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1. Introduction 41 

In this document ‘shall’ means a requirement, ‘should’ a recommendation and ‘may’ a possibility. 42 

 43 

Since 1993, PlasticsEurope, the association of European plastics manufacturers, has continuously updated 44 

and published eco-profiles (Life Cycle Inventories) from assembled data of the process operated by its 45 

member companies; producing polymers before their transformation into finished or semi-finished products. 46 

The program management and consistency is ensured by The Life Cycle Thinking and Sustainability work-47 

ing group of PlasticsEurope, composed of experts of its member companies 48 

Eco-profile data and reports are freely available on PlasticsEurope website. 49 

https://www.plasticseurope.org/en/resources/market-data 50 

They generally can be found too in their aggregated form in the most popular databases (for example, 51 

Simapro Industrial database, Gabi, Open LCA..) and they can be found, when there is no confidentiality is-52 

sue, in an adapted disaggregated form in database like Ecoinvent, the European Footprint compliant data-53 

base. 54 

They are representative of average European production according to the membership of PlasticsEurope. 55 

The declared unit is 1 kg of unpacked polymer resin (or, reactive precursor) »at gate« (production site out-56 

put). 57 

Comparing eco-profiles (between themselves or with other materials) at the level of 1 kg is meaningless, 58 

but they are indispensable building block dataset enabling Life Cycle Assessment of products using poly-59 

mers. 60 

 61 

The objectives of the eco-profile program are to 62 

 enable internal company benchmarking to the eco-profile average in order to foster environmental 63 

improvement 64 

 enable polymer value chain users to practice eco-design with plastics  65 

 support the development of Life Cycle Analysis to enable knowledgeable decisions regarding circu-66 

lar economy, sustainable development, waste treatment options… 67 

 68 

Additionally, this program is open to associated organisations of downstream users and related industries: 69 

feedstocks (fossil or bio-based), additives, compounding, conversion into semi-finished product (sheet, 70 

film…), recycled polymers…. 71 

The eco-profile methodology strives to adapt to the state of the art practices in LCA. At the same time, the 72 

studies and reports strive to differentiate the change in results due to methodology from these due to the 73 

process changes, background context, or scope changes (different participating companies…) or others. 74 

 75 

 76 

https://www.plasticseurope.org/en/resources/market-data
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2. Roles and Responsibilities in the Eco-profile Program  77 

 78 

The identity and contact details of the programme owner, of the data owner (if different form the programme 79 

owner), of the LCA practitioner, and of the reviewer shall be stated in the Eco profile reports. 80 

 81 

Life Cycle Thinking and Sustainability working group of PlasticsEurope 82 

This working group composed of experts from Member Companies of PlasticsEurope manages the eco-83 

profile program, ensures its consistency and a level playing field in full respect of the competition laws. 84 

Data Owner 85 

Regularly, the respective Product Committee (like the Polyolefine group, the PC/BPA group, the PS 86 

group…) within PlasticsEurope is the data owner; but another industry association participating in the Plas-87 

ticsEurope Eco-profile programme may also adopt this role (like CPME for the PET).  88 

It should be carefully noted that the data ownership and the associated responsibility for the accuracy and 89 

integrity of the dataset remains with the original data owner, even if the dataset is included in a third-party 90 

database or otherwise reproduced, in particular through electronic media. However, the data ownership and 91 

the associated responsibility cease where ownership is formally transferred (by contract), or where a third 92 

part modifies the dataset in any way, in particular altering the life cycle inventory (LCI) entries. 93 

LCA Practitioner and Dataset Developer 94 

The LCA practitioner and dataset developer is a qualified expert and will usually be an LCA consultant or 95 

similar service provider. He is responsible for the data collection under a confidential agreement and proce-96 

dure with each company involved, and for the preparation of the dataset and all deliverables (report, elec-97 

tronic datasets). 98 

Programme Owner 99 

The programme owner is PlasticsEurope through its Life Cycle Thinking and Sustainability working group 100 

and ensure consistency of the eco-profiles, level playing filled and pro-active absolute respect of competi-101 

tion laws. 102 

Reviewer 103 

The reviewer is and expert externally independent from the LCA practitioner and from PlasticsEurope. 104 

 105 
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3. Purpose of this Document 106 

 107 

This document has been prepared in accordance with ISO14040/44 108 

Its purpose is: 109 

- to provide specifications (written as p)  and information to the LCA practitioner in charge to carry out the 110 

eco-profiles  for establishing as far as reasonably possible consistancy over the whole program 111 

- to provide infomation to stakeholders for their good and knowledgeable use of eco-profile datasets 112 
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4. Program management and update process 113 

 114 

The initial creation of a new eco-profile generally comprises a data collection when the manufacturing pro-115 

cess are operated by PlasticsEurope members. When it is not the case; like for example the steam cracker 116 

operation, primary data (LCI entries) may be based on the LCA practioner own development. 117 

 118 

According to “Plastic 2030, the PlasticsEurope’s Voluntary Commitment to increasing circularity and re-119 

source efficiency, 2018”, updates of eco-profiles must be processed every 3 years. 120 

The priorization list is prepared by the LCTS working group mostly based on the age of datasets, and coor-121 

dinated with product groups. 122 

The eco-profile update follows the following steps: 123 

 The LCA practitioner having made the current version of the eco-profile sends to PlasticsEurope 124 

the list of companies having participated and the sites involved in the data collection 125 

 PlasticsEurope and the Product group check the possible changes in the scope (company and 126 

sites changes, PlasticsEurope membership changes…) 127 

 PlasticsEurope and the Product group check if manufacturing chain has significantly changed 128 

(technology, chemical routes, feedstock, efficiency…) to justify a new data collection 129 

 If yes the LCA practitioner sends to all companies their data which was collected three each ago, 130 

through peer-to-peer confidential agreement and call for an update of these data. 131 

 If not the LCA practitioner run an update of the eco-profile based on the update of the background 132 

dataset (update of datasets of energy, raw materials, and other LCI entry) 133 

 In between a partial data collection may be conducted, for example on water input only to fill a gap 134 

(no data collection in the current version) or based on relevance (input having change significantly 135 

and having a relevant impact on the eco-profile) 136 

The option of a full new data collection from sites, a partial one, or an update of background data only shall 137 

be documented in the eco-profile report. 138 

 139 

 140 
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5. Goal & Scope 141 

Eco-profiles (LCIs) from this programme are intended to be used as »cradle-to-gate« building blocks of life 142 

cycle assessment (LCA) of defined applications or products using polymers.  143 

It is essential to remind that comparisons cannot be made at the level of the polymer or its precursors.  144 

Comparisons can only be made through LCAs applied at the level of a product using these different materi-145 

als as different options on the basis of the same functional unit of this product. 146 

Eco-profiles are intended for use by the following target audiences: 147 

 member companies, to support product-orientated environmental management and continuous im-148 

provement of production processes (benchmarking); 149 

 downstream users of plastics, as a building block of life cycle assessment (LCA) studies of plastics ap-150 

plications and products; and 151 

 other interested parties, as a source of life cycle information. 152 

 153 

Product Description 154 

The product to be declared shall be clearly stated, e.g. by polymer family name, and if possible IUPAC 155 

name, CAS number. The main production steps shall be visualised in a flow diagram. The main applica-156 

tions of the product shall be described. 157 

Producer Description 158 

PlasticsEurope Eco-profiles represent European industry average production. 159 

They are generally based on a data collection of the processes operated by participating companies. In that 160 

case, to ensure absolute respect of competition law, a minimum of 3 sites is necessary. In some cases, for 161 

example when chemical process use different technology and raw material to make the same studied prod-162 

uct, the minimum number can be higher. 163 

The participating companies to a data collection shall be listed. 164 

The representativeness of the European production shall then be estimated and mentioned in the report. 165 

The volume of production of the participating sites as well as their total are confidential data only known by 166 

the LCA practitioner. Oppositely, the capacity of production is public data although it is difficult to find out 167 

and it is generally provided by the data owners. Thus the representativeness of the European production 168 

can be estimated by dividing the total production (confidential) or the total capacity of the participating com-169 

panies (to the data collection) over the total European capacity. 170 

In some cases, Eco-profiles are not based on a data collection from participating companies but from a 171 

