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[bookmark: _Toc204345807]Abstract
This project investigates how the implementation of the electronic prescription service (EPS) in Wales has impacted carbon emissions. The main aim was to evaluate the carbon savings through using spatial modelling and real-world health care data. The objectives were to analyse the transport related emissions, model the paper reduction, and develop an EPS assessment framework that is scalable. 
Mixed methods were used having both GIS based drive length analysis and Power BI visualisations, alongside python modelling. The Cadwgan GP Practice and its associated pharmacies have been used as a case study to estimate carbon savings and apply them to a national scale. The data in this project has been sourced from DHCW NHS, Ordnance Survey, and DERFA. 
The results show that EPS implementation in Wales has reduced both the paper and transport emissions as expected. Cadwgan’s average CO2 saving per item was 0.17147 kg leading to an estimated 57,332.68 kg saving across Wales. Based on the repeat prescriptions done electronically, over 1300 kg of carbon has been saved through paper alone. 
The project clearly shows that the EPS is a realistic tool to be used in reducing carbon emissions within the healthcare sector. It recommends that the EPS be implemented across Wales, with a prioritisation for the repeat prescriptions being digital, and the optimisation of pharmacy delivery routes. The framework ensures that the project is reusable and easy to implement by other areas or health systems that want to evaluate similar situations and improve environmental impact. 
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[bookmark: _Toc204345809]1. Introduction
The healthcare sector amounts to a large proportion of global carbon emissions through the transportation, paper usage, and inefficient supply chains. Climate change is an increasing concern globally and healthcare systems are required to address their impact [5][6]. The Electronic Prescription Service (EPS) is a digital tool that allows the GP to send the prescription to the pharmacy digitally, which improves, safety, efficiency [21][22]. The Electronic Prescription Service is one method that could reduce carbon emissions by using digital technology, reducing paper consumption and transportation emissions [5][6]. 
This project explores the environmental impact of the implementation of the EPS in Wales, and how it can reduce carbon emissions. The industrial project partner is Digital Health and Care Wales (DHCW) NHS who are involved in using digital tools and techniques to improve healthcare [49]. DHCW have provided access to anonymised prescription data, GIS mapping tools and analytical tools to do thorough research and get reliable results. 
The main research question is: To what extent has the implementation of the Electronic Prescription Service (EPS) in Wales contributed to reducing carbon emissions, and how can this impact be quantified and scaled?
The following objectives were created to investigate this: 
1. Use GIS software to generate drive-length figures. 
2. Analyse the transport related carbon emissions being saved. 
3. Model paper usage reduction using regression analysis in Python to estimate the carbon savings with digital prescriptions. 
4. Create a reusable EPS assessment framework that can be easily replicated to other data/situations. 
5. Make policy recommendations for increasing the EPS rollout and increasing the environmental and sustainability benefits. 
A case study on Cadwgan GP Practice has been used due to having more complete data than other practices due to the early EPS implementation. The analysis of this GP practice was scaled to an all-Wales level to show the scalable aspects of the project and estimate the carbon savings across Wales. 
This project has the potential to inform national policies and support the NHS net-zero by 2030 goals [9]. 

















