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Executive Summary 
 

Project CAELUS: Transforming Scottish Healthcare Logistics 

What is the project? 

CAELUS is an innovative initiative aimed at modernising medical logistics in Scotland by creating the UK's first 

national distribution network utilising drones. The project seeks to improve the efficiency and equity of medical 

supply transport across the country. 

Golden Thread: How CAELUS fits within a wider vision  

CAELUS is at the junction of two strategic visions. Firstly, Innovate UKΩs Future Flight Challenge aiming for the UK 

to be at the forefront of the third aviation revolution benefitting citizens and the economy. Secondly, NHS 

Scotland has a strategic vision to deliver a world-class health service that is equitable and sustainable, and 

technology can support this.  

Addressing Existing Challenges 

The project aims to address several critical issues currently impacting medical logistics in Scotland: 

1. Geographical Challenges: Remote and sparsely populated areas struggle with timely access to medical 

supplies. Rural and remote patients often travel long distances to access services. 

2. Demographic Changes: An aging population and increasing healthcare demands require a scalable 

logistics system. 

3. Workforce Limitations: Staffing shortages and an aging workforce in the healthcare sector necessitate 

innovative logistical solutions. 

Aligning with Strategic Policies 

Project CAELUS aligns with key strategic policies that prioritise efficient and equitable healthcare delivery: 

1. Health Equity: The "Once for Scotland" Recovery Plan focuses on reducing health inequalities and 

improving access to care. 

2. NHS Recovery Plan 2021-26: The project supports objectives to enhance service delivery and patient 

outcomes. 

3. National Services Scotland: The project promotes technological innovation to improve healthcare 

services and operational efficiency. 

4. Delivering Value Based Health and Care: CAELUS aims to optimize resource allocation and ensure 

effective healthcare service delivery. 

Spending Objectives 

The implementation of drones will target the following spending objectives: 

¶ Effectiveness: Enhance social value through improved socio-economic outcomes and better quality of 

public services. 

¶ Efficiency: Increase throughput and reduce unit costs, improving outputs relative to inputs. 

¶ Re-procurement: Ensure business continuity by replacing obsolete transport methods with advanced 

UAV technology. 
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Expected Outcomes 

The implementation of CAELUS is expected to deliver significant benefits including: 

Operational Benefits: 

¶ Reduction in wasted blood product and associated labour time. 

¶ Faster turnaround of laboratory results leading to earlier patient discharge. 

¶ More chemotherapy slots available per week 

Social Benefits: 

¶ Reduced travel and associated stress with drones enabling services closer to home. 

¶ Enhanced well-being for patients and carers with drones enabling services closer to home.  

Economic Benefits: 

¶ Reduced road congestion using drones rather than existing road transport. 

¶ Less unpaid overtime work with drones enabling a more efficient service. 

¶ Improved productivity with drones enabling a more efficient service. 

Environmental Benefits: 

¶ Lower air pollution levels using drones rather than existing road transport. 

Health Benefits: 

¶ Increased availability of inpatient beds due to improved lab sample transport. 

¶ Reduced mortality and morbidity rates due to improved lab sample transport. 

¶ More chemotherapy patients seen per week due to improved chemotherapy transport. 

An illustrative Value for Money (VfM) assessment, including a cost-benefit analysis, has highlighted the VfM 

across three example use cases varies from very high to poor. Crucially, this VfM assessment is based on 

currently available data and an artificially narrow application of drone technology; it is not the final answer but 

rather a reflection of the current evidence base and that this is just the first step to developing a full business 

case. 

Because CAELUS is at the beginning of introducing this novel technology to NHS Scotland, there is inherent 

uncertainty in the modelling presented in this report. The intention is for the model outputs used in the VfM 

assessment to be roughly right, rather than precise but wrong. Therefore, all findings detail the possible range of 

costs and benefits, data sources, and all assumptions made. Every effort has been made when creating the cost 

benefit analysis for the VfM assessment to make the methodology as transparent as possible, identifying the 

sources and being explicit about the methodology to allow other health boards to follow and re-use the process.  

