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User requirements
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We encourage innovation and creativity in your proposal. Some aspects of a Streamlined PMI-LCA 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. 
The Proposed User Requirements (PUR) for the Web-based PMI-LCA App with Database have been categorized into four groups.  
[bookmark: _Toc175126237]PUR Categories

· User Interface
This category relates to the visual and interactive elements of the tool and the methods by which users interact with it to enter information, execute calculations, or query results.

· Calculation Methods
This category relates to the specific methodology for assessing process sustainability and potential environmental impact including the particular metrics used or standards followed, and we math and logic underpinning the tool’s basic operation. 

· Output/Reporting
This category relates to the plots, tables, downloadable elements (figures, reports, etc.) which contain or describe processes entered into the tool, or assessments of sustainability thereof. This section also relates to any ‘drill-down’ features embedded within those reporting elements which allow users to navigate a hierarchy of information within a calculation to i.e., navigate from a high-level data overview to a detailed assessment of an individual metric, unit operation, or raw material. 

· Other/Misc
This category relates to any features or elements which do not align with the other three categories, as well as specifically features related to Application Programming Interfaces (API)s for get/pull operations to exchange instructions or data with databases or other applications such as electronic laboratory notebooks. This category also includes discussion of specific datasets and licensing requirements. 

[bookmark: _Toc175126238]Ranking and Prioritization levels
Each proposed user requirement has been ranked by the focus team members according to priority with the following nested prioritization levels:
· Prefer to have included in the tool
· Must-have
· Required for minimum-viable product.
· Nice-to-Have
· Great but not required for a minimum-viable product.
· Prefer not to have included in the tool
· Detrimental
· Might compromise the objective.
· Out-of-Scope
· Not relevant to the mission of streamlined PMI and LCA assessments to support process development.
· Too complex for roundtable alignment.
· Features which member companies should seek to add to their own internal version of the tool, by working privately with the vendor and their own IT teams. 
Some aspects may fall into multiple categories or be otherwise linked. For example, being able to compare different representations of a process would fulfill a number of requirements listed below, including being able to compare process versions to find data entry discrepancies, to track improvements in process metrics over the course of development, and to evaluate different scenarios of slight variations of solvent or reagent charge amounts or yields within a step. 




	#
	Requirement Name
	Description
	Category
	Priority
	Response

	1.1
	Flexible, systematic data entry
	Handles different process topologies, easy to edit inputs in order to see how they change outputs. 
	User Interface
	Must-have
	

	2.1
	Save-as-you-go for webapp data entry
	Able to refresh the page, hit ‘back’ in browser without losing work. 
	User Interface
	Must-have
	

	3.1
	Data validation and error checking, useful warnings
	Check and highlight missing or incorrect data fields entered by user. Remind users to use identical naming for each instance of same compound if tool requires it. Alert to case sensitivity, blank spaces, etc. 
	User Interface
	Must-have
	

	3.2
	Data validation and error checking, useful warnings

	Custom naming or tagging of materials. For example, it is sometimes useful to distinguish the same solvent from steps with different quality requirements, or to differentiate the solvent within steps which can or cannot accept recycled streams. 
	User Interface
	Must-have
	

	4.1
	Overview
	A simple and easy-to-use overview of inputs as well as presentation of results is mandatory.
	User Interface
	Must-have
	

	5.1
	Equation input possible, not required

	Often it is necessary to specify masses by including manual calculations which should update dynamically. Several types of calculations are commonplace and might be suggested to a user to reduce the complexity of data entry – for example partitioning the components of a complex raw material, calculating the mass of a solution based on its concentration or density, or calculating the mass of an output based on a particular limiting reagent and an assay yield. 
	User Interface
	Must-have
	

	6.1
	Data entry – alternative solutions

	Enable alternative ways to specify reagents, solvents (e.g. CAS #, text with auto-completion based on typing initial characters, drop-downs, etc.). Standard cut/copy/paste functions should be supported. Common names for materials (e.g., MeOH, meoh, methanol, methyl alcohol) should all link to the same actual material.