[bookmark: _Toc204345810]2. Research and Review of Literature
[bookmark: _Toc204345811]2.1 The Evolution of Prescription Services and their Carbon Footprint
The health care sector is a significant contributing factor to increasing carbon emissions globally. The effect on the environment is being recognised and the sector is now making a conscious collective effort to decreasing its influence. The Electronic Prescription Service (EPS) is one of the interventions being implemented with the aim of reducing carbon footprint, whilst improving access to health care for patients. 
[bookmark: _Toc204345812]2.1.1 Traditional Paper-based Prescription Systems
Prior to the adoption of digital systems, the prescription systems were paper based, which was detrimental to the environment for multiple reasons. The process involved a prescription being written on paper, given to a patient to take to a pharmacy, and the pharmacy dispenses the medication and archives the paper. 
The prescription paper itself isn’t the only contributing factor to decreasing carbon footprint in this field, because of the paper informational leaflets required to be provided with every prescription [2]. The United States alone uses 90 billion sheets of paper annually to meet the regulations and demand. This paper usage has damaging environmental effects including 10,000 trees being destroyed, 8.5 billion pounds of carbon being released (equivalent to the emissions from 750,0000 cars annually), 12.3 million BTUs of energy consumed, and 585 million pounds of physical waste [19]. Paper prescription slips are a highly damaging aspect, but not the only issue for the environment in the prescribing industry.  
Traditionally, patients are required to travel to multiple destinations including to the prescriber for their paper slips, and then the pharmacy. These journeys equate into transportation emissions. Some patients may be required to go to multiple different pharmacies depending on stock levels, others living in rural areas might need to travel larger distances, and those with chronic illnesses require frequent medication refills so make journeys more often, each negatively impacting on patient carbon footprint [20]. The pharmacies themselves require regular shipments of stock meaning that transportation emissions are generated by the delivery companies. 
Stock is harder to manage when it is documented on a paper-based system as aspects such as expiry dates not being managed leading to wastage through out-of-date products. The lack of real-time data for stock can also lead to issues with having too much or too little of certain products which could result in further waste, and unnecessary transportation emissions [17]. 
[bookmark: _Toc204345813]2.2 The Transition to Electronic Prescription Services (EPS)
[bookmark: _Toc204345814]2.2.1 Introduction to EPS and its core functionalities
The utilisation of digital products in healthcare has quickly become popular in recent years particularly through the implementation of an Electronic Prescription Service. The main features included are electronic prescription generation, secure communication with pharmacies, electronic processing by the pharmacies, and better documentation keeping through digital means [21]. This system reduces the amount of paper being used by the health care sector entirely and it also enables lesser travel distances for the patients between the healthcare providers and the pharmacies [22]. The more advances' EPS systems can incorporate connections to clinical decision support systems, drug interaction checking and medication reconciliation meaning that patient's safety is also improved whilst reducing waste from prescription errors or medications that would have been inappropriate or unused [21]. 
[bookmark: _Toc204345815]2.2.2 Adoption trends in different healthcare systems
The implementation of EPS has not been consistent across healthcare systems globally so there is a lack of data available from some countries. One of the countries to recently implement the EPS is Wales, United Kingdom in November 2023 with the Lakeside Medical Centre in Rhyl sending its first prescription to a nearby pharmacy [4]. 
Wales has demonstrated how quickly the implementation of EPS has an impact. In January 2024, 860 items had been prescribed through this new method, and by February 2025 they had prescribed over 1 million items. In 2025, Wales announced that every health board had some GP’s and Pharmacies enrolled to EPS which they declared a milestone. The head of medicines programmes at Digital Health and Care Wales, Laurence James, said that “all community pharmacy PMR systems in Wales have now completed the necessary assurance activities to begin receiving digital prescription from GP practices” which shows that Wales has the foundations to roll out completely across the country [4]. 
[bookmark: _Toc204345816]2.2.3 The expected benefits of EPS in reducing waste and emissions
Carbon emissions are lessened using an EPS in many ways. The direct impact had through becoming digital and not using paper reduces the physical resources used by the health care sector. Pharmaceutical leaflets are beginning to publish on the lesser carbon emissions through lower paper usage [2].
Transport emissions are also decreasing through the EPS implementation due to no longer needing to collect paper prescriptions from a GP and then going to the pharmacy. For patients with chronic illnesses, they are now able to do less frequent journeys. The health minister Sarah Murphy said that “This digital service is making life easier for patients across Wales while helping our dedicated healthcare professionals work more efficiently, and this shows the benefits are not only for the environment but also for patients and healthcare staff working in Wales [4]. 
The EPS also has improved how medication and pharmacies are being managed. The EPS can give real-time data such as informing on prescription patterns which can improve the stock management and reduce wastage from medication that is expiring. The EPS programme oversight chair Jenny Pugh-Jones said that her team is “working incredibly hard with primary care colleagues, community pharmacy and software partners to make this vision a reality across Wales” which shows the importance of collaboration in Wales to get the most benefits from the EPS implementation [4]. 
[bookmark: _Toc204345817]2.3 Global Case Studies on EPS Adoption
There is a lack of case studies available on EPS adoption since it is a more recent implementation. However, the NHS in the UK has been pushing the implementation with NHS England reporting a reduced health and social care climate footprint including scopes 1,2 and 3 by 18.5% since 2007 [6]. This figure is representative of all aspects of NHS not just the EPS impact, but it shows how digital can impact the health care sectors carbon footprint. 
[bookmark: _Toc204345818]2.3.1 Success stories from countries with established EPS (e.g., UK, Sweden, USA)
In England over 90% of GP practices have EPS implemented and over 1 billion Electronic Prescriptions have been made [23]. The pharmacy first initiative links the EPS to community pharmacies which allows the patients to get treated on common conditions without going to see a GP [24]. This has reduced unnecessary travel and improved the access to health care which is the goal. 
In Sweden, the EPS has been combined with a national e-health programme which has been running since early 2000s, meaning that they have had a long-running programme with a lot of data [25]. The system allows real-time information, prescription tracking, less medication errors, and better patient care. Sweden EPS is linked with personal records which allows for great communication between prescribers and dispensers [25]. 
America has started using EPS under the Health Information Technology for Economic and Clinical Health (HITECH) Act and over 80% of prescriptions are now sent digitally [26]. Adverse drug events have been reduced, and medication safety has improved [26]. 
[bookmark: _Toc204345819]2.3.2 Comparative Analysis of Implementation Challenges
There are usually concerns about data security and patient consent which delay the implementation of relatively new and unknown systems [23]. Other healthcare workers are hesitant due to low digital literacy skills and no training [27]. 
Sweden is very digitally advanced, yet they still faced challenges with ensuring different dispensers could align their systems. The decentralisation of healthcare services made it hard to standardise the EPS in different areas [28], 
America has faced issues where there’s no patient identifier available and there being too many different types of health record systems. The smaller GP practices also struggled with the financial costs of setting up EPS [28].
[bookmark: _Toc204345820]2.3.3 Lessons learned from other Healthcare Systems
Countries including the UK and Sweden similarly implemented EPS as part of national health strategies, and they experienced smoother implementation and higher implementation rates than other countries [28]. 
EPS should be standardised so that different health recording systems can co-operate seamlessly, and this helps the scalability and efficiency of the systems [27]. 
Healthcare providers must be honest and transparent about the data privacy of their systems because this helps encourage public support and better widespread implementation when the patients are engaged and trusting [28]
[bookmark: _Toc204345821]2.4 Carbon Emissions in Healthcare and the Role of EPS
[bookmark: _Toc204345822]2.4.1 Environmental Impact of Healthcare Operations
The impact of the health care sector on emissions is frequently overlooked. The Healthcare Climate Footprint Report states “If the global healthcare sector was a country, it would be the fifth largest greenhouse gas emitter on the planet” [5].  4.4% of the global net emissions are linked to the healthcare sector which is the same as 2 gigatons of carbon dioxide [6]. This sector has a responsibility to lowering their impact and the use of digital products has given them an opportunity to do this. 
Carbon is produced by day-to-day operations, transport, supply, and wate in this industry. Aspects such as lighting, temperature, equipment, and digital infrastructure are overlooked aspects that contribute to the carbon footprint. The transportation emissions from the health care sector include patient travel, staff travel, ambulance distance travelled, delivery methods, and logistics operations. 
The use of paper through the traditional prescription service method gets its bad carbon footprint from the need to harvest forests, transporting the paper itself, and its disposal. 
It is estimated that without an intervention in the current standard of emissions from health care that the emissions could triple globally in coming years. [6] This shows the urgency of bringing in updated systems. 
[bookmark: _Toc204345823]2.4.2 The Role of Transport in Healthcare-Related Emissions
Patient travel accounts for a large amount of the emissions generated, and it is even worse in the areas where there is limited access to public transport due to having more private vehicles on the roads [15]. Journeys in rural areas, especially for people with chronic illnesses who require prescriptions often, are a huge proportion of the figures. 
The pharmacies require deliveries of the medication frequently and, having an old paper system can make managing stock levels very difficult, often resulting in too much or too little being ordered in, and resulting in either more journeys or medication expiring and needing to be disposed of. The journey of medication goes from manufacturers to the delivery company, to the pharmacies, and then to the patients. Each aspect of this is adding to the carbon emissions released through fossil fuel powered vehicles [16]. The health sector is now looking into how electric vehicles could be beneficial [15]. 
The EPS has data which can help mitigate some of these issues including better stock management, better predictions on future deliveries, stopping patients from having to make the trip to the health care provider. The wastage would be lessened, and overstocking could be avoided. 
[bookmark: _Toc204345824]2.4.3 Measuring Carbon Savings from EPS
Direct and indirect emissions can be captured to effectively evaluate the carbon savings from the EPS system. Direct saving includes aspects such as using less paper and having less transportation emissions from the patients. Indirect savings can include aspects such as having better pharmacy operations and supply chains through implementing the digital EPS. 
If the United States implemented a system like this, then it is estimated that 8.5 billion pounds of carbon dioxide would be stopped from entering the atmosphere based on lessening the paper consumption alone [2]. To calculate the carbon savings from transportation emissions then journey estimates, prescription volume, patient demographics, transportation, and geographic distribution of healthcare practices and pharmacies, need to each be evaluated. Geographical Information Systems could inform on this data for Wales, and statistics for these before and after the implementation would give a good insight into any impact had. 
[bookmark: _Toc204345825]2.5 Digitalization and Sustainability: Beyond EPS
[bookmark: _Toc204345826]2.5.1 Benefits of Digital Health Systems for Carbon Reduction
There are other ways that technology is being used in the healthcare sector to reduce carbon emissions. Digital solutions are now being used to support people to manage their own chronic conditions, make appointments less frequent, and reducing travel emissions. MyTailoredTalks is an app that lets people who are recovering from long COVID to “receive tailored support, advice, and information about their condition from the comfort of their home”, which means that they can have support without needing to travel at all and still receiving a high standard of care [5]. 
Telemedicine is another avenue that carbon emissions have been reduced because it allows consultations to happen remotely, saving time and travel resources [5]. Having this system implemented alongside the EPS would minimise the use of physical resources and how far patients are travelling even more. 
The EPS is enhanced by having Electronic Medical Records (EMRs) because it allows for less paper consumption, printing, and storing, whilst also allowing for improved access to patient files, better medication management and potentially less errors and medication wastage [5]. 
Fitness trackers have become very popular and easily accessible in recent years, and they are now capable of checking for vital metrics which can alert someone to an issue before it has become apparent such as detecting early signs of a heart attack [30]. The Electronic Prescription Service could become more informed when working in collaboration with these smart devices, and these devices could feed real-time information without needing the patient to attend their GP. 
[bookmark: _Toc204345827]2.5.2 Challenges of Digitalization and Hidden Carbon Costs 
Whilst digitalisation can be beneficial to the environment in many ways, there are also concerns about the increased energy consumption because this can have adverse effects [20]. Carbon is produced in the production stage of new health care technologies which is a hidden effect not often considered. It is important that the energy sources for production also be considered, and where possible changes should be made to ensure minimal impact [20]. 
Data centres are powered 24/7 and require a huge amount of energy to keep running due to needing good computation power, storage, and cooling. If the data centres are not using renewable energy sources, then the consumption of carbon is high [31]. The EPS requires a huge data centre, and it should be included in the evaluation of whether carbon emissions have lowered due to the implementation of EPS. 
The patients are required to use a device such as a mobile phone, tablet or computer to use the EPS, but these are also affecting carbon when being produced, and they also contain minerals that are becoming rare to obtain. The manufacturing and disposal of these devices, whilst not being directly related to the EPS, they are a concern for carbon footprint [20]. This topic is interesting because it raises questions about whether the implementation of EPS is going to change habits and behaviour of patients, such as elder patients who don’t have a device, now buying one. 
[bookmark: _Toc204345828]2.5.3 The Ethical and Environmental Implications of Digital Health 
There are ethical concerns for projects like EPS because the patients who have little to no access to digital devices might be excluded from using this service, when this is a service that would benefit them. Diverse needs should be considered with a project like this [32]. 
There are also privacy and security concerns with having patient data on digital systems. There needs to be constant high level security measures in place whilst having low energy consumption because this mitigates the environmental and privacy concerns [33]. Governance should be involved in the EPS process to make sure that the public have trust in the system [32]. 
There are also concerns with a project like EPS around data ownership because whilst technology can be useful in healthcare, there could be third party companies involved could misuse personal information for marketing or other non-ethical purposes which could lead to distrust in the health care service unjustly [34]. 
[bookmark: _Toc204345829]2.6 EPS and the Transformation of Pharmacy Supply Chains
[bookmark: _Toc204345830]2.6.1 Changes in Pharmacy Operations Due to EPS 
Pharmacy supply chains are evolving with the implementation of the EPS where shift patterns, workplace locations, stock management and how the patients interact with services are being changed. The changes are to help improve efficiency and safety but also carbon reduction [35]. 
The digital prescription process allows for preparing in advice the medications before patients arrive to collect, and this reduces waiting times as well as the energy consumption in waiting areas. The ability to monitor data in real time allows for less wastage from expired products, lessening the pharmacy’s pollution impact and the carbon [36]. 
The change to digital systems can have negative effects on business models and might require additional upfront costs to do with investing in technology, connection, and training for staff. Small pharmacies might not have the funding to keep up with the evolving industry which can be cause for concern for access to pharmacies. The economic and environmental factors should be considered, and the implementation can be streamlined with thoughtful preparations, allowing diverse approaches for different pharmacies situations [37]. 
[bookmark: _Toc204345831]2.6.2 The Role of Optimized Logistics in Carbon Reduction
Pharmaceutical logistics should be optimised to ensure significant carbon reduction. New methods for transportation are being explored including the use of green vehicles for delivering medication, which would help with working towards the health care sector having carbon-free transportation on their end [7]. 
EPS data can also be used to evaluate carbon friendly travel routes for mediation deliveries. Home delivery medication services are currently being accessed in Wales, but with route optimisation the carbon impact can be decreased [38]. Visualisation software such as Power BI offers tools to effectively analyse the data for patterns and identify the optimal solutions [39]. 
Prescription models are either centralised or decentralised which each have different carbon implications. Centralised models are when the resources are in less locations which makes processes more efficient with lower costs, but these products may need to travel further distances to reach their target destination which does increase transportation costs, delivery times, and carbon. Decentralised models are when there are more spread-out resources which allows for shorter delivery distances and less carbon as a result, but there are often issues because the locations operate differently and can result in higher costs and more issues with duplication/variation between sites [40]. These issues can be evaluated through geographic analysis through a GIS as it can help decipher the best distribution strategies that will have minimal carbon impact, whilst having good patient access. 
[bookmark: _Toc204345832]2.6.3 The Future of Smart Supply Chains in Healthcare
In the future, it is expected that technology will offer good approaches that will work to reduce carbon footprint in pharmaceutical supply chains. Artificial intelligence is starting to be used by the health care sector already and it is expected to improve medication distribution, product demand, minimise medication shortages, and reduce excess wastage. Predictive analysis based on the current data trends can help make informed decisions about the future [41]. 
Blockchain technology could improve the supply train by making sure that medication is authentic whilst having good distribution and reduced transportation. Each transaction would be recorded securely and transferred throughout the chain so that the blockchain could support inventory management even further [42]. 
Automatic pharmaceutical dispensing could be integrated with EPS in the future, increasing the accuracy and efficiency of medication preparation and less wastage. Better delivery logistics combined with automated dispensing could support a lower carbon management system of medication from prescription to patient. 
Policy frameworks will influence technological developments. There should be incentives for low carbon delivery vehicles, sustainability requirements for procurement, and standards to evaluating and reporting on supply chain emissions because these could accelerate the transition to being more sustainable. R analysis could be used to help evaluate the impact of different approaches on overall carbon emissions and can be useful for predicting the future based on the trends [41]. 
[bookmark: _Toc204345833]2.7 Lessons from Other Sectors: The Broader Impact of Digital Ticketing and Paperless Systems in Sports and Events 
Other sectors have made the transition from paper to digital systems and a lot can be learnt from them. The digital ticketing system for sports and events is a new implementation that has streamlined access to tickets from wherever you are, it saves time, money, and transportation emissions and it has proven effective and well received by the public [43]. 
The switch to digital not only lessened paper consumption but also allowed for a lot more data metrics to be recorded thus resulting in better predictive analysis. The methods and methodologies associated with this industry could benefit the healthcare industry if it follows a similar implementation approach [44]. 
The user adoption metrics from this industry might help inform the healthcare sector on how their client/patients react to digital change and might offer some solutions on how to best target different demographics [45]. 
[bookmark: _Toc204345834]2.7.1 Remote Work, Telehealth, and Carbon Footprint Reduction 
Remote working has been rapidly adopted during and since the COVID-19 pandemic and it did have an impact on carbon reduction when people weren’t making journeys [46]. Telehealth was also implemented where patients could receive their consultations digitally and speak to health care professionals digitally, which reduces the need to travel physically and saves time [46]. 
EPS and telehealth share some similarities and together they could create a new style of receiving healthcare purely digitally without needing to leave their homes until they need to collect prescriptions. The EPS implementation might have further positive impact on the carbon emissions produced when paired with other systems so having a wider effect not yet considered. 
The telehealth process does show that there are implementation challenges within the healthcare industry because there are different access levels to technology, different user comfort levels with digital solutions which both hinder the adoption of digital systems [46]. It is expected that there will be a similar mixed adoption success rate/time scale for the EPS. 
[bookmark: _Toc204345835]2.7.2 Smart Cities and the Future of Sustainable Digital Infrastructure
Smart cities involve changes to transportation, energy, waste and healthcare all with the idea of implementing new technologies [47]. The aim is to improve efficiency and sustainability. 
The implementation of EPS with smart city systems could have further environmental benefits. It has been suggested that transportation systems could help optimize delivery routes which would lessen the congestion and emissions from traffic. The integration of EPS with energy management systems could also ensure that the healthcare industry is keeping their usage low through monetisation, and there could be renewable energy sources implemented [47]. 
Internet of things, AI, and blockchain also could enhance sustainability in healthcare. IoT sensors could be used to record the medication stock and reduce waste. AI could benefit the resource allocation which lessons the unnecessary carbon intensive activities [47]. Blockchain could built on what has already been implemented such as the supply chains [48]. If these aspects are adopted, then it could create more sophisticated and sustainable medication management systems when paired with EPS. 
[bookmark: _Toc204345836]2.8 Policy, Governance, and the Future of Green Digital Healthcare
[bookmark: _Toc204345837]2.8.1 Government Policies on Digital Healthcare and Environmental Impact
Governments are making it a priority to include digital solutions in healthcare when considering better sustainability solutions. The World Health Organisation believes that technology can make health care systems “more efficient and sustainable” because there is less waste and more accessible health care [7]. The EU has the European Green Deal which is a climate policy where links are made between climate and health with the aim of lessening carbon consumption in health systems including making 15,000 European hospitals zero-carbon with renewable energy [8]. The UK has a policy called the Health and Care Act 2022 which has made the NHS the first health care provider to enable a net-zero mandate into law, which aims to lead the NHS to being net-zero by direct emissions by 2040 and indirect emissions by 2045 [9]. The is a long-term goal to reduce patient travel and carbon emissions which the NHS advising data hosting in low-carbon data centres and reducing the amount of paper used through electronic prescriptions and records. 
[bookmark: _Toc204345838]2.8.2 Renewable Energy and Green Data Centres for EPS
Powering the digital health systems can use a lot of electricity so renewable energy sources are favoured such as solar, wind and hydro. The UK’s Great British Energy and Department of Energy Security & Net Zero have very large solar energy programs with the most recent implementation costing £200 million for rooftop solar panels on 200 NHS buildings [10]. Sweden uses hydro and nuclear and can allow for 100% renewable run data centres [11]. Denmark uses wind and district heating which is good for cloud systems including Google’s $700 million data centre investment which was chosen in this country for the renewable aspects [11]. 
[bookmark: _Toc204345839]2.8.3 Future Innovations for Sustainable Healthcare
Technology is continuously advancing. Artificial Intelligence (AI) could be used to better manage the prescribing and dispensing systems, reducing waste and reducing emissions [12]. The AI systems could check prescriptions and personalise the medication dosage in real time. Studies show that AI could reduce prescription errors by 40% compared to normal methods. AI can be used to ensure that patients are only being prescribed what they need, helping patient safety and reducing emissions through transportation. The NHS is exploring how AI can predict demand for drugs and manage their stock levels for optimised performance. 
AI can be incorporated with Internet of Things to improve logistics where predictive models could forecast patient demand, drug usage patterns, and equipment needs which could better help hospitals prepare by only stocking what is needed [13]. Health systems could anticipate flu outbreaks for chronic disease medication demand for example. IoT sensors in hospitals would be able to automate and better optimise energy usage including having lighting systems adjusted to occupancy and weather in real time. It is estimated that there would be 20-30% savings in energy from introducing IoT in the future [14]. The AI could also create the green routes for medicine deliveries, helping reduce the carbon emissions through transport. 