Project CAELUS is poised to make a transformative impact on the Scottish healthcare system. By leveraging drone 

technology, the project aims to enhance the accessibility, efficiency, and resilience of medical logistics, ultimately 

improving patient outcomes across Scotland. The work presented here is a key foundation for health boards to 

develop their own business case for medical drones and ultimately realise the CAELUS vision of a national 

medical drone logistics network in Scotland. 
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1 CAELUS: An Overview 
 

The intended audience of this business case is primarily the health boards within Scotland, with 

particular focus on the three health boards where demonstrations are planned. These health boards, 

along with non-territorial boards such as National Services Scotland, are part of NHS Scotland, making 

the Scottish Government and NHS Scotland the overarching bodies that should receive the business 

case. When developed into a Full Business Case and submitted for approval, the business case should 

make a case for a change to the current logistic methods that enable healthcare services within 

Scotland. However, it is crucial that the business cases developed around three focus themes in this 

report are presented in a generalisable and transferable manner so that they can also be considered 

by other health boards across Scotland (Figure 1). 

Figure 1: Intended audience of CAELUS Business Case 

 

 

1.1 Strategic Case for Medical Drones in NHS Scotland: Addressing Equity and 

Efficiency 

 
The strategic outline case and option appraisal focus on drone technology as an alternative to the Do 

Nothing/Business As Usual scenario for enhancing healthcare logistics in Scotland. While various 

interventions could contribute to improvement, this business case specifically centres on drones for 

several reasons. 

1. Addressing Scotland's Unique Challenges: Crucially, the geography of Scotland, characterised 

by remote, rural, and island communities, presents challenges in healthcare logistics, limiting 

alternative transport options. Drones present a promising solution, potentially overcoming 

geographic limitations and contributing to the strategic goal of equitable healthcare access. 
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2. Lack of NHS-Specific Evidence: Secondly, despite medical drone trials conducted in different 

parts of the UK, ranging from the Isle of Wight to Argyll and Bute, and Northumberland, there 

is a noticeable absence of publicly available evidence regarding their value to healthcare 

organisations, such as NHS Scotland health boards. This value case seeks to address this gap 

by examining the potential benefits and costs associated with the implementation of medical 

drones in the specific context of Scotland. 

 

The aim of this Business Case, along with its option appraisal, is to conduct a thorough evaluation of 

drone technology, rigorously assessing its feasibility and value within the context of NHS Scotland. 

This assessment takes into account both international experiences and the unique requirements of 

Scottish healthcare, catering to the diverse needs of its patient populations. In harmony with the 

strategic goal of enhancing healthcare equity across the varied landscapes of the country (a Once for 

Scotland approach), the focus on drone technology represents a practical step towards realising this 

overarching objective. 

 

Despite devolution, the Scottish Government continues to adhere to the Five Case Model as provided 

by HM Treasury. The Scottish Government not only follows this structure and guidance but also 

ensures that their economists and officials participate in HM Treasury's training programs. This 

ensures proficiency in using the proforma associated with the Five Case Model. As the CAELUS project 

approaches its next Gateway Review, this structured approach will serve as a solid foundation for 

further development and evaluation. 

1.2 Format of this report 
 

The business case presented here is structured into four key sections, each providing a comprehensive 

overview of critical aspects related to the initiative. Firstly, an overview of the methodology and 

national context is provided, followed by three sections each focusing on one particular use case for 

medical drone delivery and applying the methodology to produce an outline business case in a region 

of Scotland. A more detailed summary is as follows:  

 

¶ NHS Scotland Overview: This section delves into the overarching Once for Scotland approach, 

aligning with nationwide strategic policy objectives. It encompasses the governance 

landscape, addressing the coordination of efforts across all 14 health boards and specialist 

services such as Scottish Ambulance Service. Emphasis is placed on a thorough analysis of 

risks, constraints, and dependencies. Additionally, this section outlines the process by which 

the preferred way forward was arrived at, after agreeing the critical success factors, as well as 

the process of determining the long list of options to address the existing challenges with how 

services are currently provided. 

 

¶ Use Case Deep Dive: The subsequent three sections focus on a detailed examination of  three 

use cases in three areas of Scotland where CAELUS trials are planned. These sections provide 

a comprehensive "deep dive" into the specific benefits and costs associated with each use 

case. The evaluation includes an exploration of the short list of the final option framework. 

Furthermore, these sections lay the groundwork for the initial stages of the Outline Business 

Case, particularly highlighting the Value for Money assessment (Figure 2). 
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Figure 2: NHS Scotland Overview vs Use Case Instance Deep Dive 

  
 

This structured format ensures an exploration of the value of medical drone logistics in Scotland, 

balancing a high-level view of strategic considerations with an in-depth analysis of the specific use 

cases. 