“representative model”, generally developed by the LCA practitioner, and publicly available average Euro-172 

pean data (average feedstock, average product mix, average energy consumption or emitted substances). 173 

It is for example the case of the steam cracker eco-profile. 174 

 175 
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6. System Boundaries 176 

General Considerations 177 

As a general rule, the selection of LCI system boundaries shall reflect the goal of the production process. 178 

This may require careful deliberation because usually polymers and precursors are manufactured in inte-179 

grated production sites along with a wide variety of other products and co-products. The interdependence of 180 

processes and the interchange of substance flows implies a certain complexity (cf. Figure 1). 181 

Two basic cases of system boundaries can occur: 182 

 By default, PlasticsEurope Eco-profiles refer to the production of polymers or precursors and are 183 

based on a cradle-to-gate system. The production stage covers all life cycle processes from extraction 184 

of natural resources, up to the point where the product is ready for transportation to the customer. 185 

Packaging of the material is not included. The use phase and end-of-life management are not included 186 

in the cradle-to-gate information module. 187 

 However, some process may be reported as gate-to-gate Eco-profiles, i.e. conversion process may be 188 

reported as a module with inputs of monomers/polymers and process energy, among others. 189 

System boundaries generally include: 190 

 Polymer (or monomer) production: named foreground processes, generally included in data collec-191 

tion. The granularity of the foreground process should be as detailed as possible in correspond-192 

ence to operations for which data are available. 193 

 Raw materials, additives and energy: named background process, generally modelled by using da-194 

tasets from third-party databases, or preferably if available from PlasticsEurope eco-profiles  195 

 196 

Capital, i.e. the construction of plant and equipment as well as the maintenance of plants, vehicles and ma-197 

chinery although irrelevant regarding total energy use and greenhouse gas emission,  may be included, for 198 

example to get compliant with the requirements of the European environmental footprint database. 199 

The end-of-life management of plastics is outside the LCI system boundaries of Eco-profiles for the produc-200 

tion of polymers and precursors. 201 

The system boundaries shall be transparently documented in a flowchart of the process, showing the fore-202 

ground part, corresponding most of the time to the polymer or monomer production, from which the data 203 

collection if any takes place, and the background part composed of dataset from commercial databases 204 

(like the inventory for electricity, process water, raw materials…). 205 

 206 
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 207 

Figure 1: Sample illustration of system boundaries and interconnected processes in the chemical and 208 
plastics industry (source: PlasticsEurope website) 209 

 210 

 211 

Technological Reference and Coverage 212 

The LCI data shall represent technology in use, and employed by the participating producers.  213 

Time-related Reference and Coverage 214 

The Eco-profile report shall state – 215 

 the time period for which the LCI data was collected, 216 

 the reference period, i.e. usually the reference year, and 217 

All LCI data should be collected as 12 month averages; exceptions shall be justified. 218 

Geographical Reference and Coverage 219 

Eco-profiles refer to a European average, as defined by the respective locations of sites participating in the 220 

LCI data collection. In any other case, the geographic location of the production sites included in the calcu-221 

lation of LCI data shall be recorded and justified. 222 

LCI data describing the direct inputs and outputs of foreground processes (resin production) shall be repre-223 

sentative of the defined production region. 224 
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7. Cut-off Rules 225 

The LCI data collection for Eco-profiles shall aim for completeness – a closed mass and energy balance – 226 

and avoid cut-offs altogether. Where quantitative data are available, they shall be included. 227 

However, no undue effort should be spent on developing data of negligible significance concerning envi-228 

ronmental effects. Where elementary flows are unknown or no quantitative data are available, the following 229 

minimum criteria shall guide Eco-profile data collection: 230 

 Include all material inputs that have a cumulative total of at least 98% of the total mass inputs to the 231 

unit process; 232 

 Include all material inputs that have a cumulative total of at least 98% of total energy inputs to the unit 233 

process; and 234 

 Include any material, no matter how small its mass or energy contribution, that has significant effects in 235 

its extraction, manufacture, use or disposal, is highly toxic, or is classified as hazardous waste (envi-236 

ronmental significance). 237 

Cut-offs may become necessary in cases where no data are available, where elementary flows are very 238 

small (below quantification limit), or where the level of effort required to close data gaps and to achieve an 239 

acceptable result becomes prohibitive. 240 

Flows that are cut off, estimated, or substituted shall be recorded in qualitative and quantitative terms, and 241 

the omission shall be examined and justified, if applicable, by a sensitivity analysis considering – 242 

 Mass: percentage of total input or output mass flows, respectively; 243 

 Energy: percentage of total input or output energy flows, respectively; 244 

 Cost: percentage of market value; 245 

 Environmental significance: percentage contribution to relevant impact indicators. 246 
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8. Data Quality Requirements 247 

 248 

Data Sources and Types of Data 249 

Individual plants at each step of the production chain may be supplied with varying feedstocks, depending 250 

on production circumstances, geography, etc. Consequently, outputs are often not traceable to single in-251 

puts, and material specification typically occurs in general terms and is not supplier specific. 252 

Eco-profiles developed by PlasticsEurope use average data representative of the respective foreground 253 

process (usually a polymer resin production), both in terms of technology and market share. The primary 254 

data shall be derived from site specific information for processes under operational control supplied by the 255 

participating member companies of PlasticsEurope. Secondary data may be derived from generic datasets 256 

for background processes, or to close data gaps. 257 

In the course of the data collection and research, the type of data (by source) shall be noted as follows: 258 

 Primary data – 259 

 Measured (e.g. accounting or analytical data); 260 

 Calculated (e.g. using stoichiometric relations or emission factors); 261 

 Estimated (e.g. expert judgment); 262 

 Secondary data (e.g. literature, third-party database). 263 

Data Quality Indicators 264 

Data quality should be assessed considering the following requirements (Table 1): 265 

 Technological, temporal, and geographical coverage (with regard to goal and scope, see 5); 266 

 Relevance, representativeness and consistency (with regard to goal and scope); 267 

 Completeness (e.g. by noting omitted or substituted flows); 268 

 Precision and accuracy (e.g. by providing a confidence range); 269 

 Data sources, reliability and uncertainty (e.g. ranging from verified measurement to non-qualified esti-270 

mate). 271 

In order to assess accuracy, specifically where estimates or substitutes are used, a sensitivity analysis 272 

should be conducted as follows: each data item is doubled and halved, then checking whether the final im-273 

pact assessment for the product system being modelled varies by less than 5%, in which case the approxi-274 

mate values can be used – where the variation is greater than 5% further investigation of this parameter 275 

shall be undertaken. 276 

The LCA practitioner shall address each of the requirements as per Table 1 in the Eco-profile report. The 277 

electronic ILCD format also requires that these criteria be reported. 278 

These data quality criteria shall then be checked and confirmed in the external review of the Eco-profile re-279 

port and dataset. Based on the outcome, the reviewer can assign data quality indicators (DQI) to the da-280 

taset. 281 
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Table 1: Requirements for data quality (source: UNEP/SETAC LCA Guidance 2011, in publication) 282 

Requirement Description (as per ISO 14040–44 as far as applicable) 

Technological coverage Specific technology or technology mix for which data was collected  

Time-related coverage  Age of data and the minimum length of time over which data was 

collected; additionally the expected temporal validity of the dataset  

Geographical coverage Geographical area from which data for unit processes was collected  

Relevance and representa-

tiveness 

Qualitative assessment of the degree to which the data set reflects 

the true population of interest (i.e., geographical coverage, tem-

poral and technology coverage). 

Consistency Qualitative assessment of whether the study methodology is ap-

plied uniformly to the various components of the analysis. 

Reproducibility Qualitative assessment of the extent to which information about the 

methodology and data values would allow an independent practi-

tioner to reproduce the results reported in the study.  

Precision and accuracy Measure of the variability of the data values for each data ex-

pressed (e.g., variance). 

Completeness Percentage of flows measured or estimated. 