[bookmark: _Toc204345840]3. Methodology
[bookmark: _Toc204345841]3.1 Project Methodology
This project will evaluate how the implementation of the Electronic Prescription Service (EPS) in Wales has impacted carbon emissions. The deliverables for the project include: 
1. GIS based drive-time analysis calculating carbon saved. 
2. A Power BI dashboard visualising the transport and paper-based carbon savings. 
3. Regression models in Python quantifying paper usage reduction. 
4. An analysis-based EPS assessment framework. 
5. Policy recommendations informed scenario analysis (using a sample to estimate all Wales population). 
A multi-phase methodology would be used for this project. Digital Health and Care Wales (DHCW) NHS have provided anonymised EPS and non-EPS prescription data, including the monthly rollout figures, and GIS mapping information including the GP/Pharmacy locations and their own drive-time analysis data. Emissions data has been sourced from Ordnance Survey and DEFRA. 
When calculating the drive-time analysis, the total carbon can be estimated by multiplying the miles by the average carbon (kg) per mile [15]. Power BI visualises the carbon emission trends across time. The Cadwgan GP Practice acts as a case study and the drive-time and paper carbon savings have been calculated for its participating pharmacies. R has the capability to use regression to look at paper usage trends over time estimating carbon savings. Each of the methods discussed allow for the EPS assessment framework to be created which includes reusable scripts and templates for stakeholders should others wish to implement the same style analysis elsewhere. Scenario analysis was used to explore the policy options such as how carbon savings would look if the EPS was implemented in all GPs and Pharmacies. 
Key steps in the methodology include: 
1. Data acquisition: Anonymised prescription data and GIS Information from Digital Health and Care Wales, and carbon emissions data from online open sources like Ordnance Survey. 
2. Drive-time analysis: GIS tools used for mapping patient journeys and estimating the miles saved due to EPS implementation, allowing for carbon reduction statistics. 
3. 3. Power BI dashboard showing EPS uptake per GP practice, and transport and paper carbon reduction estimates based on a case study practice. 
4. Statistical Analysis: R was used for regression modelling allowing for paper reduction to be calculated and its carbon savings. 
5. Framework development: An EPS assessment framework was created including the templates, scripts, and details about the visualisation tools. 
6. Policy recommendations: Scenario based analysis that can inform strategies for optimal EPS implementation and reduced emissions for the whole of Wales. 
DHCW’s involvement in this project is essential due to having the relevant data needed to progress. There is limited data available due to it being a new implementation, but the data provided is high-quality. DHCW have provided the Arc-GIS and Power BI licence needed to complete the project and access to their drive-time analysis environment which saves money due to ESRI costing a lot of money per query [50]. 
[bookmark: _Toc204345842]3.2 Risks & Limitations
Incomplete data: EPS was implemented in November 2023, and the uptake has been gradual since then [4]. Most practices lack complete data. Mitigation involves using a case study practice with its linked pharmacies and using literature estimates and documenting assumptions. 
Spatial data and modelling assumptions: It is possible that the patients take different routes. The most likely route has been applied. Ordering should be disabled to avoid bias towards M4 routes where it isn’t realistic [57]. 
Technical limitations: Large Excel documents being processed on a laptop can allow for delays both within the analytic software and the laptop software itself. Big queries will take longer. Mitigation for this includes using external storage and allowing more time than estimated to be prepared. 
Other Limitations: Secondary data needs to be reliable and should come from trusted sources to ensure for accurate estimations and results. Secondary data might not have all the needed information and should be either averaged or removed if incomplete [58]. 
[bookmark: _Toc204345843]3.3 Ethical Issues
The data for this project is anonymous, avoiding patient identifiable data. The DHCW data used is already publicly available, but it is in line with their data usage, storage and disposal policies, complying with GDPR and Data Protection Act 2018 [59]. 
Surveys will be conducted for DHCW staff members about their understanding of the EPS and their feedback about the project dashboard/results. The surveys will be anonymous, and no sensitive data will be collected. The data will be stored and analysed on the DHCW network which can only be accessed by authorised users. The project is low risk and follows the necessary data protection and ethics standards [32][33]. 
[bookmark: _Toc204345844]3.4 Validity, Reliability & Generalisability
[bookmark: _Toc204345845]3.4.1 Validity
The investigation involves measuring EPS related carbon savings from transport and paper reduction, measured directly. The drive-time analysis is done using real world GIS data and prescription counts. The R modelling calculates the paper reduction trends. The use of the Cadwgan GP Practice as a case study strengthens the investigation because it is using more complete data over a longer period, showing the true EPS rollout statistics. Carbon is not measured directly in this project since the paper and transport emissions used are proxies for this. 
[bookmark: _Toc204345846]3.4.2 Reliability
The tools used for analysis include ArcGIS, Power BI, and R which are common tools for data analysts. The procedures are documented and for it would be easy for another researcher using the same data and methods to achieve similar results. Using publicly available data and reproducible scripts within the EPS assessment framework supports the reliability and reproducibility of the project for other areas. 
[bookmark: _Toc204345847]3.4.3 Generalisability
Some of the data is at an all-Wales level such as GP Practice EPS uptake statistics. Most of the analysis however is based on the Cadwgan Practice as a case study but it is designed to be scalable. The scenario analysis estimates the potential carbon impact related to EPS across the whole of Wales which makes the findings of one practice applicable to other areas with similar structures. The EPS assessment would be reusable, supporting the generalisability of this project for other health boards, health organisations, or other countries. 
[bookmark: _Toc204345848]3.5 Data Evaluation Methods
[bookmark: _Toc204345849]3.5.1 Data Collection
The project uses secondary data from DHCW including the monthly EPS rollout data, prescription count data, and GIS mapping data [4][56]. The carbon emissions data comes from Ordnance Survey and DEFRA [26][25]. The minimum data needed is at least one GP practice and their linked pharmacies, which is available. A small survey will be conducted gathering qualitative feedback on the EPS dashboard created, and the results. The survey will be anonymous and focus on the usability, the understandability, and the scalability. At least 20 responses would be sufficient for a good analysis, and they would be contactable via the health intelligence group internal to DHCW. 
If there is any data missing like missing prescription values, then the sites/rows could be removed from the dataset or replaced with the averages. Assumptions made will be documented in this report. 
[bookmark: _Toc204345850]3.5.2 Data Evaluation
Data evaluation will be done via spatial analysis, statistical modelling, and data visualisation. 
The drive time analysis is used to estimate the miles saved and convert it into carbon savings using the DERFA emissions per mile [16]. The regression modelling will show a time-series analysis for paper usage patterns and estimate the associated carbon reductions. The Power BI dashboard will visualise EPS uptake across the practices, transport related carbon savings, and the paper reduction savings across time for the case study. Scenario analysis will allow for potential all-Wales carbon savings to be calculated if EPS were implemented across all GP Practices in Wales. 
All results will be presented with clear visuals/summaries which allow for both technical and non-technical users to understand. 
[bookmark: _Toc204345851]3.6 Development Methodology
[bookmark: _Toc204345852]3.6.1 Data Analysis Methodology
The project will follow a structured data analysis approach that involves the CRISP-DM methodology [60]. The analysis starts with preparing and cleaning the gathered prescription and GIS data from DHCW. ArcGIS allows for calculating the miles saved per journey and those distances will be converted into carbon savings using the DERFA estimates per mile [16]. Power BI will be utilised to create a dashboard showing the EPS uptake in Wales and the carbon savings from both transport and paper reduction. Regression analysis will be done via R to show the paper reduction over time and the carbon savings associated with that. The figures will be essential to the EPS assessment framework including the scripts used and visualisation tools for the stakeholders to view. The chosen methodology makes sure that the results are accurate, scalable and suitable for the project’s carbon objectives. 
[bookmark: _Toc204345853]3.6.2 Subsidiary Methodologies
Scenario analysis will be used to model the impact of EPS if it were adopted nationally across Wales. This includes taking the results from the case study and relating that to an increased scale in relation to Wales using population and prescription data. Feedback will be given by DHCW staff members to ensure that the dashboard is refined, and the results are relevant, understandable, and scalable. 
[bookmark: _Toc204345854]3.7 Resources
[bookmark: _Toc204345855]3.7.1 Hardware Resources
The project is being done on a DHCW supplied work laptop with external storage to manage the larger datasets. Specialist hardware is not needed but there could be performance issues which could be mitigated through staged processing and using cloud-based tools where possible such as using R online. 
[bookmark: _Toc204345856]3.7.2 Software Resources
The following resources were used in this project, all under DHCW licences or freely open sourced. 
· ArcGIS Pro (Version 3.2) – Used for drive-time analysis and spatial mapping. Costs £4,200 per licence per year [50]. DHCW can provide the licence for free, no cost for researcher.
Alternative software: MapInfo Pro (£590 per year and VAT) with additional costs for drive time credits [55].
· Power BI Pro (Version 2.1227) – Used for creating a dashboard to visualise EPS carbon savings and uptake. DHCW can provide this licence for free, for no cost to the researcher. Commercial cost: £7.50 per month [52].
Alternative software considered: Tableau creator for £58 per month [53].
· Anaconda Jupyter Notebook Python (Version 2024.02) – Used for statistical modelling, regression, and scenario forecasting. This is open source and for free [54]. 
· Microsoft Excel (Version 2036) – Used for data cleaning, preparation, and doing basic carbon calculations. This software is included in DHCW’s licence scope. 
The choice of software was influenced by cost effectiveness to the researcher. DHCW provided access to expensive software including ArcGIS Pro, Power BI and Microsoft Excel which reduced project costs. Through the help of DHCW the project avoided large fees, whilst having good access to the most useful tools. 
Python (Accessed via anaconda notebook online): For statistical analysis and regression analysis. 
Microsoft Excel (DHCW Microsoft 365 Licence): For data cleaning, preparation, and basic carbon calculations. 
Project costs are minimal due to DHCW providing work licenses or using open source and free to download software. 
[bookmark: _Toc204345857]3.7.3 Information Resources
DHCW: Prescription Data, GIS Data, EPS rollout data [56]. 
Ordnance Survey & DERFA: Transport and paper emissions. [16]
Academic Literature: Used to support the assumptions and validate the approaches used. Used to achieve a greater understanding of the topic. 
[bookmark: _Toc204345858]3.7.4 Human Resources
DHCW Staff: Provide data and participate in the survey. 20 Participants minimum for the survey, contactable via the health intelligence teams group internally. 
University Project Supervisor: Guidance and feedback for the project. 
Researcher: Conducting research, analysis, and reporting results. 




[bookmark: _Toc204345859]4. Design and Implementation	
[bookmark: _Toc204345860]4.1 Design
The design process for this project involves creating visualisations and doing an analysis on the carbon impact the EPS implementation has had. It is necessary to be a scalable design, and it was imperative to use appropriate tools to meet the stakeholder expectations. 
[bookmark: _Toc204345861]4.1.1 Requirements 
The requirements were formed from discussions with DHCW, who provided most of the data for the project. The project should be desirable for stakeholders including policy advisors, sustainability monitoring companies, and health care professionals. The project must be easy to understand, use real-world data, be scalable nationally and in other countries/similar scenarios, and align with carbon and environmental goals. The software needed includes Power BI for creating the dashboard, ArcGIS for spatial analysis and R for statistical analysis. 
[bookmark: _Toc204345862]4.1.2 Design decisions
Case Study: The data is limited due to this only recently being implemented in Wales, with a staggered rollout, and there are still a lot of GP practices and pharmacies not yet involved. To mitigate this issue, one GP and its connected pharmacies were collated for analysis. The practice has data over a longer period compared to others. It is possible to do both paper and transport carbon analysis for this site, and scale it to all-Wales scenarios. 
Drive-Length Analysis: ArcGIS Pro allows for calculating drive-length which maps the length in miles from GP to pharmacy. This allows for carbon savings to be produced. Ordering was disabled to ensure that unrealistic routes are avoided, for example it prefers M4 routes, followed by A roads etc. 
Carbon estimates: The carbon estimates were taken from DERFA and Ordnance Survey’s statistics which helped convert the miles and paper usage into carbon (kg) per prescription [16]. 
Dashboard design: Power BI is the favoured dashboard design tool. This was chosen because it is interactive, intuitive, and the researcher is familiar with using the software including DAX. DHCW were also able to provide the licence for using Power BI. 
Framework reproducibility: The scripts and templates used were designed with the intention of being easy to alter for different sites/datasets to be used by other health boards or researchers. 
[bookmark: _Toc204345863]4.1.3 Design Process
An iterative approach was taken for designing the project including:
1. Requirement gathering: A detailed literature review, and stakeholder interaction discussing the data and project requirements. 
2. Prototype development: An initial dashboard design was mocked up, and a rough outline of the GIS drive time visual was produced. 
3. Feedback: DHCW staff members completed feedback about their understanding about the project prior to and after the project creation, reporting on its usefulness, usability, and understandability. 
4. Adjustments: Changes were implemented based on the feedback received. 
5. Final documentation: Prior to analysis, the EPS assessment framework was put together to be reproducible. 
This design structure ensured that the results were to a high standard, and in line with stakeholder requirements.
[bookmark: _Toc204345864]4.1.4 Personas 
It is important to consider the needs of the user, and the project needs to be designed with accessibility and functionality in mind. Personas allow for more mindful visualisations and recommendations. The following personas are relevant for this project: Civil servant, Carbon monitoring expert, health board pharmacy lead, journalist/interested member of the public, and international digital health policy officer (See Appendix B, Table 1).
[bookmark: _Toc204345865]4.1.5 Initial Survey Responses 
An initial survey was conducted and answered by stakeholders about the potential usefulness and impact the creation of the EPS carbon dashboard could have. 
93% of respondents believed that the public would be interested in the results produced. 
The most interested groups were identified as policy makers, environmental organisation and researchers. A custom answer was provided about the finance teams within NHS Wales. 
73% found the dashboard to be either somewhat or extremely useful to them in their role. This shows that there is a need for this dashboard to be produced. 
93% said it would be useful to compare between different sites and time periods. 
93% of respondents also said they expected the findings from this investigation to be able to influence actionable changes in Wales. 
The results from this initial stakeholder survey outline the groups that should be considered when creating the dashboard, and the importance of this tool being able to influence actionable change in Wales (See Appendix F, figures 88-94).  
[bookmark: _Toc204345866]4.1.6 Wireframes
The wireframes were a good guideline for working out how the project will progress and look. 
The Power BI dashboard was designed with good user experience and easy reading of the data in mind. The following tools were considered: 
1. Filter pane: Filtered by GP Practice, Pharmacy, Date etc.
2. KPI cards: total metrics instantly readable, showing total carbon saved via transportation or paper, total EPS prescriptions done. 
3. Line graphs: Showing the EPS uptake and prescriptions over time. 
4. Bar charts: Showing the monthly totals, or totals per site. 
5. Pie charts: Showing totals as a percentage. 
6. Tables: Showing the raw data figures. 
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[bookmark: _Toc204340845][bookmark: _Toc204345675]Figure 1 - Dashboard wireframe
The plotted GP and Pharmacy locations, and the drive time analysis should look like: 
1. Base map: Plotted GP and pharmacy locations
2. Route lines: The GP to pharmacy routes connected via lines, calculating the travel distance. 
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[bookmark: _Toc204340846][bookmark: _Toc204345676]Figure 2 - GIS wireframe
The EPS Assessment Framework was designed with reusability and adaptability in mind. The document should show: 
Input fields: Prescription counts, travel distances, EPS status. 
Outputs: carbon estimates, paper reduction estimates, and travel reduction estimates. 
Visualisations: Charts and tables. 
Documentation: guidance on how to use the framework and adapt it to other datasets/scenarios. 
[bookmark: _Toc204345867]4.2 Implementation 
The implementation of this project involves using power BI, R, and GIS to create the reproducible EPS Framework document. 
[bookmark: _Toc204345868]4.2.1 Tools Required
The tools used include: 

