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[bookmark: _Toc196207741]Call for Proposals
All incoming proposals will be evaluated, and the selected proposal will receive funding of up to $150,000 to deliver the web-based PMI-LCA App with Database within an 18-month period.
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[bookmark: _Toc196207742]Background
The Process Mass Intensity (PMI) - Life Cycle Assessment (LCA) focus team of the American Chemical Society (ACS) Green Chemistry Institute (GCI) Pharmaceutical Roundtable (PR) is seeking to develop a self-hosted web-based sustainability-metric calculation tool that expands on the functionality of the existing Excel-based Streamlined PMI-LCA tool. The tool will enable those engaged in Active Pharmaceutical Ingredient (API) process development to perform streamlined assessments without compromising the quality of the results.
The focus team is interested in creating (a) an open-access space where members of the public can freely use the tool without having their process data stored on a server, (b) a blinded members-only platform where focus team member companies can contribute to benchmarking studies by sharing sustainability data for API processes at various stages of development, and (c) firewalled versions which may be securely hosted on the private networks of each member company to mitigate data exfiltration concerns. Therefore, the ideal tool should be flexible enough to suit for several hosting and data retention scenarios.
The focus team has aligned on a set of user requirements for the new tool, which should address the following:
· Business and logistical challenges that prevent universal alignment on a single existing commercial solution for benchmarking purposes.
· Gaps and limitations of the current version of the Streamlined PMI-LCA Tool used by focus team members.
· Integration of calculation methods and scoring available only in disparate tools (e.g., merging the Streamlined PMI-LCA tool and the iGAL 2.0 Scorecard).
· Alignment with recent lifecycle Indicator (LCI) databases and globally accepted standardized calculation methods.
We encourage innovation and creativity in your proposal. Some aspects of the tool and user requirements may be more flexible than others – for example, there is a lot of leeway in what might constitute a good user interface, but the need for standardized calculation methods and specific lifecycle indicators are strict requirements.
[bookmark: _Toc196207743][bookmark: _Current_Version_of][bookmark: _Toc121234700]Background on Streamlined PMI-LCA Tool

The current Excel-based Streamlined PMI-LCA Tool[footnoteRef:1] is a high-level estimator of PMI and environmental LCA information that can be customized to fit linear and convergent processes for synthesis of small molecule active pharmaceutical ingredients (APIs). Unlike full cradle-to-grave LCA tools, it limits system boundaries to the raw materials for and synthesis of the API (i.e., it excludes formulation and drug product). The tool makes additional concessions and approximations: reducing user input to the absolute minimum and grouping classes of materials together in order to enable rapid assessments. Minimizing the time and effort necessary to use the tool is critical in allowing multiple process alternatives to be evaluated throughout development. This helps identify significant improvements in chemistries and processing methods. Therefore, the tool must be fast, straightforward, and require minimal user input.  [1:  Direct download link to the tool (requires Excel desktop application): 
https://acsgcipr.org/wp-content/uploads/2024/12/ACSGCI_PR_PMI-LCA_V07-2P.xlsx 
Direct download link to the quick-start guide:
https://acsgcipr.org/wp-content/uploads/2024/10/PMI-LCA-Tool-Quick-Start-Guide-for-V07.2.pdf ] 

An ecoinvent dataset v2.2[footnoteRef:2] was utilized as the source of the life cycle impact assessment (LCIA) data. The environmental footprint indicators displayed are: Mass Net, Energy, Global Warming Potential (GWP), Acidification, Eutrophication, and Water. Collectively PMI and the six LCA indicators will be referred to as Metrics. Definitions for each of the metrics are provided below. By default, the Streamlined PMI-LCA Tool will normalize steps to produce 1kg of API and display the contributions of steps and raw materials to each of the metrics in both tabular and graphical formats. [2:  https://ecoinvent.org/ ] 

[bookmark: _Toc196207744]Materials
To facilitate rapid data-entry, the current version of the Streamlined PMI-LCA Tool allows raw materials (RMs) to be categorized as common solvents, iGAL-aligned organic reagents, non-iGAL-aligned organic reagents, common inorganic materials, precious or recycled metals, and enzymes and plant extracts. Custom materials may also be defined if LCA indicators are known. Complex materials (those with components spanning two or more of the categories listed previously) may also be constructed by creating ‘virtual’ processing steps to combine RMs which fall into a single category (for example, solutions or metal-organic complexes). 

NOTICE
The ACS GCI Pharmaceutical Roundtable does not guarantee the accuracy of the calculations and accepts no responsibility for any consequence of their use. The ACS GCI Pharmaceutical Roundtable or American Chemical Society does not accept responsibility for any errors or omissions.
The Streamlined PMI-LCA tool is designed to provide solely an estimation of environmental footprint data for API manufacturing without knowing all details on future commercial supply-chains, logistics, and supplier-specific raw material data. Thus, certain details like transport emissions are excluded from calculations and only secondary environmental footprint datasets for raw materials, solvents, and other materials are used. These undergo yearly updates which can also heavily affect LCIA results. 