 

This report follows the UK Government's five-case business model, emphasising the Strategic and 

Economic Cases. The Strategic Case outlines the need for intervention, aligning with national 

objectives and setting objectives. The Economic Case evaluates costs, benefits, and alternatives, 

ensuring value for money and positive economic impact.  

DŜƴŜǊŀƭ ŀǇǇǊƻŀŎƘ

.ƭƻƻŘ ǇǊƻŘǳŎǘ ŀƴŘ ǳǊƎŜƴǘ ƭŀō ǎŀƳǇƭŜǎ

/ƘŜƳƻǘƘŜǊŀǇȅ ǇǊƻŘǳŎǘǎ

[ŀō ǎŀƳǇƭŜǎ
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The Commercial, Financial, and Management Cases, though integral to a comprehensive business 

case, are deferred for further exploration after the CAELUS project. The Commercial Case would assess  

viability and competition, while the Financial Case would evaluate funding sources and returns on 

investment. The Management Case would focus on structures, roles, and performance, ensuring 

effective delivery and risk management. These aspects are expected to be covered in future versions 

of this Business Case beyond the scope of this project. 

It is worth mentioning that it is beyond the scope of this business case to encompass all of Scotland 

and every potential use case for medical drones. While the ultimate vision for CAELUS is a national 

drone logistics network across Scotland, for the sake of analytical clarity, this business case focuses on 

three use cases within three areas of Scotland (blood products and lab samples in NHS Ayrshire and 

Arran, chemotherapy in NHS Grampian, and lab samples in NHS Borders and Lothian). This approach 

allows robust analysis underpinned by detailed data and modelling that would not be feasible at 

national scale within this project. Nor would it be feasible to model a range of use cases in each region. 

However, this narrow focus has limitations and does need to be balanced with the reality that medical 

drones have broader applicability with multiple use cases possible.  Additional benefits would be 

expected with each additional use case.  See Section 3.1.5. 

 

1.2.1 HM Treasury guidance on project business cases 
The HM Treasury guidance on project business cases1 provides a table of steps and actions to 

prepare a business case, and this was used to inform the structure of this document. To support the 

future development of business cases for medical drone delivery services, the content in this report 

is linked in the table below directly to the actions and steps in the HM Treasury guidance. 

  

 
1 https://www.gov.uk/government/publications/business-case-guidance-for-projects-and-programmes 
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Table 1: Overview of steps and actions for the preparing the CAELUS Strategic Outline Case 

   

 
   

Stages & 
Actions  

Development Process  Deliverables  
 

   

 Determining the strategic context   

CAELUS D2.2: Market analysis and 
exploitation route 

Step 
1/Action 1 

Ascertain strategic fit Strategic context 

Output Programme Business Case (PBC)  

Outcome Strategic fit  

Review 
point 

Gateway 0 - strategic fit required  

Stage 1 - 
Scoping  

Preparing the Strategic Outline Case 
(SOC) 

Strategic case  22.1 2 2 2 

Step 2 Making the case for change  2.1 4.1 6.1 8.1 

Action 2 Agree strategic context  2.1.1 4.1.12.1.1 6.1.1 8.1.1 

Action 3 
Determine spending objectives, existing 

arrangements and business needs 
 2.1.2 4.1.22.1.2 6.1.2 8.1.2 

Action 4 
Determine potential business scope and 

service requirements 
 2.1.3 4.1.3 6.1.3 8.1.3 

Action 5 
Determine benefits, risks, constraints 

and dependencies 
 2.1.4 4.1.42.1.4 6.1.4 8.1.4 

Step 3 Exploring the preferred way forward  Economic case - part 1      

Action 6 Agree critical success factors (CSF)  2.2.1 2.2.1 2.2.1 2.2.1 

Action 7 
Determine long-list options and SWOT 

analysis 
 

2.2.1.1 
2.2.1.5 
2.2.1.6 

2.2.1.1 
2.2.1.5 
2.2.1.6 
4.2.2 

2.2.1.1 
2.2.1.5 
2.2.1.6 
6.2.2 

2.2.1.1 
2.2.1.5 
2.2.1.6 
8.2.2 

Action 8 Recommend preferred way forward 
Outline commercial, 

financial and management 
cases 

2.2.2 2.2.2 
 

4.2.2.2 

2.2.2 
 

6.2.2.2 

2.2.2 
 

8.2.2.2 

Output Strategic Outline Case (SOC)   4 and 5 6 and 7 8 and 9 

Stage 2 - 
Planning  

Preparing the Outline Business Case 
(OBC) 