1. ArcGIS Pro: Spatial analysis and drive-length calculations for Cadwgan GP practice [50]. 
2. Power BI: Interactive dashboard overview of the data [52]. 
3. Python (Anaconda Notebook): statistical modelling and regression analysis [54]. 
4. Microsoft Excel: Data cleaning, exploring, preparation, and basic calculations. 
These tools are suitable for the dataset structure, and available through DHCW licenses. The developer also has familiarity with this software. 
[bookmark: _Toc204345869]4.2.2 Data Description 
This project has data from both public and internal sources to DHCW. Manual extraction methods were used to gather most of the data, whilst some was able to be downloaded quickly. 
GP and pharmacy location data was gathered first to calculate the drive-length distances between Cadwgan GP Practice and their neighbouring pharmacies. The process included: 
1. Downloading GP and Pharmacy locations. 
2. Filtering the data to only show Cadwgan GP Practice and associated pharmacies, to then put into a new Excel document. 
3. The new Excel document uploaded to ArcGIS Pro for drive-length analysis. 
4. The routing settings were changed so that ordering was turned off to avoid M4 bias. 
5. The table was exported. 
6. The pharmacies within 1 mile of the GP were excluded from the dataset assuming patients would walk that distance. 
7. The transport carbon emissions were calculated by using the UK Government GHG Emissions Factor data for petrol cars (0.2733 kg carbon per mile) multiplied by the drive-length calculation [6].
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[bookmark: _Toc204340847][bookmark: _Toc204345677]Figure 3 - Cadwgan GP to Pharmacy Drive-length from ArcGIS Pro
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[bookmark: _Toc204340848][bookmark: _Toc204345678]Figure 4 - ArcGIS Pro drive length extract with carbon calculations
The dashboardExtract.xlsx has data from the NHS EPS Dashboard which had to be manually extracted line by line due to permission settings (See Appendix A, Figures 30-32) [56]. The sheets created were ‘Cadwgan’ showing the total prescription items, the estimated carbon savings from paper, and the derived carbon saving per item which is carbon savings divided by all items. The paper carbon estimate is from the UK Government GHG Factor data showing 0.0225 kg of carbon per A4 sheet [16]. This data is useful as a case study. 
The next sheet is EPS Data, which holds the overall Wales data. It contains information about the total EPS Items, and how many of those are repeat prescription items. This data is good for upscaling estimates and giving a quick overview (See Appendix A, figure 30).
The above data was inputted into Power BI to create meaningful visualisations about EPS and carbon emissions. The power BI dashboard details EPS uptake by practice, the paper and transport carbon savings, the pharmacy level emissions, and the repeat prescription statistics.
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[bookmark: _Toc204340849][bookmark: _Toc204345679]Figure 5 - Power BI Dashboard Pharmacy Efficiency
The Cadwgan sheet from DashboardExtract.xlsx was loaded into python in anaconda notebook for statistical analysis (See Appendix A, Figure 32). The purpose of this is to show the average carbon savings per item, estimate the national savings by scaling Cadwgan GP Practice metrics, and model repeat prescription scenarios. 
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[bookmark: _Toc204340850][bookmark: _Toc204345680]Figure 6 - Linear Regression model Python script
[bookmark: _Toc204345870]4.2.3 Implementation steps
The prescription data was downloadable from a publicly available DHCW dashboard [56]. The data was not easily exportable since each row in the tables had to be manually selected. Due to the time restraints, it was not feasible to collect all the data. It seemed most appropriate to collect the overall metrics for Wales, but only the Cadwgan GP Practice data for the more detailed statistics to use as a case study. This GP Practice was chosen for using EPS for a longer period compared to others and having sufficient data available. Once collected the data was cleaned and structured using Excel. The drive-time analysis data was gathered by collecting GP and Pharmacy locations related to Cadwgan GP Practice and calculating the drive-length. Any drive length under 1 was removed from the dataset due to being within  ‘walking distance’ with people unlikely to commute (See Appendix A, Figure 36). ArcGIS Pro was used for the drive-length calculations, and the automatic ordering was disabled because it would have generated unrealistic routes (M4 bias), so this meant to most realistic routes were calculated. The distances generated were calculated into carbon statistics through using the DERFA’s estimated emissions per mile estimates [16]. ArcGIS Pro offers ESRI drive-length analysis, but this is costly, so it is better to be connected to the DHCW private drive-time estimates database instead. 
R regression models were used to analyse the trends in paper prescriptions over time. This allowed the carbon saving estimates to be generated in relation to paper consumption. R was also used to upscale the Cadwgan case study results to the whole of Wales, to show how much carbon could be saved if all prescriptions were sent electronically. 
Power BI was used to bring all the different analysis together including all Wales overview data, paper and drive length carbon savings. The dashboard includes the EPS uptake over time by practice, carbon savings from transport and paper reduction, pharmacy level analysis of miles and emissions. 
[bookmark: _Toc204345871]4.2.4 Challenges and Solutions 
The data extraction process was challenging due to manually selecting the data rows needed. It was mitigated by focusing on a case study sample of the data for analysis, but with more time it would be feasible to look at the all-Wales data in more detail. 
The route modelling in ArcGIS would have been problematic giving unrealistic routes. This was mitigated by doing thorough research about what the ‘ordering’ tool was and disabling it promptly. 
Using a large dataset caused longer running time in ArcGIS but it was mitigated by using the online storage system to reduce strain on the hardware resources internal to the laptop. 
The user feedback survey was aimed at and completed by DHCW staff who do have prior knowledge about creating good dashboards and what insights are appropriate. The feedback was essential to this project to make sure that the data was usable and relevant. It could also be used to make improvements to the dashboard and make the visualisations easier to read where applicable. 
[bookmark: _Toc204345872]4.2.5 Reusability and Framework design 
One of the objectives for the project was to produce an EPS assessment framework, designed to be adaptable for other practices, health boards, or other countries. This was to ensure the scalability and allowing for future data. Feedback around the reusability of the project was gathered from the feedback survey to evaluate the effectiveness.
The framework in includes (See Appendix B, Figures 37-44): 
· Python scripts for statistical analysis on emissions, benchmarking, and real-word equivalent carbon data. 
· Reusable data structure for EPS and Pharmacy Data
· A power BI Dashboard that can easily be refreshed with updated data. 
· The EPS Framework (Appendix _) outlining methodology, tools, the data sources used, and the outputs.
All python scripts were written with parameters and minimal hardcoding because this allows them to be used with different datasets. The methodology allows for easy replication and scaling. 
The framework was created to be regularly updated, keeping up to date with any changes and developments in the data and policies. It supports the NHS Wales goal for net zero by 2030 with improved sustainability, digital transformation, and data-driven decision making [16]. 
[bookmark: _Toc204345873]4.3 Results 
The three main objectives were to create a Power BI dashboard, use R for statistics, and produce an EPS framework. 
[bookmark: _Toc204345874]4.3.1 Key findings 
4.2.1.1 Power BI Dashboard
The EPS uptake has been increasing in Wales since it was implemented initially in November 2023. The above visual shows how many prescriptions are being done for Cadwgan GP Practice, and how many of those are EPS. Over time, as more pharmacies have implemented EPS, the number of electronic prescriptions has increased.
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[bookmark: _Toc204340851][bookmark: _Toc204345681]Figure 7 - Carbon paper savings over time
The more prescriptions being done electronically, the more carbon savings the healthcare industry is having. The above visual shows the EPS utilisation over time at Cadwgan Practice, and how much carbon savings from paper were generated in the same time period. By April 2025 the EPS utilisation for Cadwgan GP Practice was 92% with 423 kg of carbon being saved. This carbon saving is equivalent to 600 hours on the London tube. 
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[bookmark: _Toc204340852][bookmark: _Toc204345682]Figure 8 - Carbon produced if all prescriptions were paper vs the carbon saved by EPS
Cadwgan is an exemplary GP Practice with good uptake of EPS, a good benchmark for other GP Practices and pharmacies to strive for. In April 2025 out of a potential 456.46 kg of carbon that could have been saved through EPS, 423 kg were successfully saved which is 92%. This indicates both repeat prescriptions and new prescriptions are being done electronically most of the time. This graph shows the environmental benefits of EPS and shows Cadwgan as a good model for sustainable healthcare prescribing. 
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[bookmark: _Toc204340853][bookmark: _Toc204345683]Figure 9 - Total transport carbon savings by pharmacy
This is useful to show which pharmacies are making a difference, like FWQ9 who saved nearly 4,000 kg of carbon, and which pharmacies could be contacted about how EPS is making healthcare more sustainable. 
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[bookmark: _Toc204340854][bookmark: _Toc204345684]Figure 10 - Annual Dispensed Items and Total Miles per Pharmacy
The pharmacies higher up and skewing to the right indicate the pharmacies with the most items dispensed and the most mileage, which would indicate the pharmacies that could have the most impact through EPS as a priority. 
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[bookmark: _Toc204340855][bookmark: _Toc204345685]Figure 11 - Drive length by carbon savings (kg) per pharmacy
The graph shows the relationship between the total drive length and the total carbon savings for each pharmacy. The pharmacies further to the right and higher up have longer drive lengths between GP to pharmacy and would have greater carbon savings, which shows EPS is having the most impact on emissions where the travel distances are higher. 
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[bookmark: _Toc204340856][bookmark: _Toc204345686]Figure 12 - Miles vs carbon savings per item by pharmacy
This scatter plot compares how much carbon is saved per prescription in relation to the distance being travelled, and the upward trend means that pharmacies with more miles per item save more carbon per item. The longer the distance, the greater the saving.  
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[bookmark: _Toc204340857][bookmark: _Toc204345687]Figure 13 - Annual dispensed items by total carbon savings per pharmacy
The scatter plot shows how the amount of prescriptions is relating to carbon savings. Pharmacies with more prescriptions (further right) are showing higher carbon savings (higher up) which indicates high volumes of prescriptions in pharmacies offer the most environmental savings. 
4.2.1.2 Python Analysis 
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[bookmark: _Toc204340858][bookmark: _Toc204345688]Figure 14 - Python script showing the estimates for carbon savings in Wales
Using Python a case study was done using Cadwgan Data, scaling it to an all-Wales equivalent (See Appendix C, Figures 45-66). We know that one prescription at Cadwgan saves 0.017147 kg, and the total prescriptions done electronically in Wales so far is 3,343,646, meaning that in Wales 57332.68 kg of carbon would have been saved so far, and that is without all GPs and Pharmacies being involved. The carbon saving equates to about 20 years of electricity in a UK home or driving around the earth 6.5 times/170,000 miles.  
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[bookmark: _Toc204340859][bookmark: _Toc204345689]Figure 15 - Python script showing repeat prescription scenario analysis
Based on the carbon saving per prescription, the carbon savings from all repeat prescriptions being done electronically in Wales amounts to 1317.47 which equates to a year of the average daily Netflix viewing. 
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[bookmark: _Toc204340860][bookmark: _Toc204345690]Figure 16 - Python script and visual for EPS Usage as Percentage of All Items
Cadwgan GP Practice reached 92% EPS usage in April 2025 showing a high adoption rate. The trend increases over time which indicates new pharmacies in the area implementing EPS. The trend showing high uptake indicates that EPS is well integrated in the area, supporting the idea of good efficiency and better carbon metrics. 
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[bookmark: _Toc204340861][bookmark: _Toc204345691]Figure 17 - Python script and visual for carbon savings over time
The Cadwgan GP Practice has recently had consistently high carbon savings from EPS items each month since November 2024 which is shows by the stable green line. The small monthly changes show that the EPS System is functioning well. The good performance shows effective EPS use and carbon reduction. 
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[bookmark: _Toc204340862][bookmark: _Toc204345692]Figure 18 - Correlation heat map
The number of EPS Items and carbon savings have a strong correlation (1.0) which shows that as the EPS usage is increasing, so are the carbon savings. The EPS items and EPS % uptake correlate as expected (0.97) which shows that the higher EPS usage is linked to bigger amounts of prescriptions done electronically. 
The total number of items has a negative correlation with CO2 savings from EPS Items which is as expected because the carbon savings come from the EPS element. A higher number of items is linked to lower EPS % which could suggest that areas with more prescriptions have lower EPS % uptake. 
Overall, the relationships support the EPS implementation reducing carbon emissions, and high volume prescription areas would benefit the most from the EPS environmentally. 
[bookmark: _Toc204345875]4.3.2 Usability of the Dashboard
20 responses were gathered from the stakeholders to evaluate the EPS Carbon Dashboard (See Appendix E, Figures 76-87). The survey used the likert scale, binary, multiple choice, and open-ended questions for a thorough understanding. 
The stakeholders generally found the dashboard intuitive and easy to use. 45% agreed and 45% strongly agreed that it was easy to use. 55% agreed and 35% strongly agreed that they felt confident using it. 
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[bookmark: _Toc204340863][bookmark: _Toc204345693]Figure 19 - Power BI Feedback Questionnaire Visual (I thought the dashboard was easy to use)
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[bookmark: _Toc204340864][bookmark: _Toc204345694]Figure 20 - Power BI Feedback Questionnaire Visual (I felt very confident using the dashboard)
The feedback about the layout and design was positive with 80% agreeing and 20% strongly agreeing that the dashboard was visually appealing. 60% agreed and 35% strongly agreed that the visuals helped them to understand the data better. 