Data sources Documentation of the data origins. 

 

 
Reliability and uncertainty Uncertainty of the information (e.g. data, models and assumptions). 

 283 

Nomenclature of Elementary Flows 284 

LCI Shall be reported according to the last version of the ICLD format at the publication date. 285 

 286 
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9. Collection of Primary or Foreground Data 287 

Primary or foreground data comprises all data concerning processes under operational control of the re-288 

spective producer. They are strictly confidential information and hence subject to the non-disclosure agree-289 

ment between the data provider (company) and the dataset developer. 290 

The dataset developer is required to keep these records for a minimum of ten (10) years.  291 

Upon request, the dataset developer shall make the anonymised records available to the reviewer. 292 

Most of the information can be derived from existing plant records. Few companies have the resources 293 

available to carry out new measurements on their plants, but usually the monitoring of plants is sufficiently 294 

detailed. There may yet be cases where data are from different sources (e.g. calculated as opposed to 295 

measured) or data gaps need to be closed by estimates. 296 

Data Collection Conventions 297 

The following conventions apply to data collection: 298 

 Units — SI units are used throughout the Eco-profiles and EPD (or any report submitted to the verifier). 299 

Hence, data should be collected in SI units if at all possible, keeping unit conversions and the associat-300 

ed error potentials to a minimum. 301 

 Calorific values — Gaseous fuels are commonly recorded in terms of their energy content – indeed 302 

natural gas fuel is sold by energy content rather than mass. Similarly exchanges of fuels internally are 303 

often recorded by energy content. Eco-profiles should record gross calorific values (upper heating val-304 

ue); alternatively, the net calorific value (lower heating value) of the water-free resource could be speci-305 

fied. In any case, the reference shall be clearly stated because the difference between gross and net 306 

calorific value can cause substantial errors in calculation. Additionally, the mass flow should be provid-307 

ed as well, if at all possible. 308 

Data Collection for Waste Streams 309 

It should be noted that, in accordance with the rules in the ILCD handbook, the final LCI dataset must not 310 

include any waste streams for treatment, but only final deposits released into the environment. Therefore, 311 

for all waste streams recorded during data collection the intended waste treatment shall be mentioned. In 312 

the course of the LCI modelling, all waste streams shall be assigned to the applicable waste treatment sys-313 

tems accordingly. 314 

Data Collection in Practice 315 

In preparation of the LCI data collection, a meeting should be held with participating companies including a 316 

knowledge-building session in order to raise awareness about the procedures and success factors of the 317 

exercise. 318 

The LCA practitioner will usually employ a spreadsheet-based questionnaire which is distributed to the par-319 

ticipating member companies. To this aim, a generic questionnaire template could be developed which 320 

should contain default substance flow names as per the ILCD handbook, accommodate data entry in vary-321 

ing units (drop-down to select unit), offer automatic conversion to metric standard units (e.g. tonnes to kg), 322 

and ensure a base-level plausibility by restricting numerical entries to reasonable ranges. 323 

The following requirements for data quality should guide the data collection: 324 

 Direct measured data should be preferred over inferred or estimated data; 325 
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 Locally appropriate data should be preferred over data from remote sources; 326 

 Data for identical processes should be preferred over data from analogous processes; 327 

 Recent data should be preferred over older data; 328 

 At last resort estimated data should be used until the mass and energy balance for the process is com-329 

plete. 330 

Any deviation should be documented. 331 

Data Gaps and Overseas Production 332 

Gaps in primary datasets may occur, for instance, because of – 333 

 Lack of emission data for a given unit process; 334 

 Use of imported materials (overseas production); 335 

 Use of third-party waste management or wastewater treatment processes, or; 336 

 Products or processes otherwise outside the operational control of the data provider. 337 

In such cases, the data gap should be addressed by secondary data. This substitution shall be recorded 338 

and commented upon. 339 

In cases where region-appropriate LCI data for imported materials and non-domestic processes (overseas 340 

production) would not be available they could be modelled as a proxy, by adapting data representative of 341 

the European production. For example, by adjusting transportation distances and modes, electricity genera-342 

tion fuel mix, calorific value and emission profile of solid fuel resources etc. Where such adaptations are 343 

undertaken it shall be clearly recorded that the inventories are based on European production data and are 344 

not actual inventories for imported production. 345 

 346 

 347 
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10. Use of Secondary or Background Data 348 

Secondary or background data concern processes either outside the operational control of the respective 349 

producer or for which primary data are not available at a feasible effort (like LCI datasets representative of 350 

the used raw materials, the used grid electricity mix transport, the used transport, infrastructure, on-site 351 

wastewater…) 352 

Such generic datasets can be derived from publicly available or commercial LCI databases should comply 353 

with quality requirements set out in the ILCD handbook 354 

The selected generic dataset needs shall be recorded and reported. 355 

 356 

Background chemical datasets harmonisation along the eco-profile program 357 

The LCA practitioner shall identify the relevant background chemical datasets and check with the program 358 

owner if these are also used and relevant for another eco-profile. (See annex 1). 359 

If this is the case, the possibilities of harmonisation will be considered to the extent of a reasonable feasibil-360 

ity. 361 

In case these relevant background chemicals are issued from the steam cracker, the allocation as recom-362 

mended by PlasticsEurope for the sake of comparability will be applied (See annex 2) 363 

 364 

Modelling Intermediates and Ancillary Polymer Production Processes 365 

Data for intermediates and ancillary polymer production processes should be taken from the PlasticsEurope 366 

Eco-profile database, where available. 367 

Note that the use of generic datasets is an option, not an obligation: indeed there may be reasons to use 368 

proprietary datasets, for example, for intermediates like syn-gas or chlorine which are specific to a produc-369 

tion site. As above, where possible, a comparison with the respective benchmarks should be conducted. 370 

 371 

Modelling Energy Supply 372 

The energy supply shall be modelled on a site-specific basis. If direct energy supply is derived from one 373 

source, then this should be used, and where energy is taken from a national or regional grid, then this shall 374 

be modelled specifically for the specified geographic region. 375 

Generic data for energy can be obtained from the database of the International Energy Agency IEA1. 376 

When accounting for renewable energy or carbon offsets, appropriate quality standards shall be taken into 377 

consideration. In any case, credits must be reported as distinct line items, and off-set emissions must not be 378 

included in the LCI datasets. 379 

                                       

1 IEA Website: www.iea.org (energy information centre). 

http://www.iea.org/


 

 17 

2
0
1
1
-
0
3
 

11. Calculation Rules 380 

 381 

Vertical Averaging aggregated datasets 382 

When modelling and calculating average Eco-profiles from the collected individual LCI datasets, vertical av-383 

erages shall be calculated (Erreur ! Source du renvoi introuvable.). Vertical averaging involves combin-384 

ing a sequence of Unit Process Inventories (UPI), or sometimes aggregated processes, which are linked by 385 

a reference flows (see definition in ISO14040/4), e.g. precursors or intermediates. Vertical aggregation also 386 

means that data are first calculated separately for each production chain, and only then an average is cal-387 

culated, weighted by the production tonnage of each chain. 388 

By contrast, horizontal averaging (Erreur ! Source du renvoi introuvable.) implies aggregating multiple 389 

UPI or aggregated processes each supplying the same reference flow. Horizontal averages may in some 390 

cases be useful to handle data gaps or for benchmarking purposes. However, utmost care needs to be tak-391 

en that the operations thus included in the average are indeed consistent; further, the horizontally averaged 392 

performance may not represent a real system due to interdependencies between operations. 393 

The sub-system boundaries for the production chains to be vertically averaged should be set in such way 394 

as to avoid allocation as far as possible. They shall take into account a sufficient number of representative 395 

site-specific production routes. The datasets obtained by vertical averaging aim at being the most faithful 396 

representation of the industrial reality reflecting the integration within production sites and industrial net-397 

works as captured at the time of the eco-profile study,  398 

In practice, Eco-profiles will often use a hybrid of vertical and horizontal averages in that intermediates may 399 

constitute a reasonable sub-system boundary. Therefore, wherever possible and useful, meaningful inter-400 

mediates can also be reported as »partial-chain«, or modular, Eco-profiles. 401 

Disaggregated information 402 

In order to adapt the eco-profiles based on data collection of participating companies, to database like the 403 