	User Interface
	Must-have
	

	7.1
	Set key parameters by default
	Default parameters should be sufficient to perform a calculation, and more complex features (such as entering a manual calculation) should not have to be ‘de-selected’ if they are not used. 
	User Interface
	Must-have
	

	8.1
	Drop down menus or drill-down input assistance

	Input menus should use dropdowns or suggested inputs to reduce the time required to find a desired option, and to reduce the likelihood of data-entry errors. For example, the current tool uses a drop-down menu to select an LCA data source class, and then a subsequent dropdown menu provides specific LCA data source subclass options based on the first menu. E.g., Selecting “common solvents” subsequently provides a list of solvents which can be selected.
	User Interface
	Must-have
	

	9.1
	Only required inputs are the materials & masses - all others optional
	E.g., cost of goods, distance traveled, utilities, HVAC are not required but could be added…

	User Interface
	Must-have
	

	9.2
	Only required inputs are the materials & masses - all others optional
	May be possible to add user-defined categories for supplemental data
	User Interface
	Must-have
	

	10.1
	Preselection of materials, utilities, wastes

	Possibility to select carbon intensities from the LCA database (for raw materials, not for other types of inputs)

	User Interface
	Must-have
	

	11.1
	Reduce Complexity

	Present the bar-minimum user-interface by allowing users to specify which calculations, reports, or metrics are required, and expanding additional inputs or interaction areas for just those additional features.
	User Interface
	Nice-to-have
	

	12.1
	Step-by-step instruction

	Provide detailed user instructions and useful tooltips. 
	User Interface
	Nice-to-have
	

	13.1
	Process stage comparison

	Allow users to specify the development stage or version of a process and track improvements that are made over different iterations. 
	User Interface
	Nice-to-have
	

	14.1
	Building-blocks approach and automatic creation of custom materials

	Allow users to model parts of a process lifecycle as a sub-unit which can be re-used in assessments. A library of such components could be saved and drawn from to build more complex processes, or made available as ‘custom materials’ with calculated PMI and LCA values. This would effectively accomplish a function similar to the ‘virtual steps’ feature for constructing complex raw materials in the current Streamlined PMI-LCA Tool, but make it simpler to refer back to those materials. 
	User Interface
	Nice-to-have
	

	15.1
	Number and arrangement of input rows

	Allow flexibility in the number of ‘rows’ or steps, or the number of raw materials within a step. Rows or inputs could be specified at the beginning of interaction, or added dynamically as needed. Optionally inputs could be reordered for organizational purposes using a drag-and-drop interaction, or with up/down arrow icons. Optionally, inputs could be inserted above or below a selected row. 
	User Interface
	Nice-to-have
	

	16.1
	Data Entry UI

	Easy-to-use and interactive form for data entry as part of the tool. A data entry template Excel file using drop-downs to provide some user interactivity for data entry (with calculations performed later in a webapp to which the file is uploaded) would be the simplest option to achieve this, though it would not provide additional feedback based on calculated results, nor the ability to adjust process data ‘on the fly’. 
	User Interface
	Nice-to-have
	

	17.1
	Ability to adjust process data “on the fly”

	Instead of uploading a ‘data entry template’, having native data entry in the webapp would be preferred. In this manner, in addition to having drop-down style user interactivity during data entry, users would have real-time feedback on the status of their entire project and calculation. In short, enabling a user to view the current process and make adjustments within the tool to get immediate results of those changes displayed is desired.
	User Interface
	Nice-to-have
	

	18.1
	Visual grouping of data entry
	The tool should be visually organized to make it easy to identify and differentiate steps, solutions, materials, calculated results, etc. 

	User Interface
	Nice-to-have
	

	19.1
	Use existing industry-standard LCA methods where available

	The tool should leverage and support existing standards for calculations. For example, IPCC2021 GWP, ISO14040 / GHG, EF 3.1, or ReCiPe protocols and methods. Straightforward explanations should be included in documentation or tooltips. 