[image: A graph with blue squares

AI-generated content may be incorrect.]
[bookmark: _Toc204340865][bookmark: _Toc204345695]Figure 21 - Power BI Dashboard Feedback Visual (The dashboard was visually appealing)
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[bookmark: _Toc204340866][bookmark: _Toc204345696]Figure 22 - Power BI Feedback Dashboard Visual (The visuals helped me understand the data better)
The dashboard would be adaptable for use with other data. 85% agreed (30% of those agreed strongly) that it could be used for other regions. 100% of respondents agreed (40% of those agreed strongly) that it would be compatible data refreshes.  
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[bookmark: _Toc204340867][bookmark: _Toc204345697]Figure 23 - Power BI Dashboard Feedback Visual (The dashboard design could be reused by someone in a different region or country
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[bookmark: _Toc204340868][bookmark: _Toc204345698]Figure 24 - Power BI Dashboard Feedback Visual (The dashboard structure supports ongoing updates and data refreshes
Two binary questions were asked with 95% of respondents saying yes to both the dashboard helping them understand the carbon impact of EPS and that they believe EPS does contribute to reducing carbon emissions. 
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[bookmark: _Toc204340869][bookmark: _Toc204345699]Figure 25 - Power BI Dashboard Feedback Visual (Do you think that the dashboard helped you understand the impact of EPS on carbon emissions in Wales?
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[bookmark: _Toc204340870][bookmark: _Toc204345700]Figure 26 - Power BI Dashboard Feedback Visual (Do you believe that the EPS system contributes to reducing carbon emissions based on the data shown?
The most helpful visuals on the dashboard were carbon paper savings over time (65%), miles vs carbon savings per item by pharmacy (50%), and total transport carbon savings by pharmacy (50%). 
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[bookmark: _Toc204340871][bookmark: _Toc204345701]Figure 27 - Power BI Dashboard Feedback Visual (Most helpful visuals for understanding carbon savings)
Whilst it is difficult to analyse free-text efficiently, a word cloud was generated of key words and a sentient analysis was run showing +0.24 polarity which means it was generally positive feedback about the dashboard in the free-text fields. 
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[bookmark: _Toc204340872][bookmark: _Toc204345702]Figure 28 - Power BI Feedback Dashboard Visual (word cloud)
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[bookmark: _Toc204340873][bookmark: _Toc204345703]Figure 29 - Power BI Feedback Dashboard (Sentiment Analysis Summary)
[bookmark: _Toc204345876]4.3.3 Alignment with Literature
The results correlate well with the findings from the initial literature review. The electronic prescription services being implemented in Wales has reduced carbon in both saving paper and reducing transport emissions. The reduced paper usage at Cadwgan GP Practice supports Haas (2003), who reported that healthcare contributes significantly to carbon emissions based on over-reliance on paper with up to 8.5 billion pounds of carbon annually in just the United States [2]. The estimated 1300 kg of carbon saved from paper in Wales reflects this trend for the healthcare sector within Wales. 
Transportation emissions for this project are like WHO and NHS England who found that patient travel, particularly in rural areas of the country, contributes highly to emissions [15][16]. The GIS analysis conducted by ArcGIS, when visualised in Power BI showed that pharmacies with longer drive lengths saved more carbon through EPS. The results are in line with what Murphy (2024) and Pugh-Jones (2025) have said about EPS reducing needless travel, with the benefit of improved efficiency in GPs and Pharmacies [4]. 
The EPS uptake at Cadwgan in April 2025 was high (92%) which shows a successful implementation much like those in England and Sweden, where digital prescribing is very popular [23][25]. The project is scalable through the EPS Framework, and it is like the WHO and NHS Digital’s recommendations about reusing healthcare systems for efficiency [21][27]. 
57,332,68 kg of carbon is estimated to be saved if Wales was fully implementing the EPS which aligns with NHS Wales’s net-zero by 2030 aims, showing the potential if this was scaled nationally [9]. Overall, the results show that the EPS implementation in Wales has been successful, just like the digital implementations in other countries previously. The results support the literature’s favour towards EPS adoption in Wales. 
[bookmark: _Toc204345877]4.4 Policy recommendations
Based on the findings, it would be useful for new policies to be implemented. 
[bookmark: _Toc204345878]4.4.1 National implementation accelerated
Welsh government and NHS should make the EPS implementation across the nation a priority, actively encouraging GP Practices and Pharmacies. The carbon savings calculated clearly support expanding this especially where there are longer drive-lengths [15][16]. Wales has had a rapid uptake since November 2023 with over 1 million items prescribed through EPS by February 2025 [4]. This shows that Wales is capable of quick implementation. 
[bookmark: _Toc204345879]4.4.2 Repeat prescriptions should be electronic only
This policy would encourage repeat prescriptions to be done electronically as a default, which is useful because these prescriptions are frequent, high volume, and could offer consistent savings from both paper and transportation [2][4].
[bookmark: _Toc204345880]4.4.3 Integrate EPS with Green Logistics 
Pharmacy routes could be optimised for the delivery of medication from supplier to pharmacy and better stock management [38][39]. The rise of electric vehicles could be adopted by the national health service to lower their internally created emissions [7]. 
[bookmark: _Toc204345881]4.4.4 Digital Inclusion 
Digital literacy should be considered because everyone has a different level of understanding, and it would be beneficial for staff to have training and there should be alternatives like the old methods available for those who need it such as those without internet access [32]. 
[bookmark: _Toc204345882]5. Evaluation
[bookmark: _Toc204345883]5.1 Conclusions from the results
The results from this project show that the implementation of the Electronic Prescription Service (EPS) in Wales has led to reductions in carbon emissions (See Appendix E, Figures 88-94). The Cadwgan GP Practice was used as a case study to show that if EPS was implemented nationally then at 0.17147 kg of carbon per item, over 57,000 kg of carbon would be saved. Over 1,300 kg of carbon could also be saved through the reduction of paper. By investigating these two metrics it has become clear that the EPS is effective at reducing carbon emissions. 
[bookmark: _Toc204345884]5.2 Alignment with literature
The project has aligned with the literature review from chapter 2 where the reduction of paper usage is supporting Haas (2003) [2] who confirmed the environmental strain that the healthcare puts out because of over-reliance on paper. The transport relating savings align with WHO and NHS England with their digital emissions being saved through pharmacy travel being reduced [15][16]. The findings from this study show that England and Sweden [23][25] were correct in their scalability frameworks supporting digital health systems [21][27]. 
[bookmark: _Toc204345885]5.3 Achievement of Aims and Objectives
The 5 objectives initially identified were met successfully: 
· GIS Drive-Length analysis was completed in Arc-GIS Pro.
· The transport related emissions were calculated, visualised and scaled. 
· The paper usage reduction was calculated, visualised, scaled and modelling using Python. 
· The EPS Assessment Framework was produced as a separate document. 
· Policy recommendations have been informed by scenario analysis in python. 
The overarching aim was to evaluate the carbon savings from the EPS being implemented in Wales which was achieved successfully. The success proves an effective methodology is in place and the results were meaningful and can be actioned in policy making decisions. 
[bookmark: _Toc204345886]5.4 Expected and unexpected findings
The results obtained were expected based on the literature. The strong correlation between EPS and carbon savings has now been further proved due to this study. An unexpected insight obtained through analysis was that the carbon savings per item across the pharmacies showed how imperative it is to look at the local travel patterns rather than using ordered drive-lengths. 
[bookmark: _Toc204345887]5.5 Reflections and future improvements
If this project were repeated, or if the time allocated to this project was increased, it would be useful to gather all the GP Practice and Pharmacy data. It would improve the generalisability and reduce the theoretical predictions and estimates because real calculations could be done for an all-Wales level. Automatic data extraction would allow for the previous change to be easily implemented rather than needing to manually select each data row which isn’t feasible on large datasets. With more data and more time, more trend analysis could be done within the GIS system. The impact of digital devices could be explored more closely because whilst the EPS is seemingly bringing carbon emissions down in the healthcare sector, it would be beneficial to look at the digital carbon emissions and whether that is still lower than the transport and paper emissions. 



[bookmark: _Toc204345888]6. Conclusion
The project involved evaluating whether the implementation of the Electronic Prescription Service (EPS) in Wales impacted carbon emissions, and this was done mostly by looking at a case study based on Cadwgan GP Practice and associated pharmacy data. The project has used spatial analysis, statistical modelling, and visualisation to calculate carbon savings from paper and transportation successfully. 
The results show that EPS does reduce carbon emissions in the healthcare sector since it is estimated that 57,322.68 kg of carbon would be saved nationally and 1300 kg of carbon saved through just the paper reduction. These results support the continued EPS implementation across the country and could act as encouragement for quick rollout rates. The findings align with the literature, supporting the NHS goal for a net-zero Wales by 2023, which the EPS can certainly encourage. 
The aims and objectives for this project were met successfully, with multiple different analysis styles and techniques being used, along with a scalable EPS framework being created. The Power BI dashboard was shown to stakeholders who provided feedback stating that it is scalable, usable, and successfully shows the correlation between carbon emissions and EPS. 
EPS is a digital innovation and practical tool that when well implemented, can reduce the healthcare sector carbon emissions. By implementing the policies outlined in this document, and scaling the project to include all Wales data, EPS could make a huge impact on the carbon emissions and make Wales a more sustainable country. 





[bookmark: _Toc204345889]7. Reflection
This project has improved my academic and technical skills including GIS, Power BI and Python, and the tools were imperative to this project’s success. I learnt how to manage complex data including collection, analysis, visualisation, and gathering and analysing feedback. I now have a deeper understanding of the Electronic Prescription Service (EPS) and can use my knowledge to inform sustainability goals and policies. 
Time management was utilised by managing university and work deadlines and good planning helped achieve this. Communication skills were used to communicate with the stakeholders which is a newer skill. Problem solving was used for several aspects of this project including when faced with incomplete data, and software limitations but appropriate action was taken such as using a case study for lack of time and data. I have discovered that I can work well independently if I trust my judgment and seek help where necessary. 
To improve I would like automation of the data extraction process to save time, and I would have stakeholder engagement earlier to get more diverse feedback from more varied teams. I would also allow more time for exploring the carbon impact on digital infrastructure as there is more scope for this. 
Overall, soft skills and technical skills have been improved as well as my confidence in my work throughout this project. It has reminded me why I chose to apply my technical skills to the healthcare sector, and I have enjoyed taking a personal passion about conserving the environment into this. 




[bookmark: _Toc204345890]Appendix
[bookmark: _Toc204345891]Appendix A: Datasets
Data description of all datasets used
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[bookmark: _Toc204340874][bookmark: _Toc204345704]Figure 30 - Snippet of the DatasetExtract.xlsx EPS Data Page extracted from NHS Dashboard
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[bookmark: _Toc204340875][bookmark: _Toc204345705]Figure 31- Snippet of DataExtract.xlsx Practice to Dispenser page with data extracted from NHS Dashboard.
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[bookmark: _Toc204340876][bookmark: _Toc204345706]Figure 32 - Snippet of DataExtract.xlsx Cadwgan Page with data extracted from NHS Dashboard
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[bookmark: _Toc204340877][bookmark: _Toc204345707]Figure 33 - Snippet from Cadwgan_to_Pharmacies_Edited.csv exported from ArcGIS Pro with carbon calculation added
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[bookmark: _Toc204340878][bookmark: _Toc204345708]Figure 34 - Cadwgan_Pharmacies.csv extracted from Health Maps Wales website
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[bookmark: _Toc204340879][bookmark: _Toc204345709]Figure 35 - CadwganSurgery.csv extracted from Health Maps Wales website
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[bookmark: _Toc204340880][bookmark: _Toc204345710]Figure 36 - Snippet from Cadwgan_to_Pharmacies_Edited.csv showing the 2 pharmacies under 1 mile away from the GP (assumed walking distance)
[bookmark: _Toc204345892]Appendix B: Full EPS Framework Document
Pages from the framework
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[bookmark: _Toc204340881][bookmark: _Toc204345711]Figure 37 - EPS Framework Document Page 1
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[bookmark: _Toc204340882][bookmark: _Toc204345712]Figure 38 - Sections 1, 2, and 3 of the EPS Framework
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[bookmark: _Toc204340883][bookmark: _Toc204345713]Figure 39 - Sections 4 and 5 from the EPS Framework Document
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[bookmark: _Toc204340884][bookmark: _Toc204345714]Figure 40 - Section 6 of the EPS Framework Documentation
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[bookmark: _Toc204340885][bookmark: _Toc204345715]Figure 41 - Section 7, 8, 9, and 10 of the EPS Framework Documentation
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[bookmark: _Toc204340886][bookmark: _Toc204345716]Figure 42 - Section 11 and 12 of the EPS Framework Documentation
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[bookmark: _Toc204340887][bookmark: _Toc204345717]Figure 43 - EPS Framework Specific Reference List
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[bookmark: _Toc204340888][bookmark: _Toc204345718]Figure 44 - Appendices section of the EPS Framework Documentation
[bookmark: _Toc204345893]Appendix C: Python Scripts
Including code snippets, regression outputs, and visuals.[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc204340889][bookmark: _Toc204345719]Figure 45 - Python script showing paper savings for all Wales
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[bookmark: _Toc204340890][bookmark: _Toc204345720]Figure 46 - Python script showing repeat prescription scenario analysis
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[bookmark: _Toc204340891][bookmark: _Toc204345721]Figure 47 - Python script showing the EPS carbon savings estimator code
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[bookmark: _Toc204340892][bookmark: _Toc204345722]Figure 48 - Python script showing the drive length vs total carbon emissions
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[bookmark: _Toc204340893][bookmark: _Toc204345723]Figure 49 - Python script showing Annual dispensed items vs total carbon emissions
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[bookmark: _Toc204340894][bookmark: _Toc204345724]Figure 50 - Python output showing the EPS Carbon Savings Estimator[image: A screenshot of a computer
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[bookmark: _Toc204340895][bookmark: _Toc204345725]Figure 51 - Python script showing the EPS Impact analysis for Cadwgan surgery library and data loading
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[bookmark: _Toc204340896][bookmark: _Toc204345726]Figure 52 - Python script showing the EPS Impact analysis for Cadwgan Surgery and understanding the dataset
EPS Impact Analysis for Cadwgan Surgery – Understanding the dataset
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[bookmark: _Toc204340897][bookmark: _Toc204345727]Figure 53 - EPS Impact Analysis for Cadwgan Surgery EPS vs Non-EPS Emissions
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[bookmark: _Toc204340898][bookmark: _Toc204345728]Figure 54 - Python script showing the EPS Impact Analysis for Cadwgan Surgery Forecasting
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[bookmark: _Toc204340899][bookmark: _Toc204345729]Figure 55 - Python script showing the EPS Impact Analysis for Cadwgan surgery and the benchmarking of Cadwgan
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[bookmark: _Toc204340900][bookmark: _Toc204345730]Figure 56 - Python script showing EPS Impact Analysis for Cadwgan Surgery EPS Adoption Code
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[bookmark: _Toc204340901][bookmark: _Toc204345731]Figure 57 - EPS Impact Analysis for Cadwgan Surgery EPS Adoption Visual
[image: A graph of a graph showing the cost of co2