European Environmental Footprint compliant database, or the Ecoinvent database, average inputs and out-404 

puts to the foreground system (raw material, energy, direct emissions shall be delivered to the data owner 405 

and programme owner), on the strict condition that they are calculated from a minimum of 3 companies,. In 406 

some cases, this minimum can be decided higher, as a precaution to ensure full respect for competition 407 

laws. This may be an impediment to disaggregation for example for technical polymers which do not have 408 

enough participating sites, or use different technologies with different inputs/outputs. Even for commodity 409 

polymers comprising many plants, it may be an impediment to regionalize some of the inputs like water, 410 

electricity. On the top of that, averaging inputs implies that small chemicals, often specific to each site or 411 

company, are turned into a generic chemical input or neglected. 412 

Due to these adaptations, and to the fact that the foreground process will be most likely connected to differ-413 

ent secondary datasets used in the new host database than the one used in the aggregated eco-profile 414 

published by PlasticsEurope, the result of LCI will be per se different, which could have a strong effect on 415 

some indicators.  416 

When getting disaggregated data, LCA practitioners, as a current practice, may on purpose change input 417 

and output values,  change they representativeness (geographical, temporal, technological), for example to 418 

adapt the original dataset as a proxy to other situations, or to test some different background context. These 419 

changes are operated under the responsibility of LCA practitioners, and should be documented, particularly 420 

when the new changed datasets are published. 421 
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In all cases, academic researchers and practitioners are welcomed to contact PlasticsEurope in case of fur-422 

ther needs, to consider the possibility and conditions for delivering more information. 423 

 424 

                          Vertical Averaging  425 

 426 

 427 

                      Horizontal Averaging 428 

 429 

 430 
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Interchange of Hydrocarbon Fuels 431 

Frequently waste hydrocarbon products from one process are exported for use as fuels to another, but to-432 

tally unrelated, process elsewhere on the site. Often, the chemical composition of these fuels is unknown, 433 

as is their calorific value, which may, in any case, vary with time depending on the types of waste produced. 434 

In such cases, the following procedure shall be used: 435 

 When the precise calorific value of the »unknown« hydrocarbon is not known, it is assigned an arbitrary 436 

value of 40 MJ/kg. It is therefore necessary to examine the sensitivity of the final result to this value. 437 

 When such by-product fuels are subsequently burned, the combustion emissions are assumed as for 438 

heavy fuel oil combustion. 439 

 440 
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12. Allocation Rules 441 

Production processes in chemical and plastics industry are usually multi-functional systems, i.e. they have 442 

not one, but several valuable product and co-product outputs. Wherever possible, allocation should be 443 

avoided by expanding the system to include the additional functions related to the co-products. To this aim, 444 

a generic process with the same function (product) can be introduced, and the examined system receives 445 

credits for the associated burdens avoided elsewhere (»avoidance allocation«, avoided burden). System 446 

expansion should only be used where there is a dominant, identifiable displaced product, and if there is a 447 

dominant, identifiable production path for the displaced product 448 

Often, however, avoiding allocation is not feasible. In such cases, the aim of allocation is to find a suitable 449 

partitioning parameter so that the inputs and outputs of the system can be assigned to the specific product 450 

sub-system under consideration. 451 

Since production systems are controlled by different strategies and allocation is always a value judgment, 452 

PlasticsEurope’s stipulates the following »allocation philosophy«: from the following allocation methods the 453 

practitioner shall select the one most appropriate to the goal of the production system and transparently 454 

record the justification of this choice; the chosen allocation method shall also be noted in the meta-data  455 

The following allocation methods are eligible options: 456 

 Mass or energy allocation aims at a close representation of physical causality, i.e. the causal rela-457 

tionships between the inputs and outputs. The choice of partitioning parameter is meant to reflect the 458 

physical behaviour of the system as shown by mass or energy flows. 459 

 Stoichiometric allocation aims at a close representation of physical causality in case of chemical 460 

transformation processes, i.e. as shown by molecular flows. 461 

For example, in order to produce 1 kg of chlorine from an electrolytic cell, a total of 1.648 kg of rock salt 462 

(NaCl) must be fed into the cell, assuming stoichiometric performance. However, there would also be a co-463 

product of sodium hydroxide (NaOH). Thus of the 1.648 kg of NaCl, 1.000 kg is chloride (Cl–) which goes to 464 

produce the chlorine and 0.648 kg of sodium (Na+) which goes to produce NaOH. Therefore the quantity of 465 

NaCl that is attributable to the chlorine product is 1 kg and not 1.648 kg. 466 

 Economic allocation aims at a close representation of the economic purpose of production systems, 467 

i.e. as indicated by prices or costs. 468 

In particular, stoichiometric and economic allocation should be considered in order to avoid inappropriate 469 

results where these are an upshot of mass allocation. In case of substantial deviation, i.e. more than 20%, 470 

between the resulting LCI or impact indicator from mass allocation and an alternative method, the influence 471 

of the choice of allocation method shall be addressed by a sensitivity analysis. 472 

In principle, allocation rules should reflect the goal of the production process. Furthermore, it should be not-473 

ed that allocation not only affects calculated results, but also the primary data collection in that certain ele-474 

mentary flows might be dropped from the outset. The same allocation method shall be applied consistently 475 

throughout all datasets contributing to an average. 476 

The chosen allocation method and its rationale shall be recorded in the Eco-profile report. Where possible, 477 

a sensitivity analysis should be carried out to illustrate the variability in results for alternative allocation 478 

methods. 479 

 480 
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13. LCI Results 481 

Delivery and Formats of LCI Dataset 482 

LCA practitioner shall deliver 483 

 An aggregated dataset in ILCD format (https://eplca.jrc.ec.europa.eu/LCDN/developer.xhtml) ac-484 

cording to the last version at the date of publication of the eco-profile and including the reviewer (in-485 

ternal and external) input. The delivered dataset must pass the ILCD verification set up by JRC or 486 

implement by the European Commission in the frame of the Environmental Footprint. 487 

 In case the eco-profile is based on a data collection of participating companies, average inputs and 488 

outputs to the foreground system in order to enable partial disaggregation and further adaptation of 489 

the dataset. This only (see Section 11) 490 

- on the strict condition that they are calculated from a minimum of 3 sites 491 

- on confirmation by data owner and programme owner in consideration of full respect of competi-492 

tion laws 493 

 a report according to the document “eco-profile report framework V3.4” in a format enabling text 494 

edition 495 

 496 

Energy Demand 497 

 498 

 499 

Primary

Energy

Demand
(energy equivalent of 

extracted resources, 

quantified as Gross 

Calorific Value, UHV)

System Boundary

Raw Materials

(»Cradle«)

System Boundary

Polymer

(»Gate«)

Energy 

Content

in Polymer
(energy recovery 

potential of polymer, 

quantified as Gross 

Calorific Value, UHV)

Feedstock

Energy
(energy equivalent of 

extracted resources 

used as feedstock, 

i.e. incorporated into 

polymer, quantified as 

carbon content 

multiplied by Gross 

Calorific Values of 

input feedstocks)

Fuel

Energy
(energy equivalent of 

extracted resources 

used as fuel, i.e. 

converted to energy 

and CO2)

Polymer

(characterised by carbon content)

Process energy

from fuels

(characterised by 

associated CO2 releases)

Process energy

from feedstocks

(exothermal reaction, waste to fuel)

Process

Energy
(dissipated energy, 

quantified as Primary 

Energy Demand 

minus Energy 

Content in Polymer)

Organic Input Materials

(as per fuel/feedstock table)

Electricity generation

Thermal energy (heat) 

generation

Types of Useful Energy

(process input)

 500 

 Energy flow diagram showing how primary energy demand (system input) is disproportioned 501 
into fuel and feedstock energy (within system), and process energy and energy content in poly-502 
mer (system output) 503 