[bookmark: _Ref46236024][bookmark: _Toc121234702][bookmark: _Toc196207745]Metrics
The current version of the Streamlined PMI-LCA Tool calculates the specific set of metrics described below, which is a prioritized list from the selection of indicators addressed in the Environmental Product Declaration (EPD) system and the Product Environmental Footprint (PEF) initiative. The metrics in the Streamlined PMI-LCA Tool are either directly calculated from the entered processing steps (e.g., PMI and COG) or calculated by using that process information to produce a weighted sum of the LCIA values from ecoinvent (e.g., Mass Net, Energy, GWP, Acidification, Eutrophication, and Water). The metrics do not capture or describe utilities, waste products, or emissions from the process or from treatment of process waste streams. Added features like solvent waste recycling may be added in the future, though.
[bookmark: _Process_Mass_Intensity][bookmark: _Ref46241021][bookmark: _Toc121234703]Process Mass Intensity (PMI)
The total mass (in kg) of raw materials required to produce one kg of the API. 
[bookmark: _Life_Cycle_Assessment]Life Cycle Assessment (LCA)
The following metrics constitute the streamlined life cycle assessment performed by the PMI-LCA tool. 
[bookmark: _Mass_Net][bookmark: _Ref44238688][bookmark: _Toc121234704]Mass Net
The total mass (in kg) of resources required for production of the raw materials needed to make one kg of the API. This excludes the mass of water consumed, which is calculated separately in the Water metric. This is a weighted sum of the LCIA data for each raw material.
[bookmark: _Energy][bookmark: _Ref44238695][bookmark: _Toc121234705]Energy
The total energy (in MJ) required to produce the raw materials needed to make one kg of the API. This is a weighted sum of the LCIA data for each raw material and does not include energy expended in the processing steps entered in the PMI-LCA Tool. 
[bookmark: _Global_Warming_Potential][bookmark: _Ref44238707][bookmark: _Toc121234706][bookmark: _Hlk46321907]Global Warming Potential (GWP)
The total carbon emissions (in kg CO2 equivalents) associated with the production of the raw materials needed to make one kg of the API. This is a weighted sum of the LCIA data for each raw material and does not include any emissions from the processing steps entered in the PMI-LCA Tool.
[bookmark: _Acidification][bookmark: _Ref44238713][bookmark: _Toc121234707]Acidification
A measure of the propensity for raw material production to release protons into the environment (in kg SO2 equivalents). This is a weighted sum of the LCIA data for each raw material and does not include any emissions from the processing steps entered in the PMI-LCA Tool.
[bookmark: _Eutrophication][bookmark: _Ref44238720][bookmark: _Toc121234708]Eutrophication
A measure of the propensity for raw material production to release nutrients (nitrates, phosphates) into the environment (in kg phosphate equivalents). Eutrophication can cause hypoxia, algal blooms, and other negative environmental shifts. This is a weighted sum of the LCIA data for each raw material and does not include any emissions from the processing steps entered in the PMI-LCA Tool. 
[bookmark: _Water][bookmark: _Ref44238728][bookmark: _Toc121234709]Water
The total mass (in kg) of water required for production of the raw materials needed to make one kg of the API. This is a weighted sum of the LCIA data for each raw material.
[bookmark: _Toc121234710][bookmark: _Toc196207746]Acknowledgements
[bookmark: _Hlk46320285]The Streamlined PMI-LCA Tool was originally created by DSM and GSK. It was further customized by AstraZeneca, and most recent improvements were provided by Merck and Co.
[bookmark: _Toc196207747]Summary of the iGAL 2.0 scorecard
[bookmark: _Proposed_user_requirements]The iGAL 2.0 Scorecard Calculator is a tool designed to evaluate the greenness of pharmaceutical manufacturing processes. Developed through a collaboration between the IQ Consortium, ACS GCI PR, and academic collaborators, it uses statistical analysis of 100 bulk active pharmaceutical manufacturing processes across 13 companies to provide access to a Relative Process Greenness (RPG) score. This score helps compare different processes and their associated waste reductions, guiding improvements in green chemistry and engineering. Available on the ACS GCIPR website, the calculator uses the PMI output from the PMI-LCA tool and the salt-free molecular weight of the API to determine the RPG score of the process and present it graphically. We aim to integrate the iGAL 2.0 Scorecard Calculator with the Streamlined PMI-LCA tool in the new Web-based PMI-LCA App.
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