AI-generated content may be incorrect.]
[bookmark: _Toc204340902][bookmark: _Toc204345732]Figure 58 - Python visual showing EPS Impact Analysis for Cadwgan Surgery EPS Monthly Transport Carbon Savings
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[bookmark: _Toc204340903][bookmark: _Toc204345733]Figure 59 - Python visual showing EPS Impact Analysis for Cadwgan Surgery EPS Monthly Paper Carbon Savings
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[bookmark: _Toc204340904][bookmark: _Toc204345734]Figure 60 - Python script showing paper savings Cadwgan EPS Usage as % of all items
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[bookmark: _Toc204340905][bookmark: _Toc204345735]Figure 61 - Python Visual showing Paper Savings Cadwgan EPS Usage as % of All Items
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[bookmark: _Toc204340906][bookmark: _Toc204345736]Figure 62 - Python script showing Paper Savings Cadwgan Monthly Carbon Savings and Change
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[bookmark: _Toc204340907][bookmark: _Toc204345737]Figure 63 - Python script showing Paper Savings Cadwgan Heatmap
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[bookmark: _Toc204340908][bookmark: _Toc204345738]Figure 64 - Python script showing Paper Savings Cadwgan Linear Regression
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[bookmark: _Toc204340909][bookmark: _Toc204345739]Figure 65 - Python script showing Scenarios Code
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[bookmark: _Toc204340910][bookmark: _Toc204345740]Figure 66 - Python showing Scenarios output

[bookmark: _Toc204345894]Appendix D: Additional Visuals 
Full Power BI screenshots, ArcGIS maps.

	Persona
	Role and Goals
	Requirements
	Challenges
	Design Implications

	Civil Servant
	Implement policies that align with the Wales Net Zero by 2030 goals.
	Evidence based results, with understandable and relevant visualisations.
	It is hard to implement a national policy benefiting the environment and accessibility, especially in rural areas.
	Actionable insights and recommendations.

	Carbon Monitoring Expert
	Supporting the public sector to manage their carbon metrics.
	Clear methodology for scalability, access to raw data, and GIS information.
	Making sure that it is comparable to other areas.
	Documentation and data exporting/downloads.

	Health Board Pharmacy Lead
	Ensures prescription delivery and pharmacies operate efficiently.
	Evidence to support improved patient care as well as reduced carbon.
	Budget issues restricting implementation, staff training on technology, digital access concerns for patients.
	Prioritise patient outcomes, lessened costs, and the feasibility for implementation.

	Journalist/Interested member of the public
	An interest in sustainability within healthcare.
	Easy to understand visuals, and good explanations.
	Limited technical abilities, with the need for reliable and accessible information.
	Easy to understand language and visuals.

	International Digital Health Policy Officer
	Looks for data in other regions/countries to relate to their own area.
	Interested in the case study, and the techniques used to scale it. Needs to understand the challenges.
	Understanding the population and following the methods used with different data from different systems.
	Scalability of the project, and the challenges and lessons learnt.


[bookmark: _Toc204340844]Table 1 - Personas
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[bookmark: _Toc204340911][bookmark: _Toc204345741]Figure 67 - ArcGIS Pro Drive-time plotted map
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc204340912][bookmark: _Toc204345742]Figure 68 - ArcGIS Pro Drive-time export
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[bookmark: _Toc204340913][bookmark: _Toc204345743]Figure 69 - Power BI Dashboard Home Page
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[bookmark: _Toc204340914][bookmark: _Toc204345744]Figure 70 - Power BI Dashboard Notes Page
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc204340915][bookmark: _Toc204345745]Figure 71 - Power BI Dashboard GP Practice Overview - Wales Page
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[bookmark: _Toc204340916][bookmark: _Toc204345746]Figure 72 - Power BI Dashboard Cadwgan Monthly EPS and Carbon Paper Trends Page
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[bookmark: _Toc204340917][bookmark: _Toc204345747]Figure 73 - Power BI Dashboard Cadwgan Pharmacy Transport Emissions Overview Page
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[bookmark: _Toc204340918][bookmark: _Toc204345748]Figure 74 - Power BI Dashboard Cadwgan Pharmacy Efficiency Transport Emissions Page
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[bookmark: _Toc204340919][bookmark: _Toc204345749]Figure 75 - Power BI Dashboard GP to Pharmacy Transport Emissions Table
[bookmark: _Toc204345895]Appendix E: Power BI Stakeholder Survey
[image: A close-up of a paper

AI-generated content may be incorrect.]
[bookmark: _Toc204340920][bookmark: _Toc204345750]Figure 76 - Power BI Dashboard Feedback Survey Page 1 and 2
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[bookmark: _Toc204340921][bookmark: _Toc204345751]Figure 77 - Power BI Dashboard Feedback Survey Page 3 and 4
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[bookmark: _Toc204340922][bookmark: _Toc204345752]Figure 78 - Power BI Feedback Survey Page 5 and 6
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[bookmark: _Toc204340923][bookmark: _Toc204345753]Figure 79 - Power BI Feedback Survey Page 7 and 8
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[bookmark: _Toc204340924][bookmark: _Toc204345754]Figure 80 - Power BI Feedback Survey Page 9
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[bookmark: _Toc204340925][bookmark: _Toc204345755]Figure 81 - Power BI Dashboard Feedback Survey Excel Format
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[bookmark: _Toc204340926][bookmark: _Toc204345756]Figure 82 - Power BI Feedback Survey Analysis Defining Likert Questions
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[bookmark: _Toc204340927][bookmark: _Toc204345757]Figure 83 - Power BI Feedback Survey Analysis Summarise and Run Likert Analysis
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[bookmark: _Toc204340928][bookmark: _Toc204345758]Figure 84 - Power BI Feedback Survey Analysis Likert Output Example
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[bookmark: _Toc204340929][bookmark: _Toc204345759]Figure 85 - Power BI Feedback Survey Analysis Binary Question Example
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[bookmark: _Toc204340930][bookmark: _Toc204345760]Figure 86 - Power BI Feedback Survey Analysis Multiple Choice Example
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[bookmark: _Toc204340931][bookmark: _Toc204345761]Figure 87 - Power BI Feedback Survey Analysis free text word cloud
[bookmark: _Toc204345896]Appendix F – Initial Stakeholder Survey
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[bookmark: _Toc204340932][bookmark: _Toc204345762]Figure 88 - Initial Stakeholder Survey Page 1 and 2
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[bookmark: _Toc204340933][bookmark: _Toc204345763]Figure 89 - Initial Stakeholder Survey Exported Data
[image: A screen shot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc204340934][bookmark: _Toc204345764]Figure 90 - Initial Stakeholder Survey (Would you expect to see actionable change implemented based on the findings from this investigation?)
[image: A screenshot of a graph

AI-generated content may be incorrect.]
[bookmark: _Toc204340935][bookmark: _Toc204345765]Figure 91 - Initial Stakeholder Survey (Would you find it helpful for the dashboard to include comparisons between different sites or time periods?)
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[bookmark: _Toc204340936][bookmark: _Toc204345766]Figure 92 - Initial Stakeholder Survey (How useful do you think a dashboard showing EPS related carbon savings would be for your role or team?)
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[bookmark: _Toc204340937][bookmark: _Toc204345767]Figure 93 - Initial Stakeholder Survey (Who do you think would be the most interested in this type of information?)
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[bookmark: _Toc204340938][bookmark: _Toc204345768]Figure 94 - Initial Stakeholder Survey (Do you think that the public would be interested in understanding carbon savings in healthcare?)
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# Linear Regression Analysis: Predicting CO: Savings from EPS Items
# Features (X) and target (y)
x
y

GF[["EPS Ttems']]
df[*co2 savings from EPS Items']

# Fit the model
model = LinearRegression()
model. fit(X, y)

# Display results
print(f'Intercept: {model.intercept_}")
print(f"Coefficient: (model.coef_[0]}")

# Predict savings at a new practice using 15,000 EPS items, with feature names preserved
newX = pd.DataFrame({'EPS Items': [15000]})

predicted savings = model.predict(new_X)

print(f"Predicted CO; savings: {predicted_savings[0]:-2} kg")

# add calculation to put it in perspective with something else.

Intercept: 1.1368683772161603¢-13

Coefficient: ©.022499999999999992
Predicted CO; savings: 337.50 kg
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Carbon produced if all prescriptions were paper vs the carbon saved by EPS
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Miles vs Carbon Savings per Item by Pharmacy
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[113]:

# Load the Cadwgan monthly data from the Excel file
cadwgan_df = pd.read_excel(“Dashboardextract.xlsx", sheet_name="Cadwgan", engine="openpyxl")

# calculate C02 saving per item for each month
cadwgan_df["co2_saving_per_item"] = cadwgan_df["co2 savings from EPS Items"] / cadwgan df["All Items "]

# Compute the average C02 saving per item
avg_saving_per_item = cadwgan_df["co2_saving_per_item"].mean()

# Load the EPS data from the Excel file +
eps_data_df = pd.read_excel ("DashboardExtract.xlsx", sheet_name="EPS Data”, engine="openpyx1")

# Sum the total EPS items across all practices
total_eps_items = eps_data_df["EPS Ttems"].sum()

# Estimate the total 02 savings if all practices operated Like Cadwgan]
estimated_total _savings = total_eps_items * avg_saving_per_item

# Print the results
print(f"Average CO2 saving per item at Cadwgan: {avg_saving_per_item:.6f} kg")
print(f*Total EPS items across all Welsh practices: {total_eps_items}")

print(f"Estimated total C02 savings if all practices operated like Cadwgan: {estimated_total _savings:.2f} kg")

Average C02 saving per item at Cadwgan: ©.017147 kg
Total EPS items across all Welsh practices: 3343646
Estimated total CO2 savings if all practices operated like Cadwgan: 57332.68 kg
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Repeat prescription scenario analysis

import pandas as pd

# Load the EPS data from the Excel file
eps_df = pd.read_excel("DashboardExtract.xlsx", sheet_name="EPS Data”, engin

“openpyx1")

# Sum the total number of repeat prescriptions (eRD Items)
total_repeat_items = eps_df["eRD Items"].sum()

# Average co2 saving per item at Cadwgan (from previous analysis)
avg_saving_per_item = 0.017147 # in kg

# calculate the estimated total €02 savings
estimated savings_repeat only = total repeat items * avg_saving per_item

# output the result
print(f"Total repeat prescriptions (eRD Items) across Wales: {total_repeat_items}")
print(f"Estimated C02 savings if all repeat prescriptions were EPS: {estimated_savings_repeat_only:.2f} kg")

Total repeat prescriptions (eRD Items) across Wales: 76834.0
Estimated €02 savings if all repeat prescriptions were EPS: 1317.47 kg
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[22]: # ---- Visual 1: EPS % over time -
plt.figure(figsize=(10, 5))
plt.plot(df.index, df['EPS %'], marker="0", color="purple’)
plt.title("EPS Usage as Percentage of ALL Items')
plt.ylabel('EPS %')
plt.grid(True)
plt.tight_layout()
plt.show()
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[28]:

# ---- Visual 3: Correlation Heatmap ----

plt. figure(figsize=(6, 4))

corr = df[['EPS Items', 'All Items ', 'Co2 from all items', 'co2 savings from EPS Items', 'EPS %']].corr()
2F")

sns.heatmap(corr, annot=True, cmap='coolwarn’, fmt:
plt.title("Correlation Heatmap")
plt.tight_layout()

plt. show()

Correlation Heatmap

EPS Items

-

All Items _05

Co2 from all items

co2 savings from EPS Items 0.0

EPS %

All Items

EPS Items

€02 savings from EPS Items




image23.png
Usability: | thought the dashboard was easy to use.

Response
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Usability: | felt very confident using the dashboard.
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Layout & Visuals: The dashboard was visually appealing.
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Layout & Visuals: The visuals helped me understand the data better.
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Adaptability: The dashboard design could be reused by someone in a different region or country

Count

Response
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Adaptability: The dashboard structure supports ongoing updates and data refreshes.
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Do you think that the dashboard helped you understand the impact of EPS on carbon emissions in Wales?

Not Sure

95.0%

Yes
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Do you believe the EPS system contributes to reducing carbon emissions based on the data shown?

Not sure

95.0%
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Sentiment Analysis Summary:
count 20.000000

mean 0.242756
std ©0.162035
min -98.250000
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1.Summary

This framework outlines the structure and methodology for evaluating the carbon emissions
related to the Electronic Prescription Service (EPS) implementation in Wales. This includes data
sources, tools, analytical approaches, and outputs used to evaluate the paper and transport
related emissions. The framework has been designed with scalability in mind for other GP
practices, or other industries with similar data structures.

2. Purpose and scope
This EPS Framework aims to:

e Calculate the carbon savings from the EPS implementation.

 Provide methodology that is reproducible for other practices, health boards, and others
who have similar data structures.

o Support the NHS net zero carbon goals by 2030.
* Model for scenarios and evaluate policies.

3. Governance and compliance

In this project correct protocols have been adhered to. There’s no patient identifiable
information used reducing privacy risks, all data has been sourced from reputable sources
including the NHS, emissions stats were gathered from the Government GHG Conversion
Factors, and this framework aligns with the DHCW Data Governance policies [1][5].
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4. Stakeholders
Digital Health and Care Wales
GP Practices and Health Boards
Welsh Government

Pharmacy contractors

5. Data sources and Licencing

Source

Description

Health Maps Wales
(Cadwgan_to_Pharmacies_Edited.csv)

GP and Pharmacy Locations. Cleaned csv file
for scenario modelling and Power Bl
Visualisations [3].