The above figures gives a theoretical view of the energy in chemical process.  504 

The feedstock energy represents the share of the primary energy demand which is incorporated into the 505 

polymer, as opposed to being used as a fuel for process energy. Hence, the feedstock energy is a measure 506 
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of the stoichiometric contributions to the polymer, quantified as energy resource equivalents on the input 507 

level. It is different from the energy content in the polymer, which depends only the chemical composition of 508 

the output. 509 

Energy and mass balances can be complex. too keep it simple and useful, the LCA practitioner shall report:  510 

 511 

 512 

- As a key indicator on the inventory level, the primary energy demand (system input) of XX MJ/kg 513 

indicating the cumulative energy requirements at the resource level, accrued along the entire pro-514 

cess chain (system boundaries), quantified as gross calorific value (upper heating value, UHV).  515 

 516 

- As a measure of the share of primary energy incorporated in the product, and hence indicating a 517 

recovery potential, the energy content in the polymer (system output, instead of feedstock ener-518 

gy,), quantified as gross calorific value (UHV), is XX MJ/kg,  519 

 520 

- the difference () between primary energy input and energy content in polymer output as a meas-521 

ure of process energy which may be either dissipated as waste heat or recovered for use within 522 

the system boundaries.( Useful energy flows leaving the system boundaries were removed during 523 

allocation). 524 

 525 

 Primary energy demand (system boundary level) per 1kg Polymer 526 

Primary Energy Demand Value [MJ] 

Energy content in polymer (energy recovery potential, quantified as gross calorific value of 

polymer) 

 

Process energy (quantified as difference between primary energy demand and energy con-

tent of polymer) 

 

Total primary energy demand  

 527 

 528 

Water Consumption 529 

 530 

In a chemical plant, for a good management of water, it is interesting to identify all the water flow inputs, 531 

their origin (lake, river, public supply, underground…), their treatment (process water), how and where the 532 

water is employed, all the outputs and their treatment if any (back to the river, evaporated, in the public 533 

sewage network, in the product…). Improvement action plans base on this knowledge. 534 

Here is a list of possible water flows that can be found in a plant. Most of the time, cooling towers (item 2 of 535 

the list below) dominates water use and consumption inventory. But it is not always the case, and some-536 

times, for example, the relative amount of water entering with raw materials (item 6 of the list below) may 537 

reveal surprisingly high. 538 
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1. Water used for open loop cooling system is withdrawn from the sea or rivers having a sufficient flow (to 539 

avoid significant perturbation). It is not treated, go once through the heat exchange system, does not 540 

enter into contact with any product, and get back to the same basin as such, with just a few degrees of 541 

temperature more. In that case, water use flows are important but the consumption according to ISO 542 

14046 is null in normal conditions, apart from leaks and purge operations which may be negligible. Flow 543 

is often not metered but may be known thanks to the design data of the cooling system or thanks to the 544 

pump capacity. In any case, this water use flow must not be confused with the water consumption of 545 

closed looped system (see next point), which are around 10 to 20 times lower. This confusion seems to 546 

be frequent, and when using LCA dataset of similar processes but from different sources it is important 547 

to bear this order of magnitude in mind to detect possible inconsistencies. 548 

2. Water used in closed loop cooling system, getting in open contact with air, with evaporation ensuring 549 

the removal of calories. They typically have the form of cooling towers. In these systems, the circulation 550 

flows are high (similarly to case 1 above) but the input to the plant corresponds in fact only to the top-up 551 

of the recirculating water, compensating the evaporation and the purge. The evaporated water is con-552 

sidered as consumption according to ISO 14046. It is in general the dominant consumption when there 553 

are cooling towers. The amount consumed could be calculated from the water treatment, generally de-554 

mineralization and biocide to avoid the development of Legionellose. 555 

 556 

3. Water used for closed loop cooling system without contact to air. As there is no evaporation the top-up 557 

of the system is much lower than in the previous case, limiting to the purge of the water held up that 558 

may be necessary to maintain operational conditions of the treated cooling water. This could be for ex-559 

ample a secondary cooling loop, linked to a primary cooling loop (which could be of type 1 or 2 as 560 

above) The water purged out from the cooling system goes through a collection network/water treat-561 

ment station (internal, external) back to the environment. It is considered consumption if the final desti-562 

nation basin is different from where the water was withdrawn. The amount could be calculated from the 563 

water treatment, generally demineralization and biocide to avoid the development of Legionellose, alt-564 

hough the risk is much lower than in the open air cooling system. 565 

 566 

4. Water used to produce steam, may be employed to heat the pipes and drums containing a product, or 567 

to enter in contact with the product like in steam cracking (see type 5). In the first case it is likely that 568 

the condensed water out from the steam trap goes through a collection network/water treatment station 569 

(internal, external) back to the environment. It is considered consumption if the destination basin is dif-570 

ferent from where the water was withdrawn. The amount can be calculated from the steam purchasing 571 

data or from the steam production facilities, taking into account the steam condensate that could be re-572 

cycled. 573 

 574 

5. Steam or water entering in contact with the product, may be separated or stay with the product put on 575 

the market (as diluter, solvent like for some paints …). In the former case, the separated water goes 576 

through a collection network/water treatment station (internal, external) back to the environment. It is 577 

considered consumption if the destination basin is different from where the water was withdrawn. The 578 

amount can be calculated from the process working conditions, from the Bill of Material, and/or from the 579 

steam purchasing data or from the steam production facilities. In the latter case, the water put on the 580 

market with the product is to be considered by default as consumption (unless it can be demonstrated 581 

that it ends up in the same basin). The amount can be calculated from the volume of production multi-582 

plied by the water content of the product 583 

 584 

6. Water brought by raw materials, may be separated or stay with the product put on the market. In the 585 

former case, the separated water goes through a collection network/water treatment station (internal, 586 

external) back to the environment in a basin. It is a negative consumption for that basin. In the latter 587 

case, the water put on the market with the product is to be considered as ending in a different basin 588 

(unless it can be demonstrated that it ends up in the same basin). So the impact on the local basin con-589 

sumption is null. The amount can be calculated from the amount of raw material purchased and its wa-590 

ter content. 591 

 592 

7. Water produced by a chemical reaction, may be separated or stay with the product put on the market. 593 

In the former case, the separated water goes through a collection network/water treatment station (in-594 

ternal, external) back to the environment in a basin. It is a negative consumption for that basin. In the 595 
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latter case, the water put on the market with the product is to be considered as ending in a different ba-596 

sin (unless it can be demonstrated that it ends up in the same basin). So the impact on the local basin 597 

consumption is null. The amount can be calculated from the stoichiometry of the reaction and the pro-598 

duction volume. 599 

 600 

8. Raining water collected by the plant area goes through a collection network/water treatment station (in-601 

ternal, external) back to the environment in a basin. It is interesting to know for the sake of water inven-602 

tory balance, and for good management of the waste water treatment. The consumption is considered 603 

null. The amount can be estimated from local meteorological data. 604 

 605 

9. Water for cleaning, sanitary… comes from the supply network or is part of the process water. It is a 606 

consumption if it ends up in a different basin as the one from where it was withdrawn. The amount is 607 

likely relatively small and already included in the global purchasing or production data of process water 608 

and does not need a specific calculation. 609 

The ISO 14046 standard (1) on water footprint differentiates  610 

- water use (2) which includes any withdrawal (abstraction as a synonymous) from any source, and 611 

corresponds to the total input water flows of the studied system (a plant, a site..) 612 

- water consumption (2) which is the part of this withdrawal which is not returned back to the same 613 

drainage basin it is sourced from, with a level of quality enabling its further use. It may be water 614 

evaporated in cooling towers, incorporated in the product, evapo-transpirated by plants (only the 615 

water from irrigation, 4), non-sea water ending up in the sea. Note that water sourced from the sea 616 
is not part of the consumption, as it is considered unlimited.  617 