	Calculation Methods
	Must-have
	

	20.1
	PMI & LCA with step rescaling to 1kg

	The tool must at least perform the calculations currently available in the Streamlined PMI-LCA Tool, including:
· Rescaling processes from whatever scale at which they are entered to 1kg of output.
· Recycling of main step product (e.g., seed charges into a crystallization).
· PMI.
· LCA with the current indicators (e.g., embodied emissions of RMs).
· Documentation or tooltips for indicators should explain where the data for calculations are coming from, especially in the cases where numerous different possible methods exist (e.g., water depletion or energy consumption metrics). 
	Calculation Methods
	Must-have
	

	21.1
	iGAL 2.0 scorecard

	The tool must be able to determine if raw materials meet the iGAL standard (less than $100/mol) – possibly with assistance by checking online databases (e.g., Reaxys). 
	Calculation Methods
	Must-have
	

	21.2
	iGAL 2.0 scorecard
	The tool must be able to perform the calculations in the iGAL 2.0 scorecard, including, 1) Green Aspirational Level in terms of PMI and GWP, and 2) Convergence and linearity of a process
	Calculation Methods
	Must-have
	

	22.1
	Side-stream recycle

	It is important that the tool continue to scale the process to 1kg of output based on the sythesis ‘backbone’ (i.e., chemical structures that end up in the final product), but allowing side-streams or co-products such as waste or solvent streams (e.g., mother liquors, distillates, liquid-liquid-extraction layers, etc) to be recycled as inputs would be beneficial. 
	Calculation Methods
	Must-have
	

	23.1
	Emission factors for common reagents

	Include the emission factors and LCA indicator values for common reagents and organometallic compounds (catalyst-ligand complexes, etc.) if available, or allow for these to be calculated and stored in a collection of custom materials.
Examples include: 
· Pd2dba3, pd(Oac)2, Pd(PPH3)4
· Common ligands
· Pd/C, Pt/C
· BuLi, MeMgBr
· Etc.
	Calculation Methods
	Must-have
	

	24.1
	Capability to regularly update and align with most recent emission factors
	Updating the LCIA values in the current tool is prohibitively difficult due to the lack of a direct link with the LCIA database provider.

	Calculation Methods
	Must-have
	

	25.1
	Suggest methods to eliminate data gaps

	One requirement for benchmarking is to have consistent cradle-to-gate PMI and LCA assessment. If data gaps exist, or require too many layers of crude approximations, building reasonable benchmarking datasets and comparing processes becomes impossible. Therefore, if data gaps exist, or if a raw material is ‘non-iGAL-aligned’, suggest estimation methods for the PMI and LCA values for those materials – for example, using the “literature step-count method” (see  https://pubs.acs.org/doi/10.1021/acssuschemeng.1c01940, Supporting Information §1.1) .
	Calculation Methods
	Must-have
	

	26.1
	Upgrade “Enzymes and Plant Extracts”

	The current category of “Enzyme and plant extracts” should be split and updated to reflect biological extracts vs cell culture products. The current tool’s emission factors for this category are too low by a factor of 10-100, based on recent data. 
	Calculation Methods
	Must-have
	

	27.1
	Waste treatment emissions

	Estimate emissions associated with waste treatment. Based on the mass and characteristics of waste streams. Does not need to be regionally accurate – a ‘universal approximation’ would suffice. 
	Calculation Methods
	Nice-to-have
	

	28.1
	Regional or local emissions factor data

	Allow refinement of estimates based on location or market to account for the large regional differences between emission factors based on local electricty mixes (RE), level of plant integration, or performance of the circular economy. 
	Calculation Methods
	Nice-to-have
	

	29.1
	Biodiversity factor
	Include biodiversity impact estimates based on ReCiPe methodology. 
	Calculation Methods
	Nice-to-have
	

	30.1
	Extended inventory for common chemicals
	Expand the iGAL, non-iGAL, and common-inorganic reagent categories with specific LCIA data for the most commonly used reagents.
	Calculation Methods
	Nice-to-have
	