 3 3 3 3 

Step 4 Determining Value for Money (VFM)  Economic case - part 2  3.1 5.1 7.1 9.1 

Action 9 
Revisit SOC and determine short-list 
including reference project (outline 

PSC) 

 
    

Action 10 
Prepare the economic appraisals for 

shortlisted options 
 3.1.1 5.1.1 7.1.1 

 
9.1.1 

Action 11 Undertake benefits appraisal  3.1.2  
5.1.2 

 
7.1.2 

 
9.1.2 

Action 12 Undertake risk assessment/appraisal 
 

3.1.3 5.1.3 7.1.3 9.1.3 

Action 13 
Select preferred option and undertake 

sensitivity analysis  

3.1.4 5.1.4 7.1.4 9.1.4 

  

https://connectedplaces.sharepoint.com/:b:/r/teams/Proj-caelus2external/External/2.6%20Business%20case/0%20-%20project%20management/Original%20scoping/CAELUS_WP2_D2.2.pdf?csf=1&web=1&e=8mHFFE
https://connectedplaces.sharepoint.com/:b:/r/teams/Proj-caelus2external/External/2.6%20Business%20case/0%20-%20project%20management/Original%20scoping/CAELUS_WP2_D2.2.pdf?csf=1&web=1&e=8mHFFE
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1.2.2 Comparison with NHS Scotland Value Case Template 
NHS Scotland have an Accelerated National Innovation Adoption (ANIA) pathway to fast-track the 

adoption of technological innovations. At the core of this is a Value Case document. While the 

adoption of drone delivery services may not naturally fit in this framework, there are many common 

elements of the Value Case and the Business Case format used in this document. To support NHS 

Scotland in the future if a Value Case is to be developed, the table below identifies how the sections 

of this report match the sections of a standard Value Case template. 

  

 
   

Value Case template section  CAELUS bu siness case section  
 

   

      

1. Case for change Making the case for change 2.12.1.1 4.12.1.1 6.12.1.1 8.12.1.1 

1.1. Technology to be Adopted & 
Current Uptake across Scotland 

 
    

1.2. Impact of proposed Innovation Determine benefits, risks, constraints, 
and dependencies 

2.1.4 4.1.42.1.4 6.1.4 8.1.4 

1.3. Clinical Engagement All sections (see summary in section  
1.3 below) 

1.3    

2. What is the technical solution and 
how will we deliver it? 

Exploring the preferred way forward 
 4.2 6.2 8.2 

3. How are we going to implement 
the solution? 

Assumptions for drone delivery 
service options (briefly covered).  

A focus for future Outline Business 
Case.  

2.2.2.2    

4. Costs Determining potential value for money 3.1 5.1 7.1 9.1 

 

1.3 CAELUS team 
The CAELUS consortium includes sixteen partners from across industry sectors, academia, NHS 

Scotland and research and technology organisations. In the development of this business case, input 

was sought from industry partners particularly around future service offerings and cost forecasts, and 

from NHS Scotland across all aspects of the business case.  

The NHS Scotland contributions to this business case were channelled through clinical leads, one 

allocated for each of the three use case specific focus areas alongside at least one project manager for 

each of the three. Through regular dialogue, working sessions and formal workshops the clinical leads 

and project managers directly contributed to this business case and supporting analysis. Through 

stakeholder group forums and targeted discussions with individuals in their field and/or local health 

boards, the clinical leads and project managers provided indirect contributions from a wide 

stakeholder groups. Stakeholder group input included senior management, logistics and portering, 

facilities and estates, health and safety, information technology and information governance, clinical, 

laboratory, pharmacy, and research and development staff. The contributions of all these 

stakeholders are highly valued, a crucial part of this business case, and should be core to future 

business case developments.  
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A Once for Scotland Approach: NHS Scotland 
¢ƘŜ άhƴŎŜ ŦƻǊ {ŎƻǘƭŀƴŘέ ŀǇǇǊƻŀŎƘ aims to minimise variation and additional work when applying new 

processes, policies, or technologies across NHS Scotland health boards. This report is presented with 

this approach in mind so that the methodology and thinking is transparent and can be a foundation 

for future development of business cases for drone technology in all health boards across Scotland 

and beyond, not just the health boards in the examples. 