The notion of “drainage basin” (basin in this paper) as defined in ISO 14046 (3) corresponds to large portion 618 

of territory in proportion to the surrounding of a chemical site. Thus, in most cases water input coming from 619 

river, lake, ground which is not evaporated in the atmosphere by cooling towers (or incorporated in prod-620 

ucts, or rejected in sea, which are rarely significant) will end up after use in the same basin and will not cor-621 

respond to a net consumption. 622 

This net water consumption is the input necessary to assess the water impact according to the last consen-623 

sual model being developed: AWaRE (http://www.wulca-waterlca.org/); taking into account human and eco-624 

system needs. 625 

It is important to bear in mind that this net water consumption according to ISO 14046 anf AWaRE is most 626 

often different from the water consumption as we use to consider it as a plant manager, or as a consumer at 627 

home, generally linked to a cost. Again, the most part of this “user consumed” water often ends up in the 628 

same basin from where it was originated and thus the ISO 14046 consumption may be null (apart from pos-629 

sible losses and quality degradation) 630 

In LCA, lake and river inputs are elementary flows but public supply, underground, process water are not 631 

elementary flows but intermediate flows corresponding to more or less regionalized LCA datasets, available 632 

in databases. 633 

Consistency of datasets form different sources regarding water is a bit challenging and one the works the 634 

LCA community strive to address. 635 

In PlasticsEurope Eco-profiles program, we aim at collecting consistently the primary data of the foreground 636 

part: 637 

- Total water use and the part of Total water use for cooling 638 

- Total water consumption, and the part of total water consumed for cooling 639 

- If meaningful, the water content in raw materials and final products  640 

http://www.wulca-waterlca.org/
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Most of the time, cooling towers (item 2 in the above list) dominates water consumption inventory. But as it 641 

is not always the case, the LCA practitioner should first screen the different flows listed above (from 1 to 9) 642 

to estimate whether they could be relatively significant. Then focus on the dominant(s) one(s) to refine their 643 

measurements. 644 

In any case the LCA practitioner shall ensure to not mix the recirculating flow of item 1 (which is many a 645 

use and not a consumption apart from losses to the air) with the consumption of item 2. This has been a 646 

frequent source of inconsistency and reporting in the past, before the clarification by the ISO 14046. 647 

 648 

(1) ISO 14046 “Environmental management — Water footprint — Principles, requirements and guide-649 
lines “ 650 
 651 
(2) Definition according to ISO:  652 
3.2.1 653 
water use 654 
use of water by human activity 655 
Note 1 to entry: Use includes, but is not limited to, any water withdrawal (3.2.2), water release or other 656 
human 657 
activities within the drainage basin (3.1.8) impacting water flows and/or quality, including in-stream us-658 
es such as fishing, recreation, transportation. 659 
Note 2 to entry: The term “water consumption” is often used to describe water removed from, but 660 
not returned to, the same drainage basin. Water consumption can be because of evaporation, transpi-661 
ration, integration into a product, or release into a different drainage basin or the sea. Change in 662 
evaporation caused by land-use change is considered water consumption (e.g. reservoir). The tem-663 
poral and geographical coverage of the water footprint assessment (3.3.2) should be defined in the 664 
goal and scope. 665 
 666 
(3) Definition according to ISO 667 
3.1.8 668 
drainage basin 669 
area from which direct surface runoff from precipitation drains by gravity into a stream or other water body 670 
(3.1.7) 671 
Note 1 to entry: The terms “watershed”, “drainage area”, “catchment”, “catchment area” or “river basin” 672 
are 673 
sometimes used for the concept of “drainage basin”. 674 
Note 2 to entry: Groundwater drainage basin does not necessarily correspond in area to surface 675 
drainage basin. 676 
Note 3 to entry: The geographical resolution of a drainage basin should be determined at the goal and 677 
scope stage: 678 

 679 

(4) Rain water. Excerpt from “Introduction to Water Assessment in GaBi Software”, Thinkstep. 680 

Rain water “refers to use of natural precipitation (green water). Typical examples are rain water use by crops or 681 

rain water harvesting plants.”  682 

 683 

 684 

The LCA practitioner shall report the Foreground (gate-to-gate) water use and consumption as below 685 

 686 

 687 

The following table shows the weighted average values for water use of the foreground production process. 688 

For each of the typical water applications the water sources are shown. 689 
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 Water use and source per 1kg of polymer 690 

Source Process water 
[kg] 

Cooling water 
[kg] 

Steam Water 
[kg] 

Water in Raw 
Materials [kg] 

Total [kg] 

Deionized      

From River      

Relooped      

Totals      

 691 

The following table shows the further handling/processing of the water output of the PC production process. 692 

 Treatment of Water Output per 1kg of polymer 693 

Treatment Water Output [kg] 

To WWTP  

To Sea (after WWTP)  

To River (untreated)  

Reloop to process  

Water Vapour  

Formed in reaction (to WWTP)  

Totals  

 694 

Based on the water use and output figures above the water consumption can be calculated as: 695 

Consumtion = (water vapour + water most to the sea) – (water generated by using containing raw materials 696 

+ water generated by the reactor) 697 

 698 

The LCA practitioner shall report the cradle to gate water consumption and if possible, water use. 699 

 700 

 701 

Dominance Analysis 702 

The LCA Practitioner shall elaborate and report on the main contributors to impact, differentiating clearly 703 

the foreground and the background part. 704 

 705 

 706 

 707 

 708 

 709 
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Table : Dominance analysis of impacts per 1kg Polymer 710 

 

Total Pri-
mary En-

ergy 

[MJ] 

ADP Ele-
ments 

[kg Sb eq.] 

ADP 
Fossil 

[MJ] 

GWP 

[kg CO2 
eq.] 

AP 

[g SO2 
eq.] 

EP 

[g PO4
3- 

eq] 

OTHER 

 

BACKGROUND 

 

Main Raw Material 1 

Main Raw material n        

Other chemicals 

 

FOREGROUND 

 

Production        

Utilities 

Electricity        

Thermal Energy 

Process was treatment        

Other as relevant 
       

 
       

Total 100% 100% 100% 100% 100% 100% 100% 

 711 

 712 

 713 

Comparison of the present Eco-profile with its previous version  714 

 715 

LCA practitioner shall elaborate and report on the main contributors differentiating clearly foreground, 716 

background, scope and methodology influence.  717 

What are the causes of the significant differences in impacts? 718 

 Changes in scopes (different panel of participating companies/plants) 719 

 Changes in foreground process (different energy and/or raw material specific consumption, differ-720 

ent feedstock and/or product mix, technology changes, abatement measures for emissions to the 721 

environment…) 722 

 Changes in background process (changes in the energy and/or raw material profiles…) 723 

 Changes in methodology (different allocation, different characterisation methods, …) 724 

Cause effect will be  725 

Explanations shall relates to the average only and in consideration of respect of confidentiality.. 726 

 727 
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Table : Comparison of the present Eco-profile with its previous version  728 

Environmental Impact Categories 

Eco-profile PC 
Previous 

(Date) 
Eco-profile PC 

New 

Difference 

(%) 

Gross primary energy from resources [MJ] 
   

Abiotic Depletion Potential (ADP), elements [kg Sb eq.] 
   

Abiotic Depletion Potential (ADP), fossil fuels [MJ] 
   

Global Warming Potential (GWP) [kg CO2 eq.] 
   

Acidification Potential (AP) [g SO2 eq.] 
   

Eutrophication Potential (EP) [g PO4
3- eq.] 

   

Ozone Depletion Potential (ODP) [g CFC-11 eq.] 
   

Photochemical Ozone Creation Potential [g Ethene eq.] 