	30.2
	Extended inventory for common chemicals
	Intelligent rules or assumptions should be used to assign emission factors to RMs with the bare minimum of user input, and material-specific emission factors should be used where available. 
	Calculation Methods
	Nice-to-have
	

	31.1
	“Pharma-grade” emission factors

	Refine the LCIA values and emission factors to reflect the tighter quality specifications and greater processing requirements for pharmaceutical raw materials over other commodity chemicals.
	Calculation Methods
	Nice-to-have
	

	32.1
	Calculate-as-you-go
	Show the impact of data entry in real time where possible. For example, it should be possible to show and update step PMIs as soon as a single input and output are defined, and update the value in real-time as raw materials are added or their masses are adjusted. 
	Calculation Methods
	Nice-to-have
	

	33.1
	Ability to add multiplicative factors

	Once Product Category Rules (PCR) for the Pharma sector are defined, additional LCA data will be available, including on more complex starting materials and chemicals. Ideally, the tool would be able to link to the associated databases when they are available. 
	Calculation Methods
	Nice-to-have
	

	33.2
	Ability to add multiplicative factors

	The tool should have provisions to add additional multiplicative factors to perform other calculations, such as cost-of-goods, or other ad-hoc calculations as needed. 
	Calculation Methods
	Nice-to-have
	

	34.1
	Energy Emissions

	Optional ability to model process energy based on process parameters. Model facility energy based on benchmark data and scale. Assign energy emission factors based on gas/electricity and the production methods or geography. For example, could reference the GREET model from Argonne National Lab which covers some of this. 
	Calculation Methods
	Nice-to-have
	

	35.1
	AI/ML emission factor modeling

	Ability to fill data gaps by communicating with AI/ML models to infer missing emission factors based on chemical structures. The ability to communicate with external models is in-scope, but the tool does not necessarily need to contain its own ML emission factor models. 
	Calculation Methods
	Nice-to-have
	

	36.1
	iGAL checker

	If a raw material is found not to meet the iGAL 2.0 standard, the tool may make data-quality suggestions to the user accordingly (i.e., suggest an estimation method, or flag the raw material). 
	Calculation Methods
	Nice-to-have
	

	37.1
	Abiotic Depletion factor
	Additional impact category for the consumption of non-renewable/limited fossil resources. 
	Calculation Methods
	Nice-to-have
	

	38.1
	Scenario simulation

	Creation of different scenarios by combining or comparing different versions of steps or charges. For example, allowing a user to compare a process with two different versions of “step 3”. 
	Calculation Methods
	Nice-to-have
	

	39.1
	Carbon footprint
	Emission factors must include biogenic and fossil carbon emissions
	Output/Reporting
	Must-have
	

	40.1
	Process comparison
	Load and compare different processes or versions to find data entry discrepancies or compare process improvements, perform trend analysis, and summarize key performance indicators. 
	Output/Reporting
	Must-have
	

	41.1
	Graphs and tables

	Simple overviews and detailed visualizations are both needed, as in the existing Streamlined PMI-LCA tool. Some templated visualizations should be provided with minimal user interaction required to produce similar-looking outputs across different processes being analyzed. Low-yielding steps should be highlighted, or otherwise be easily pinpointed.
	Output/Reporting
	Must-have
	

	42.1
	Display synthetic scheme

	The tool must be able to display a representation of the process that resembles a synthetic chemistry scheme, with legible chemical structures, even if a large number of raw materials are present.
	Output/Reporting
	Must-have
	

	43.1
	Pinpoint hotspots

	It should be possible to display metrics or rank-order steps or raw materials by descending impact to the process so that it is easy to visually identify sustainability hotspots within the process.
	Output/Reporting
	Must-have
	

	43.2
	Pinpoint hotspots

	Highlight major contributors by chemical and by step. For example, if the process is displayed as a force-directed graph or synthetic scheme, node sizes could be displayed as proportional to the PMI, GWP, or other metric contributed by a given reagent, step, or unit operation. The same principle applies to bar graphs, or other standard visualizations. 
	Output/Reporting
	Must-have
	