2 A Once for Scotland Approach: Scoping the proposal and preparing 

the Strategic Outline Case (SOC) 
 

The Strategic Case provides an overview of the context surrounding NHS {ŎƻǘƭŀƴŘΩǎ territorial and 

special health boards, as well as the case for change with respect to the proposed interventions. 

 
Introduction 

The first step in developing the CAELUS business case using the Five Case Model is to prepare the 

Strategic Outline Case (SOC). The SOC establishes a persuasive case for change and provides direction 

for senior management's approval before detailed planning. 

To complete the strategic case section of the SOC and make the case for change one must consider 

the following. Firstly, agree on the strategic context, set spending objectives, evaluate current 

arrangements and business needs. Then define CAELUS's scope, and identify project benefits, risks, 

constraints, and dependencies. This thorough approach ensures a robust SOC, securing support and 

resources for the development of the CAELUS vision. 

2.1 Making the case for change 
This section will outline the case for change based on the approach described above. 

2.1.1 Agree the strategic context 
In this section, strategic context is established for CAELUS by providing an overview of the sponsoring 

organisation (NHS Scotland) and demonstrating how CAELUS is strategically positioned to contribute 

ǘƻ ǘƘŜ ŘŜƭƛǾŜǊȅ ƻŦ bI{ {ŎƻǘƭŀƴŘΩǎ ƎƻŀƭǎΦ This will highlight the alignment between CAELUS's objectives 

and the broader strategic vision of the organisation. This will help to ensure that the CAELUS project 

is not only viewed as a standalone initiative but also as a vital component in the development of an 

organisation's overall strategy and success in delivering equity of healthcare in the 21st Century. 

NHS Scotland is faced with unprecedented challenges to deliver the Healthcare Quality Strategy, which 

aims to deliver world class care whilst continually adapting healthcare services so that they άmaintain 

a comprehensive supply of high-quality healthcare in the face of steadily increasing demand.  The 

ability to sustain services that can meet the increased demand effectively will be a key challenge for 

maintaining the delivery of adequate healthcare in the future.έ 2  

 
2 The Scottish Government (2016) A National Clinical Strategy for Scotland. Retrieved From  

https://www.gov.scot/publications/national-clinical-strategy-scotland/documents/ p.15 
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This challenge has been magnified by the pausing of much of healthcare delivery during the pandemic 

and now with the focus on the NHS Recovery Plan3, any innovative developments need to deliver 

within this context to be successful. 

 

2.1.1.1 Rationale for Change 

 

The purpose of the strategic dimension of the value case is to make the case for change and propose 

solutions that ensure NHS Scotland has a future whereby quality and value are added to patients' lives. 

It aims to address the existing issues that NHS Scotland currently faces, while also demonstrating how 

such a case provides strategic fit within Scotland's existing policies. It is essential that any proposed 

changes align with the long-term strategic goals of NHS Scotland and contribute towards improving 

the overall quality of healthcare services in the country. 

Potential areas which would benefit from additional support from innovative technology include: 

¶ Demographic changes in population - the population is projected to 5.78 million by 2037 4. 

The number of households headed by someone aged 85 and over is projected to more than 

double over the same period. 

¶ Geographic challenges - Rural Scotland accounts for 98 % of the land mass and approximately 

17 % of the population live there5. 

¶ Intersection of geographic and demographic challenges ς In accessible rural areas populations 

continue to grow at a faster rate than the rest of Scotland and these areas have higher levels 

of older people, which increases demand for core services there5. 

¶ Financial considerations ς The cost implications of demographic changes, the increase in costs 

of medicines and staffing, as well as external pressures on the public finances will mean 

healthcare will need to harness innovation to be more efficient with the resources available. 

¶ Skilled workforce and sustainable services - A sustainable workforce is essential for delivering 

high-quality healthcare; however the existing workforce is currently facing an all-time staffing 

shortage and recruitment challenge, which makes it difficult to meet the current and future 

demands on the health service4. 

¶ Aging workforce ς As the patient demographics are changing, as are the demographics of the 

workforce with the challenges of frontline healthcare leading to staff leaving healthcare 

earlier than in other sectors, exacerbating the staffing challenges. 

For more information on the national strategic context, please refer to Section 11.1. 