 

Others impact as relevant 

   

 729 

 730 

 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

 742 

 743 

 744 

 745 

 746 
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14. REVIEW 747 

 748 

Internal Review and Plausibility Checks 749 

First, the LCA practitioner and dataset developer shall conduct an internal review. This can be included in 750 

on-going quality assurance procedures. In particular, the LCA practitioner shall conduct plausibility checks 751 

as per ISO 14040–44, e.g. checks on units and dimensions, completeness, consistency, and sensitivity 752 

analysis etc. For further details about such checks, reference is made to the ILCD handbook. 753 

Second, after submitting the preliminary Eco-profile report and calculations to the commissioner, the results 754 

of the calculations (i.e. the respective industry averages) will be discussed for further cross-checking. These 755 

measures are meant to eliminate possible errors of the primary data and data collection procedures. 756 

Third, the LCA practitioner shall compare the final results with the previous version of the Eco-profile, if 757 

available, and comment on any significant changes. Interpretations and explanations shall be included in 758 

the Eco-profile report. This will be part of a benchmarking approach and will also provide invaluable feed-759 

back to the member companies. The LCA practitioner should mention any known reason for significant 760 

changes between updates in order to facilitate plausibility checks and interpretation. 761 

ISO Compliance, External Review and Critical Review 762 

All procedures, methods and assumptions shall comply with the requirements set forth in ISO 14040–44.  763 

In particular, the Eco-profile reports (LCI data collection and calculations) shall be prepared in an auditable 764 

way. 765 

Before publication of the dataset an external review should be conducted. In particular, the reviewer should 766 

check and confirm whether the data quality requirements are met and, optionally, assign data quality indica-767 

tors accordingly  768 

While not mandatory as per ISO 14040–44 for non-comparative cradle-to-gate LCI datasets, the external 769 

review enhances the acceptance of PlasticsEurope Eco-profiles as best-quality datasets, may be a precon-770 

dition for inclusion into third-party databases. 771 

 772 
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ANNEX 1 773 

 774 

MONOMERS AND PRECURSORS TO UPSTREAM OIL AND GAS 
EXTRACTION 

Chlorine 
   Ethylene Steam Cracker 

  Propylene   
  Butadiene   
  Pygas   
  E Oxyde   
  MEG   
  DEG   Naphta Crude oil 

TEG   Ethane 
Natural 
gas 

Benzene from SC   
  Toluene from SC   
  Xylene  from SC   
  Butene, Hydrogen   
  Benzene from Refor-

mate 
Catalytic Refor-
mate 

  Toluene from Reformate   
  Xylene from Reformate   
   775 

 776 

POLYMERS ARBORESCENCE TO UPSTREAM MONOMERS AND PRE-
CURSORS 

 LDPE Ethylene 
      Fuels 
      Electricity 
      Transport 
    

  
Small chemi-
cals 

    LLDPE Ethylene 
      Butene 
      Hexene 
      Octene 
      Fuels 
      Electricity 
      Transport 
    

  
Natural gas (for 
catalyst) 

    

  
Small chemi-
cals 

    HDPE Ethylene 
      Butene 
      Fuels 
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  Electricity 
      Transport 
    

  
Natural gas (for 
catalyst) 

    

  
Small chemi-
cals 

    PP Propylene 
      Ethylene 
      Fuels 
      Electricity 
      Transport 
    

  
Small chemi-
cals 

    PVC VCM 
      Fuels 
      Electricity 
      Transport 
    

  
Small chemi-
cals 

    VCM Chlorine 
      Ethylene 
      Fuels 
      Electricity 
      Transport 
    

  
Small chemi-
cals 

    

PTA 
P-Xylene from 
SC     

  

  
P-Xylene from 
Ref 

 
  

    Acetic Acid methanol Natural gas 
    Fuels 

 
  

    Electricity 
 

  
    Transport 

 
  

  

  
Small chemi-
cals     

  

PET PTA 
Xylene from 
SC 

   

  
 

Xylene from 
Ref 

     Ethylene Glycol Ethylene 
     Fuels   
     Electricity   
     Transport   
   

  
Small chemi-
cals   

   

GPPS Styrene Styrene EBSM Ethylbenzene 
Benzene from 
Ref 

   
   

Benzene from 
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SC 

  
 

Styrene POSM Ethylbenzene 
Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   Fuels 
  

  
   Electricity 

  
  

   Transport 
  

  
 

  
Small chemi-
cals       

 

HIPS Styrene Styrene EBSM Ethylbenzene 
Benzene from 
Ref 

 
  

   

Benzene from 
SC 

 
  

 
Styrene POSM Ethylbenzene 

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   Polybutadiene butadiene 
 

  
   Fuels 

  
  

   Electricity 
  

  
   Transport 

  
  

 
  

Small chemi-
cals       

 

SAN Styrene Styrene EBSM Ethylbenzene 
Benzene from 
Ref 

 
  

   

Benzene from 
SC 

 
  

 
Styrene POSM Ethylbenzene 

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   AMStyrene 
  

  
   Acrylonitrile Ammonia Natural Gas   
   

 
Propylene 

 
  

   Fuels 
  

  
   Electricity 

  

  
   Transport 

  

  
 

  
Small chemi-
cals       

 

ABS Styrene Styrene EBSM Ethylbenzene 
Benzene from 
Ref 

 
  

   

Benzene from 
SC 

 
  

 
Styrene POSM Ethylbenzene 

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   Butadiene 
  

  
   AMStyrene 

  

  
   Acrylonitrile Ammonia Natural Gas   
   

 
Propylene 
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  Fuels 
  

  
   Electricity 

  
  

   Transport 
  

  
 

  
Small chemi-
cals       

 

EPS Styrene Styrene EBSM Ethylbenzene 
Benzene from 
Ref 

 
  

   

Benzene from 
SC 

 
  

 
Styrene POSM Ethylbenzene 

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   Pentane 
  

  
   Graphite 

  

  
 

  
Flame retar-
dants 

  

  
   Fuels 

  

  
   Electricity 

  

  
   Transport 

  

  
 

  
Small chemi-
cals       

 PC Bisphenol A Acetone Cumene Propylene 
 

  
   

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   
   

  
   

 
Phenol Cumene Propylene 

 
  

   

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

 

  
Diphenyl Car-
bonate Phenol Cumene Propylene 

 
  

   

Benzene from 
Ref 

 
  

   

Benzene from 
SC 

   Phosgene Chlorine 
 

  
 

  
 

CO from Natu-
ral gas 

 
  

   Fuels 
  

  
   Electricity 

  

  
   Transport 

  

  
 

  
Small chemi-
cals       

 POM Formaldehyde Methanol Natural gas   
   Fuels 

  

  
   Electricity 
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  Transport 
  

  
 

  
Small chemi-
cals 

  
  

 PA6 Caprolactame Sulfuric Acid       

  
 

Oxime Cyclohexanone 
 

  

  
  

Hydroxylamin Cyclohexane 
Benzene from 
Ref 

  
    

Benzene from 
SC 

  
    

Hydrogen 

  Fuels 
   

  

  Electricity 
   

  

  Transport 
   

  

  
Small chemi-
cals         

PA66 Adipic Acid Nitric Acid Ammonia Natural gas   

  
 

Cyclohexanol Cyclohexane 
Benzene from 
Ref   

  
   

Benzene from 
SC   

  
   

Hydrogen   

  
Hexamethylene 
Diamine Adiponitrile Butadiene 

 
  

  
  

Ammonia Natural gas   

  
  

Methane 
 

  

  
 

Hydrogen 
  

  

  Fuels 
   

  

  Electricity 
   

  

  Transport 
   

  

  
Small chemi-
cals         

MMA 
Acetone Cya-
nohydrin HCN Ammonia Natural gas   

  
 

Acetone 
(Cumene cata-
lyst) Propylene   

  
   

Benzene from 
Ref   

  
   

Benzene from 
SC   

  Methanol Natural gas 
  

  

  Fuels 
   

  

  Electricity 
   

  

  Transport 
   

  

  
Small chemi-
cals         

PMMA MMA         

  Fuels 
   

  

  Electricity 
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  Transport 
   

  

  
Small chemi-
cals         

PU TDI 
Toluene from 
Ref       

  
 

Toluene from 
SC 

  
  

  
 

Nitric acid 
  

  

  
 

Phosgene Chlorine 
 

  

  
  

CO from Natu-
ral gas 

 
  

  
    

  

  MDI 
Benzene from 
Ref 

  
  

  
 

Benzene from 
SC 

  
  

  
 

Nitric acid 
  

  

  
 

Formaldehyde 
  

  

  
 

Phosgene Chlorine 
 

  

  
  

CO from Natu-
ral gas 

 
  