	44.1
	Export plots and reports

	The tool should have the ability to export a report or individual plots as a CSV (for reprocessing of data in other utilities), an Excel file (e.g., for editing plots if tool lacks built-in functionality), or static images (for including directly in presentations and reports). If reports are exported, some templating for customizability and formatting should be possible.
	Output/Reporting
	Must-have
	

	45.1
	Drill-down analysis

	When evaluating results within the tool, it should be possible to ‘drill down’ into the analysis by 
· selecting a chemical to see its contribution to each step, and its impact across the process.
· selecting a process fragment, which should reveal the sub-steps or unit operations. Selecting a unit operation should then reveal the materials charged to that step.
	Output/Reporting
	Must-have
	

	46.1
	Sensitivity and uncertainty analysis
	Provide	some indication of data quality and reliability of the results relating to uncertainty of the LCA source data. 
	Output/Reporting
	Must-have
	

	47.1
	Solvent classification

	Classify solvents based on ACS sustainability guide and generate relevant statistics (e.g., what percentages of the solvent used in a process are in the red category). 
	Output/Reporting
	Must-have
	

	48.1
	Environmental footprint

	If LCI database licensing permits, the tool may provide all 16 impact categories as a heatmap as well as a single aggregate score (normalized and weighted according to the emission factor method).
	Output/Reporting
	Nice-to-have
	

	50.1
	Visualization re-load/edit/re-export
	The tool may have the ability to reload a report file in order to make small edits to prior plots or user templates.
	Output/Reporting
	Nice-to-have
	

	51.1
	Convert emission values to ‘lay-person’ terms for high-level context

	Where feasible, the tool should provide helpful explanations that anyone who is not an LCA practitioner can understand – for example presenting GWP as a number of trees, gallons of gas, or similar. The EPA has a reference calculator available here. 
	Output/Reporting
	Nice-to-have
	

	52.1
	Select the metrics to display

	The tool should provide configurable options to hide metrics that are of interest, or to ensure that metrics which are of interest are displayed. 
	Output/Reporting
	Nice-to-have
	

	53.1
	Duplicate/Clone/Save-As-Copy

	The tool should allow users to quickly clone a completed project and make incremental changes instead of having to start afresh (e.g., for different campaigns or slight variations on a process). 
	Other/Misc.
	Must-have
	

	54.1
	Database integration for processes and metrics

	Ability to save at minimum processes and calculations in a local or cloud-hosted relational database service to assist in organizing processes and results, updating calculations, data retrieval for trend reporting, and future ML or other model training activities. 
	Other/Misc.
	Must-have
	

	55.1
	Case examples

	Showing an example process within the tool will be helpful for new users to get started by modifying an existing example to fit their own case rather than creating a new file from scratch for the first time. 
	Other/Misc.
	Must-have
	

	56.1
	Shared code, scalability

	The ACS should be able to manage and host (either locally or via a cloud services provider) a joint version of the tool with shared access to focus-team members, and each member company should be enabled to host their own private copy which could be modified to suit their company-specific needs and ensure that each company is able to maintain full control over proprietary process descriptions and associated sustainability data. 
	Other/Misc.
	Must-have
	

	57.1
	Get/Put API for integration with other IT infrastructure

	The tool should provide the handles needed for focus-team member companies to configure the tool to query their electronic lab notebooks (e.g., ELN or Signals/Revvity). Member companies should be able to integrate their copies of the tool with BioBVIA and other independent calculation tools that each company may wish to develop independently. 
	Other/Misc.
	Must-have
	

	58.1
	SSO Possible

	The tool should not be configured in a manner that would preclude implementation of single-sign-on (SSO) authentication by focus-team member companies. 
	Other/Misc.
	Must-have
	

	59.1
	“Cleaning” as a virtual step

	The tool may make allowances for cleaning operations, which consume raw materials but may scale differently than the rest of the processing steps. 
	Other/Misc.
	Nice-to-have
	