NHS EPS Dashboard (DashboardExtract.xlsx)

EPS and repeat item counts

UK GHG Conversion Factors 2024

CO2 per mile and per paper sheet
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6. Methodology

6.1 Data collection and filtering

= Data was filtered for Cadwgan GP Practice and ts related pharmacios [3].
= ArCGIS Prowas used to calculate drve-times 4].
Pharmacies within 1 mile of the GP were removed from the dataset (assumed walking
distance).
= EPS data was manualy extracted row by row from the NHS Dashiboard [2].

6.2 Drive time and transport emissions

= Drive distancos woro multipliod by 0.2733kg of carbon per mile 1]
= The carbon emissions wer normalised per tem and scaled nationally.

6.3 Paper savings analysis
« Carbon saings pe o wer calculated based on 0.225 kg of carbon produced per
shoatof paper [1161.
« Cadiwgan's averago carbon was scaled toanational evel of S tems.
6.4 Repeat prescription scenario
« 6RD tems were taken and mutpled by the average carbon savingsper .

6.5 Forecasting and benchmarking

« Linear rgrossion was used for Cadwgan trends.
« Cacwgan was benchmarked against the other practices using the EPS adoption rates

6.6 Dashboard Integration

= Power Blwas used to isualise the EPS uptake, the carbon savings for both transport
‘and papes, and the pharmacy specifc emissions 2}

6.7 Scenario Modelling and Equivalent Analysis

The script €75 002 Equivalence_ four difteent ata
evel.

1. EPS carbon savingsfor al prescriptions.
2. Transport rolated carbon emissions for Walos based on Cadwgan data
3. EPS carbon savingsfor just the repeat presciptions.
4. Transport carbon savings for just the repeat prescriptions.
‘The carbon totals were put into perspective based on miles drven (0.2733 kgof carbon per
mile) rees planted (2177 k carbon per ree per year){7], and home energy usage metrics
(0.038kg of carbon per day 1]/8].
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7.Code and automation
The python scrits have been designed to e easiy reused and repurposed.

Script Name. Description

Transport_Emissions_Analysis_Cadwgan | Calculated GP to Pharmacy tansport

National Paper_and Transpor Savings | Scaled Cadwgan Paper and Transpor savings
tonational tevel

EPS Trand Fo ‘& and_Bonchmarking | Fo EPS uptake and bor e
‘Cadwgan GP Practice

‘Cadwgan Paper_Savings Analysis Visualisos the EPS usage and carbon savings
for Cadwgan GP Practice

EPS_CO2_Equivalonce Scenarios ‘Converts carbon savingslerissions Ino real
world equivatents for comparison

8.0utputs and metrics

Estimated carbon savings from paper across Wales: 57,333,504g.
Estimated tansport emissions saved across Wales: 2,764,777.294g.
Repeat prescription only savings through EPS in Wales: 1,317.47 kg
Papershaets saved across Wales: 179,093

EPStoms: 3,343,545

Power BI Dashiboard showing EPS Trends and carbon information.

9.Reusability and scalability

= Scripts e aasily changeable thiough alering the source, and table names. They ae not
hardcoded.
Methodology is availablefo replication.
Power BI Dashiboards can bo easil efreshed from the excel tabl from within the Power
BlApp.

« Foadback fom that the: has been wellorganised. s
reproducible,and adaptable.

10.  Limitations and Risks

Manual data extraction imited scalabilty.
« Assumed thatdistances under 1 mile would encourage peopla to walk from GP to
pharmacy.
EPS adoption wilvary by practice.
Drve-tength estimates depend on the accuracy of the outing calculations.
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11. Recommendations

The recommendations from this project are a follows:

Promote the EPS and ateast the repeat pescriptions on EPS Nationally.
‘Automate the data extraction process from NHS Dashboards.
Intograte EPS statistics nto NHS digital reporting tools forfurther exposure.
Expand the framework o other practices.

Maintain and update the Power BI dashboard regulary.

12.  Glossary
EPS: Electronic rescripton Service:
RD: Elecronic Repeat Dispensing
GHG: Greenhouse Gas
CO2: Carbon Diavice
'DHCW: Digtal Health and Care Wales
NS: Natonal Heaith Senice
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14.  Appendices

‘Appendix A: Screenshots of ArcGIS, Power Bl and Excel
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import pandas as pd

Paper Savings all Wales

# Load the Cadwgan monthly data from the Excel file
cadugan_df = pd.read_excel("DashboardExtract.xlsx", sheet_name="Cadwgan", engine=

‘openpyx1")

# Calculate C02 saving per item for each month
cadwgan_df["co2_saving_per_item"] = cadwgan_df["co2 savings from EPS Ttems"] / cadwgan_df["All Ttems "]

# Compute the average C02 saving per item
avg_saving_per_item = cadugan_df["co2_saving_per_iten"].mean()

# Load the EPS data from the Excel file
eps_data_df = pd.read_excel("DashboardExtract.xlsx”, sheet_name="EPS Data", engine="openpyxl")

# Sum the total EPS items across all practices
total_eps_items = eps_data_df["EPS Items"].sun()

# Estimate the total C02 savings if all practices operated Like Cadwgan
estimated_total_savings = total_eps_items * avg_saving_per_item

# Print the results
print(f"Average C02 saving per item at Cadwgan: {avg_saving per_item:.6f} kg")

print(f"Total EPS items across all Welsh practices: {total_eps_items}")

print(f"Estimated total C02 savings if all practices operated like Cadwgan: {estimated_total _savings:.2f} kg")

Average C02 saving per item at Cadwgan: 0.017147 kg
Total EPS items across all Welsh practices: 3343646
Estimated total C02 savings if all practices operated like Cadwgan: 57332.68 kg
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Repeat prescription scenario analysis
import pandas as pd

# Load the EPS data from the Excel file
eps_df = pd.read_excel("DashboardExtract.xlsx", sheet_na

EPS Data”, engine="openpyxl")

# Sum the total number of repeat prescriptions (eRD Items)
total_repeat_items = eps_df["eRD Items"].sun()

# Average C02 saving per item at Cadwgan (from previous analysis)
avg_saving_per_item = 0.617147 # in kg

# Calculate the estimated total C02 savings
estimated_savings_repeat_only = total_repeat_items * avg_saving per_item

# Output the result
print(f"Total repeat prescriptions (eRD Items) across Wales: {total_repeat_items}")
print(f"Estimated C02 savings if all repeat prescriptions were EPS: {estimated savings_repeat_only:.2f} kg")

Total repeat prescriptions (eRD Ttems) across Wales: 76834.0
Estimated C02 savings if all repeat prescriptions were EPS: 1317.47 kg
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import pandas as pd
mport. atploclib.pyplot as ple
mport. seaborn 35 sns

# Lood the csv.
F = pd.resd_cov("Cadugan_to_Pharmacies_Edited.csv")

# strip whitespace frow colum naves.
. colums - . colums. str. strip(). str. replaca(

# Check new colunn names
print(“Colums:", of.columns.to1ist())

# Sumarize total miles ond C2
total wiles = af[“Total_Miles"].sun()
total_co2 = dF("Total kg co2"].5un()

print(F'Total miles driven: (total_niles:.2F) miles)
print(F'Total C02 enissions: {total_co2:.26) ke")

# Scatter plot: Drive Length vs CO2
Pl Figure(Figsize=(10,6))

sns.scatterplot (datasdf, x="Total_Drive_Lengeh, y="Totalkg_co2")
PIE.title("Drive Length vs Total CO2 Enissions™)

Pt xlabel ("Drive Lengeh (miles)”)

PIE.ylabel(“Total co2 Enissions (kg)")

Pt grid(True)

P2t zhou)

# Scotter plot: Dispensed Itens vs C02
Pt Figure(Figsize=(10,6))

sns. scatterplot (datasf, x-"Annus)_cispensed_itens”, y-"Total kg co")
PIE.title("Anmual Dispensed Ttess vs Total CO2 Exissions™)

Pt xlabel (“Anmua1 Dizpened Icers”)

PIE.ylabel(“Total Co2 Enissions (kg)")

Pt grid(True)

P2t zhou)

# Sumary
prin (e

Sumary:

ot miles driven fFrom 69 to Pharmacies: [total_miles:.2f) miles

- Total 02 enissions fron GP to Pharmacy location: {total_co2:.2F) kg

This data supports the idea that Electronic Prescription Services (EPS) reduce unnecessary travel,
Shereby louering both drive lengths and resulting CO2 enissions.
=5)

Columns: (66", “Pharnacy’, “Totsl_brive_Length', “Annusl_dispensed itens’, “kg_co2', “Total Miles', Totsl kg cod']
Total miles driven: 095893 miles
Total C02 enissions: 13927.87 kg
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Summary:
“otal miles driven fFrom 68 to Pharmacies: 59958.93 niles
T ot oz snissions from G <o Phareacy location: 1:927.87 ke

This data supports the ides that Electronic Prescription Services (EPS) reduce umnecessary travel,
thereby lowering both drive lengths and resulting CO2 emissions.
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- EPS Impact Analysis for Cadwgan Surgery

This notebook analyzes the environmental impact of the Electronic Prescription Service (EPS) at Cadwgan Surgery using two datasets:

* Cadugan_to_pharmacies. csv : Contains pharmacy-level dispensing and emissions data.
« DashboardExtract.xLsx : Contains EPS usage data across practices and monthly EPS trends for Cadwgan.

We will:

1. Compare EPS vs. non-EPS emissions.

2. Forecast future CO, and paper savings.

3. Benchmark Cadwgan Surgery against other practices.
4. Visualize the results.

import pandas as pd
import numpy as np

import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.linear_model import LinearRegression
from datetime import datetime

smatplotlib inline

# Load CSV and Excel data
pharmacy_df = pd.read_csv("Cadwgan_to_pharmacies_Edited.csv")
excel_data = pd.read_excel("DashboardExtract.xlsx”, sheet_name=None, engi

*openpyx1*)
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# Extract relevant sheets
eps_data = excel_data["EPS Data”]
cadwgan_monthly = excel_data[ "Cadwgan”]

# Clean column names

pharmacy_df.columns = pharmacy_df.columns.str.strip()
eps_data.colums = eps_data. columns.str.strip()
cadwgan_monthly. colums = cadwgan_monthly.columns.str.strip()

print(pharmacy_df.columns . tolist())
print(eps_data. columns. tolist())

['GP", Pharmacy’, 'Total Drive_Length’, "Annual dispensed items’, 'kg co2’, 'Total Miles', 'Total kg co2']
['Practice’, "Dispensing Practice’, 'EPS Items', 'EPS Forms’, 'eRD Ttems', 'eRD Utilisation']
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1. EPS vs. Non-EPS Emissions

# Total emissions and items

total_emissions = pharmacy_df["Total kg co2"].sun()
total_items = pharmacy_df["Annual dispensed items”].sum()
emissions_per_item = total_emissions / total_items

# Cadwgan EPS data
cadwgan_eps_items = eps_data.loc[eps_data[ "Practice”].str.contains("CADWGAN"), "EPS Ttems"].values[0]
cadwgan_total_items = eps_data.loc[eps_data["Practice”].str.contains("CADHGAN"), "EPS Forms"].values[@]

# Estimate EPS emissions and savings

estimated_eps_emissions = cadwgan_eps_items * emissions_per_item
estimated_savings = total_emissions - estimated_eps_emissions
est:

mated_paper_savings = cadwgan_eps_items # 1 sheet per item

print(f"Total Emissions: {total emissions:.ef} kg C02")
print(f"Estimated EPS Emissions: {estimated_eps_emissions:.0f} kg C02")
print(f"Estimated C02 Savings: {estimated_savings:.8f} kg C02")
print(f"Estimated Paper Savings: {estimated_paper_savings:.8f} sheets”)

Total Emissions: 13928 kg CO2

Estimated EPS Emissions: 148087 kg CO2
Estimated 02 Savings: -134160 kg C02
Estimated Paper Savings: 179093 sheets
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2. Forecasting Future CO, and Paper Savings

# Prepare monthly data

cadwgan_monthly[ "Month"] = pd.to_datetime(cadwgan_monthly[“Month"])

cadwgan_monthly[ "EPS Ratio”] = cadwgan_monthly["EPS Ttems"] / cadwgan_monthly["All Ttems"]
cadwgan_monthly[ "C02 Savings”] = cadwgan_monthly["EPS Ttems"] * emissions_per_item
cadwgan_monthly[ "Paper Savings”] = cadwgan_monthly["EPS Ttems"]

# Forecast EPS ratio

cadwgan_monthly[ "Month_Ordinal”] = cadwgan_monthly["Month"].map(datetime. toordinal)
X = cadwgan_monthly[["Month_Ordinal”]]

y = cadwgan_monthly[ "EPS Ratio"]

model = LinearRegression().fit(X, y)

# Predict next 6 months

future_months = pd.date_range(start=cadwgan_monthly["Month"].max() + pd.DateOffset(months=1), periods=
future_ordinal = future_months .map(datetime. toordinal)

future_eps_ratio = model.predict(future_ordinal.to_numpy().reshape(-1, 1))

, freq="Ms’

# Display forecast
forecast_df = pd.DataFrame({"Month": future months, "Forecast EPS Ratio”: future_eps_ratio})
print(forecast_df)

Month Forecast EPS Ratio

© 2025-05-01 1.091781
1 2025-06-01 1.159468
2 2025-07-01 1.224972
3 2025-08-01 1.292660
4 2025-09-01 1.360347

5 2025-10-01 1.425851
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3. Benchmarking Cadwgan Surgery