  
    

  

  
Aliphatic Iso-
cyanate 

(Complex pro-
cesses) Butadiene 

 
  

  
  

Phosgene Chlorine   

  
   

CO from Natural 
gas   

  
  

Benzene from 
Ref 

 
  

  
  

Benzene from 
SC 

 
  

  
    

  

  
Aromatic Po-
lyester Polyol 

ethylene 
oxyde Ethylene 

 
  

    
propylene 
oxyde Propylene     

 777 

 778 

 779 

 780 

 781 

 782 

 783 
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ANNEX 2 784 

 785 

PlasticsEurope recommendation on  786 

Steam Cracker allocation 787 

Life Cycle and Sustainability working group of PlasticsEurope,  788 

14 September 2017 789 

 790 

1. Goal and scope of this paper 791 

 792 

LCA data for products, especially information on the carbon footprint (global warming potential) gained 793 

more interest through the last years in B2B as well as in B2C communication. LCA data of products com-794 

prise the environmental impact of such products from cradle-to-gate. LCA data of steam cracker products 795 

directly influence a huge amount of further downstream products, hence they will become even more im-796 

portant. It is therefore important that LCA data for steam cracker products are modelled consistently by LCA 797 

experts as a basis for further use in LCA studies. Practitioners need to be enabled to facilitate a comparison 798 

of LCA information of downstream products based on sound LCA data of steam cracker products. 799 

For multi-output processes, such as a steam cracker, ISO 14040 and 14044 standards define a hierarchy of 800 

several options to tackle that. Following these rules and due to the nature of steam cracker processes allo-801 

cation is the preferred option of the assessment.  802 

The goal of this paper is to give a recommendation for the allocation of steam cracker processes. 803 

 804 

2. Steam cracker product system 805 

2.1 General 806 

The steam cracker process turns fossil hydrocarbon feedstocks (predominantly ethane, LPG, naphtha, or 807 

gas oil) into several different main products, like ethylene and propylene, benzene, butadiene and hydro-808 

gen. The process yields additional further chemicals like, acetylene, butene, toluene and xylene. This prod-809 

uct spectrum is fairly independent from steam cracker´s feedstock, however the ratio of the produced prod-810 

ucts changes with the feedstock. Some of the products, like toluene and xylene are considered as “side-811 

catch” compared to the main objectives of a steam cracker. Toluene and xylene bulk production predomi-812 

nately originates from reformate, a refinery intermediate product rather than from pyrolysis gas, a steam 813 

cracker effluent. This is described in the report “Benzene, Toluene and Xylenes – Aromatics, BTX”, pub-814 

lished by PlasticsEurope in February 2013. 815 

 816 

 817 

 818 

The environmental footprint of the steam cracker products depends on: 819 

- the feedstock composition and its environmental profile  820 
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- the energy demand of the steam cracker process.  821 

- the proportion of products and by-products produced 822 

- the treatment of steam cracker waste streams prior to their final disposal 823 

 824 

2.2 Influence on LCA data 825 

2.2.1 Feedstock 826 

The major impact on the environmental profile of a single product is the product mix produced in the steam 827 

cracker. The feedstock used is influencing the environmental profile in two ways, one, as described is the 828 

product mix produced, the other is the impact of the feedstock itself, whose environmental profile is differing 829 

due to origin (natural gas or oil), location and refinery characteristics, in case of oil. 830 

 831 

2.2.2 Energy demand and related emissions 832 

Another relevant factor is the energy demand for the process operation. Most of the energy demand is 833 

needed to heat up the feedstocks to cracking temperature and for the cracking process itself. The heat from 834 

the process is recovered by steam production which is used amongst others for heat input into separation 835 

processes and as motive fluid for steam turbines driving various compressors in the process. Depending on 836 

the process configuration and steam cracker´s efficiency these values can vary. The energy demand needs 837 

to be allocated in the preparation of LCI as well.  838 

 839 

3. Allocation of steam cracker processes 840 

3.1 General 841 

 842 

Due to ISO 14040 and 14044, the allocation should be done between the different products or functions in a 843 

way that reflects the underlying physical relationships between them. Where physical relationships (e.g. 844 

mass, heating value, C-content etc.) alone cannot be established or used as the basis for allocation, the in-845 

puts should be allocated between the products and functions in a way that reflects other relationships be-846 

tween them on another basis. For example, input and output data might be allocated between co-products 847 

in proportion to the economic value of the products. 848 

 849 

In relation to these ISO standards it is recommended to define the “main products (MP)” for the steam 850 

cracker process. Co-products, others than on “main products” will be defined as “additional products 851 

(AP)”.   852 

For steam crackers the “main products” are: 853 

- Ethylene 854 

- Propylene 855 

- Benzene (*) 856 

- Butadiene (*) 857 

- Hydrogen 858 

- Toluene (*) 859 

- Xylene (*) 860 

- Butenes 861 

(*) if separated from mix 862 

independently which cracker technology or which feedstock is used. 863 
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The allocation scheme for “main products” and “additional products” is defined in the following section. This 864 

regulation enables practitioners to consistently create LCA data for steam cracker processes.  865 

 866 

 867 
3.2 Allocation of feedstock 868 

Feedstock shall be allocated on mass basis to all steam cracker products. It is recommended for a better 869 

understanding to report the relative share of “main products” and “additional products”. 870 

3.3 Allocation of s energy demand and emissions  871 

Energy demand and emissions shall be exclusively allocated on a mass basis to the “main products”. “Ad-872 

ditional products” shall not take an environmental burden from energy demand and emissions. 873 

 874 

4. Summary 875 

 876 

The concept of defining a main “products” fixed list in combination with a mass-based allocation for steam 877 

crackers leads to a consistent LCA approach, independently from market prices, technological changes or 878 

market driven adaptions of steam cracker outputs. It gives practitioners a clear guidance for the allocation 879 

process. This results in less differing environmental data for steam cracker products and will lead to a high-880 

er comparability. The results are much more stable, although the same product will have slightly different 881 

LCI results depending on different amounts of products derived from the steam cracker. 882 

 883 

 884 

Questions and Answers 885 

 886 

How was this recommendation established? 887 

 888 

It was built through a consensual 5 years long process by The Life Cycle Thinking and Sustainability work-889 

ing group of PlasticsEurope, composed of experts from its member companies, plus some experts of the 890 

Chemical Sector of the World Business Council for Sustainable Development, and LCA consultants. 891 

 892 

Why is there a need for such a recommendation? 893 

 894 

Allocation is a key aspect of LCA of steam crackers. Different assumptions can be made and all of them are 895 

somehow right and also wrong. To avoid influencing the results by different understanding of companies of 896 

the allocation scheme, it is needed to agree on the basic principles of the allocation without knowing the de-897 

tails of specific processes. Different allocation and different lists of “main products” and ‘co-products” may 898 

be absolutely relevant in function of the situations and configurations of different steam-crackers and in 899 

function of the goal and scope of the studies.  900 

But the purpose here is to ensure the comparability of petrochemical datasets. 901 

As full transparency is not an option, given the confidentiality of business and to respect the competition 902 

laws, the only way to enable comparability is to fix an allocation method,  903 

Then it makes sense that this allocation method is built through a consensual approach, aiming at being as 904 

much representative as possible of the steam-cracker population. 905 

 906 
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Why not allocating to all products, whatever “main products” or “co-products”? 907 

 908 

Some co-products are used as fuel or get back as feedstock so they do not carry more values than the 909 

steam-cracker feedstock, 910 

 911 

Why not having an open list of “main products” and “co-products”? 912 

 913 

All products, but particularly those being a small part of the total production, like for example, acetylene, tol-914 

uene, xylene, may undergo a huge environmental profile difference between being in one list or the other. 915 

As said before, for the sake of comparability, the list must be the same for all, limited and clear, even if it 916 

could be detrimental to the representativeness of some steam-crackers. By going through a consensual 917 

work, we have tried to minimize this consequence. 918 

 919 

 920 

 921 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

 930 

 931 

 932 

 933 

 934 

 935 

 936 

 937 

 938 

 939 

 940 