	60.1
	Material categorization by unit op, step, and input type

	Materials are assigned by user and/or tool to belong to a particular unit operation, and are categorized as solvent, water, organic reagent, etc., in a manner similar to the current Streamlined PMI-LCA Tool. 
	Other/Misc.
	Nice-to-have
	

	61.1
	Intelligent file structure 

	The tool should support file and project organization that aligns with pharmaceutical projects (e.g., function > project > stage of development)
	Other/Misc.
	Nice-to-have
	

	62.1
	Database storage of user-defined RMs

	Users should be able to store the lab-scale cost (for checking iGAL alignment), the bulk cost (for cost-of-goods), custom LCA information, molecular weight, density, etc. for materials that are not in public databases. 
	Other/Misc.
	Nice-to-have
	

	63.1
	Scheme-first user interface

	As an alternative to defining steps in a list or table, users could define an overall process as an arrow scheme initially and then fill in details for each step incrementally.
	Other/Misc.
	Nice-to-have
	



Prefer not to have included in the tool
	64.1
	Nuisance pop-up messages

	The current Excel-based Streamlined PMI-LCA tool uses popup messages to provide tooltips for new users. Unfortunately, these make it difficult to interact with the tool and they occupy otherwise useful screen real estate. The new tool should avoid this pitfall. 

Limited popups may be appropriate for alerting users to critical errors. 

	User Interface
	Detrimental
	

	65.1
	Too much manual-input required for material ‘metadata’

	The tool should not require excessive user interaction to enter metadata for materials. In the current Streamlined PMI-LCA Tool, selecting a known common solvent (for example, methanol) requires first selecting “common solvents” from the LCA Data Source Class dropdown. If other material entry methods are incorporated into the tool, it should be sufficient to start typing “methanol” without having to explicitly clarify that it is a solvent. 
	User Interface
	Detrimental
	

	65.2
	Too much manual-input required for material ‘metadata’

	Similarly, if dropdowns are used and only one value is available, or valid, that should be selected automatically. In the current tool, selecting an ‘iGAL-aligned organic reagent’ requires a second step to manually select the ‘default iGAL-aligned organic reagent,’ even though it is the only option if the user has not defined their own additional iGAL-aligned organic reagents in the materials database. 
	User Interface
	Detrimental
	

	66.1
	GMP User access management

	This is out of scope, each focus team member company should handle this individually in alignment with their rules, methods, and infrastructure. 
	User Interface
	Out-of-Scope
	

	67.1
	LLMs and other AI language models

	Incorporation of language models is currently out of scope because it could hinder adoption of the tool due to the complex and rapidly evolving landscape of rules and guidance related to the use of such models within ACS GCI PR member organizations. 
	Calculation Methods
	Detrimental
	

	68.1
	Information overload with visible calculations

	Users of the current Streamlined PMI-LCA Tool do not like the default state of being able to see all of the calculation cells for the ‘behind-the-scenes’ operation of the tool because it is overwhelming and it introduces the opportunity for users to mis-click and alter or break a calculation. Calculations should be hidden by default and/or easily restored if altered. Custom calculations entered by users to define charge masses (for example to define the mass of a solute in a solution by mol%) are not subject to this requirement.
	Calculation Methods
	Detrimental
	

	69.1
	SDS Lookup and data integration

	One could imagine a feature of the tool to pull up material Safety Data Sheets (SDS) by CAS# and flag hazardous materials or compile hazard classifications for process streams. This is considered out-of-scope for this project. 
	Calculation Methods
	Out-of-Scope
	

	70.1
	Suggesting alternate chemistry

	Retrosynthetic analysis and/or other methods to suggest alternate chemical routes are out of scope for this project. 
	Calculation Methods
	Out-of-Scope
	

	71.1
	Vendor suggestion
	The tool should not suggest vendors for raw materials.
	Other/Misc.
	Out-of-Scope
	

	72.1
	Collaborative real-time editing

	Provisions for simultaneous editing of files by multiple users (as in some Google Docs or Office 365 products) are out of scope. Project files which are opened by one user should be locked against editing by other users. 
	Other/Misc.
	Out-of-Scope
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