# EPS adoption rate
eps_data[ "EPS Adoption”
benchmark_df = eps_data[["Practice”

eps_data["EPS Ttems"] / eps_data["EPS Forms”]
EPS Adoption”]].dropna().sort_values(by="EPS Adoption”, ascending=False)

# Show top 5
benchmark_df . head()

Practice EPS Adoption

72 \W98035 - RIVERSIDE SURGERY 2731070
58 W97008 - LLAN HEALTHCARE 2618641
60 W97027 - RUMNEY PRIMARY CARE CENTRE 2616785
40 W95009 - LLYNFI SURGERY 2607520

a2 \W95012 - WOODLANDS SURGERY 2512178
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4. Visual Storytelling

# EPS Adoption Trend

plt.figure(figsize=(10, 6))

sns.lineplot(data=cadugan_monthly, x="Month", y="EPS Ratio", marke
plt.title("EPS Adoption Over Time at Cadwgan Surgery”)
plt.ylabel(“EPS Ratio”)

plt.xticks(rotation=45)

plt.tight_layout()

plt.show()

# €02 Savings

plt.figure(figsize=(10, 6))
sns.barplot(data=cadwgan_monthly, x="Month", y=
plt.title("Monthly CO2 Savings from EPS")
plt.ylabel("C02 Savings (kg)")
plt.xticks(rotation=45)

plt.tight_layout()

plt.show()

# Paper Savings

plt.figure(figsize=(10, 6))
sns.barplot(data=cadwgan_monthly, x="Month",
plt.title("Monthly Paper Savings from EPS")
plt.ylabel("Paper Savings (sheets)”)
plt.xticks(rotation=45)

plt.tight_layout()

plt.show()

="Paper Savings”, color="blue")
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[22]:

import pandas as pd
import matplotlib.pyplot as plt

import seaborn as sns

from sklearn.linear_model import LinearRegression
import numpy as np

# Load the data
df = pd.read_excel("DashboardExtract.xlsx”, sheet_name="Cadwgan”)

print(df. colums . tolist())
["Month®, 'EPS Ttems', 'All Ttems ', 'Co2 from all items’, 'co savings from EPS Ttems']
# add calculated field

df["EPS %'] = GF['EPS Ttems'] / ¢f['All Ttems '] * 100
df["C02 Savings Change'] = df['co2 savings from EPS Ttems'].diff()

# Set Month as index for time series plots
df.set_index("Month’, inplace=True)

# Visual 1: EPS % over time ----
plt.figure(figsize=(10, 5))

plt.plot(df.index, df['EPS %'], marker='o’, color="purple’)
plt.title("EPS Usage as Percentage of All Ttems')
plt.ylabel("EPS %')

plt.grid(True)

plt.tight_layout()

plt.show()
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[26]: # ---- Visual 2: CO2 Savings over time ---- £E P &P
plt.figure(figsize=(10, 5))
plt.plot(df.index, df['co2 savings from EPS Items'], marker='o’, color='green’, label="C0; Saved')
plt.plot(df.index, df['CO2 Savings Change'], marker= » label="Honthly Change")
plt.title("Monthly CO: Savings and Change')
plt.ylabel('COs Saved (kg)')
plt.legend()
plt.grid(True)
plt.tight_layout()
plt.show()
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# Visual 3: Correlation Heatmap ----
plt.figure(figsize=(6, 4))

corr = df[['EPS Items’, 'All Items ', 'Co2 from all items’, 'co2 savings from EPS Items’, 'EPS %']].corr()
sns.heatmap(corr, annot=True, cmap='coolwarm’, fmt=".2f")

plt.title("Correlation Heatmap™)

plt.tight_layout()

plt.shou()
Correlation Heatmap

1.0

EPS Items
All ltems. - 05
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o2 savings from EPS Items -0.24 0.0
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[4]: import pandas as pd

# Load Cadugan monthly data to calculate average EPS CO2 saving per item
cadugan_df = pd.read_excel("DashboardExtract.xlsx", sheet_name="Cadugan", engine="openpyxl")
cadugan_df["co2_saving_per_iten"] = cadugan_df["co2 savings from EPS Items"] / cadwgan df["All Items "]
avg_eps_saving per_item = cadwgan_df["co2_saving per_item"].mean()

# Load EPS data for all Welsh practices
eps_df = pd.read_excel("DashboardExtract.xlsx", sheet_nam
total_eps_items = eps_df["EPS Ttems"].sum()
total_repeat_items = eps_df["eRD Items"].sum()

‘openpyx1")

EPS Data”, engine

# Load Cadugan transport data to calculate average transport CO2 per item
transport_df = pd.read_csv("Cadugan_to_pharmacies_Edited.csv”
total_transport_co2 = transport_df["Total kg co2 "].sum()
total_dispensed_items - transport_df["Annual dispensed items”].sum()
avg_transport_co2_per_item = total_transport_co2 / total_dispensed_items

# - Scenario
eps_total_savings

EPS €02 savings across all prescriptions -—-
total_eps_items * avg_eps_saving_per_item

# - Scenario

: Transport C02 emissions if all practices matched Cadugan ---
transport_total_emissions - total_eps_items * avg_transport_co2_per_item

# -~ Scenario 3: EPS 02 savings for repeat prescriptions only ---
eps_repeat_savings - total_repeat_items * avg_eps_saving_per_item
transport_repeat_emissions - total_repeat_items * avg_transport_co2_per_item

#

-~ Real-world equivalents ---

def miles_driven(kg_co2): return kg_co2 / 0.2733 # Correct UK GHG factor
def trees_planted(kg_co2): return kg co2 / 21.77 # 21.77 kg CO2 per tree per year
def home_days (kg_co2): return kg_co2 / 0.638 # 0.038 kg CO2 per home per day
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Scenario 1: EPS CO2 Savings Across All Prescriptions
Average CO2 saving per item: 0.017147 kg

Total EPS items: 3343646

Estimated total CO2 savings: 57332.68 kg

Equivalent to driving 209,779 miles

Equivalent to planting 2,634 trees

Equivalent to pouering a home for 1,508,755 days

# Caveat: Assumes all practices achieve Cadugan's EPS efficiency.

Scenario 2: Transport C02 Emissions if ALL Practices Matched Cadwgan
Average transport CO2 per item: 0.326875 kg

Estimated total transport CO2 emissions: 2764775.77 kg

Equivalent to driving 10,116,267 miles

Equivalent to planting 126,999 trees

Equivalent to pouering a home for 72,757,257 days

# Caveat: Assumes transport patterns are similar across all practices.

Scenario 3: EPS CO2 Savings for Repeat Prescriptions Only
Total repeat prescriptions (eRD Items): 76834.0

Estimated CO2 savings: 1317.45 kg

Equivalent to driving 4,821 miles

Equivalent to planting 61 trees

Equivalent to pouering a home for 34,670 days

# Caveat: Assumes repeat prescriptions have the same EPS efficiency as all items.

Scenario 4: Transport C02 Emissions for Repeat Prescriptions Only
Estimated transport CO2 emissions: 63532.08 kg

Equivalent to driving 232,463 miles

Equivalent to planting 2,918 trees

Equivalent to pouering a home for 1,671,397 days

# Caveat: Assumes repeat prescriptions have the same transport profile as all items.
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Data Source: NHS Shared Services EPS Dashboard

The "GP Practice Overview - Wales" page provides a high-level summary of all GP practices across Wales.

Al other pages focus on Cadwgan GP Practice, which has been used as a case study. The dashboard is designed to scale and
accommodate additional GP and pharmacy data in future updates.

Carbon emissions were estimated using the UK Government GHG Conversion Factors for Company Reporting (2024):
Car travel emissions: 0.273315663 kg CO, per mile
(based on an average petrol car. direct emissions only)
“Total Miles' Refers to the journey no longer being taken from GP to Pharmacy.
Paper emissions: 0.0225 kg CO, per A4 sheet
(assumes standard 80gsm virgin office paper)
These metrics have been applied to calculate the estimated environmental impact of prescription-related travel and paper usage.
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Cadwgan Monthly EPS & Carbon Paper Trends
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Pharmacy Transport Emissions Overview
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Carbon Emissions and Insights

3. Do you think that the dashboard helped you understand
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Reproducibility and Scalability

Rate these statements from Strongly Agree to Strongly Disagree.

6. Reproducibility

The dashboard
design could be
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Open-ended feedback

8. What did you lie most about the dashboard? *

9. What did you find confusing or diffcultto understand *

0. What would you improve or change about the dashboard?

1. Do you have any suggestions for making the carbon
emissions data more impactful or easier to interpret? *

2. If you were to use ths dashboard o look at your own
region what changes would you need to make? *

3. Any additional comments or feedback? *
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# -~ Define Likert Question Groups
usability_questions = [
"I thought the dashboard was easy to use.”,
"I felt very confident using the dashboard
“I think most people would learn to use the dashboard very quickly.”,
"I think that I would use this dashboard frequently.
"I was able to find the information I needed quickly.

layout_questions = [
“The layout of the dashboard was intuitive.”,
“The dashboard was visually appealing.”,
“The visuals helped me understand the data better.”,
“The interactivity (filters and slicers) improved my experience.”

1

adaptability_questions = [
“The dashboard design could be reused by someone in a different region or country”,
“The structure of the dashboard is flexible enough to accommodate different datasets.”
“The logic and calculations behind the visuals are transparent and understandable.”,
“The data model and relationships are easy to follow and replicate.”,
“I would feel confident adapting this dashboard for a different healthcare system or context.”,
“The dashboard would still perform well with a significantly larger dataset
“The visuals would remain clear and interpretable with more data.”,
“The filters and slicers are designed to handle a wide range of values
“The dashboard structure supports ongoing updates and data refreshes.”,
“The performance of the dashboard would not degrade with more complex data.
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# --- Function to Summarize Likert Responses -
def summarize likert(questions, title):
print(f"\n--- {title} ---")
for col in questions:
counts = df[col].value_counts().sort_index()
percentages = counts / counts.sun() * 100
Summary_df = pd.DataFrame({’Count’: counts, 'Percentage’: percentages.round(1)})
print(f"\nQuestion: {col}")
print(sunmary_df)

plt.figure(figsize=(3, 4))
sns.barplot (x=summary_df.index, y=summary_df[’Count'], palette='Blues_r')
plt.title(f"{title}: {col}")

plt.xlabel("Response”)

plt.ylabel("Count”)

plt.xticks (rotatis
plt.tight_layout()
plt.show()

-a5)

# - Run Likert Analysis ---
summarize_likert(usability_questions, "Usability")
summarize_likert(layout_questions, "Layout & Visuals")
summarize_likert(adaptability_questions, "Adaptability”)




image84.png
--- Usability ---

Questior

: I thought the dashboard was easy to use.

Count  Percentage
I thought the dashboard was easy to use.

Agree

B as.0
Disagree 1 5.0
Neutral 2 0.0
Strongly Agree B 0.0

C:\Users\1a252814\AppData\Local \Temp\ipykernel_41348\2942334937.py:12: Futureharning:

Passing “palette’ without assigning “hue’ is deprecated and will be removed in v@.14.0. Assign the “x* variable to “hue’ and set “legend=False’ for the
same effect.

sns.barplot (x=summary_df. index,

unmary_df[Count'], palette="8lues_r*)
Usability: | thought the dashboard was easy to use.
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# --- Binary Questions ---

binary_questions = [
"Do you think that the dashboard helped you understand the impact of EPS on carbon emissions in Walesi
"Do you believe the EPS system contributes to reducing carbon emissions based on the data shown?

1

For col in binary_questions:
counts = df[col].value_counts()
6, 6))
plt.pie(counts, labels=counts.index, autopct='¥1.1f4%', startangle-140, colors=sns.color_palette( pastel’))
plt.title(col)
plt.show()
print(f"\n{col}\n", counts)

plt. Figure(figsiz

Do you think that the dashboard helped you understand the impact of EPS on carbon emissions in Wales?





image86.png
# -—- Multiple-Choice Question ---
multi_col = "Which visusls did you Find nost helpful in understanding carbon savings? (select all that apply)”
visuals_series = df[multi_col).dropna().5tr.split("; ") .explode(). str.strip()

Visual counts - visuals_seriss value councs()

plt. Figure(Figsize=(19, 6))

sns.barplot(x-visual_counts..values, yevisual_counts. index, paletts
pIE.Citle("Most Helpful Visials for Understanding Carbon Savings")
pie.xtabel ("Count™)

Pt ylabel ("Visus1")

plt.cignt_Tayout()

Pt o)

print("\ahost Helpful Visusls:\n", visusl_counts)

virigis')

C:\Users\1a252810\AppData\Local\Temp\ipykern._41348\ 141246425,

+ Futureuarnine:

pascing “paletts without sssigning hus ix deprecated and will be removed in v0.14.0. Assign the 'y varisble to “hue and st legend-alse for the

wirsiat)
Most Helpful Visuals for Understanding Carbon Savings

Carbon Paper Savings over time.

Miles vs Carbon Savings per ltem by Pharmacy.

Visual

Carbon produced if all prescriptions were paper vs the carbon saved by EPS

Total Transport Carbon Savings by Pharmacy

Drive Length by Carbon Savings (kg) per Pharmacy

Annual dispensed items by Total Carbon Savings per Pharmacy
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-~ Open-Ended Responses ---
pen_ended_colums - 8F. columa(23:]
open_text = dF[open_ended_colums . Fi11na(""). pply(lanbda
Conbined_text = * *-join(open_ text)

“.join(x), axis=1)

# bord Clows
vordcloud = WordCLoud(uidth=308, height=40, background_colon="uhite") .generate(conbined_text)
Pt figure(Figsize=(18, ))

PIE. inshou(uondcloud, interpolation="bilinear’)

Pt axis("of")

PIE.title(Hond Cloud of Open-Ended Feadback")
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