 

2.1.1.2 Range of services 

 

The National Health Service (NHS) in Scotland provides a range of healthcare services to the 

population amidst unprecedented levels of demand and cost pressures. The services relevant to a 

 
3 The Scottish Government (2021) NHS Recovery Plan 2021-2026 https://www.gov.scot/publications/nhs-recovery-

plan/pages/1/ 
4 Scottish Government, "Workforce Planning and Projections," accessed June 3, 2024, https://www.gov.scot/policies/health-

workforce/workforce-planning-and-projections/. 
5 Rural Scotland Key Facts 2021, A National Statistics Publication for Scotland, 2021. https://www.gov.scot/publications/rural-

scotland-key-facts-2021/pages/2/ 

https://www.gov.scot/policies/health-workforce/workforce-planning-and-projections/
https://www.gov.scot/policies/health-workforce/workforce-planning-and-projections/
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drone delivery service and the use cases that are the focus of this report are explored in more detail 

within each of the use case sections below (4.1.1.1, 6.1.1.1 and 8.1.1.1) 

 

2.1.1.3 The organisational structure, existing financial position, and strategic vision 

 

For more information on the organisational structure of NHS Scotland, including staffing and 

governance arrangements please see appendix 11.1.1. 

For more information on tƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ŜȄƛǎǘƛƴƎ ŦƛƴŀƴŎƛŀƭ ǇƻǎƛǘƛƻƴΣ ƛƴŎƭǳŘƛƴƎ ŦǳƴŘƛƴƎ ǎǘǊŜŀƳǎ ŀƴŘ 

levels of spend please see section 11.1.2. 

For more information on the strategic vision please see appendix 11.1.3. 

 

2.1.2 Determine the spending objectives, existing arrangements and business needs 
 

This section helps to establish a compelling case for change based on actual NHS business needs, rather 

than the case being based on ŀ Ǿƛǎƛƻƴ ƻŦ ǿƘŀǘ ƘŜŀƭǘƘ ōƻŀǊŘΩǎ ƴŜŜŘ ƻǊ ǿŀƴǘ. This requires a clear 

understanding of: 

¶ What NHS Scotland and the three health boards are seeking to achieve (the investment or 

spending objectives) 

¶ What is currently happening (existing arrangements) 

¶ What is required to close the gap between where they are now (existing arrangements) 

¶ Where they need to be in the future (business needs). 

 

2.1.2.1 Determining spending objectives 

The spending objectives for CAELUS are centred on the rationale and drivers for further intervention, 

as well as the key outcomes and benefits NHS Scotland aim to achieve in support of the organisation's 

business strategy. 

This section is crucial in establishing robust spending or investment objectives that make a compelling 

case for change. Its primary purpose is to define what NHS Scotland and the various health boards 

seek to accomplish in terms of targeted outcomes and provide the basis for post-evaluation. 

Ultimately, it seeks to answer the key question: "Why are we undertaking this project?" 

It is worth considering which of the five Treasury spending objective will be met that are intended to 

ameliorate the challenges identified. These are:  

¶ Effectiveness: To improve the quality of NHS health services in terms of the delivery of agreed 

outcomes. For example, by meeting new policy changes and operational targets. 

¶ Efficiency: To improve the delivery of NHS health services in terms of outputs (efficiency). For 

example, by improving the throughput of services whilst reducing unit costs. 

¶ Economy: To reduce the cost of NHS health services in terms of the required inputs. For 

ŜȄŀƳǇƭŜΣ ǘƘǊƻǳƎƘ ΨƛƴǾŜǎǘ ǘƻ ǎŀǾŜΩ ǎŎƘŜƳŜǎ ŀƴŘ ǎǇŜƴŘ ƻƴ ƛƴƴƻǾŀǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΦ 

¶ Compliance: To meet statutory, regulatory or organisational requirements and accepted best 

practice. For example, new health and safety legislation or building standards. 
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¶ Replacement: To re-procure services in order to avert service failure. For example, at the end 

of a service contract or when an enabling asset is no longer fit for purpose. 

Acquiring new technology as an asset is seldom an end goal for spending. Rather, NHS Scotland and 

its health boards aim to achieve identifiable and measurable social, economic, and environmental 

outcomes through the use of these resources. It is these outcomes that represent social value and 

value for money in relation to the expenditure. A summary is seen in Table 2. 

Table 2: CAELUS's Spending Objectives 

Spending objective Description Relevance 

 

Reducing the cost of inputs 

 

To reduce the cost of NHS health services in terms of the 

required inputs. For example, using a cheaper transport 

service. 

aŜŘƛǳƳ 

 

Improving outputs in relation to inputs: increased 

throughput & reduced unit cost 

 

To improve the delivery of NHS health services in terms of 

outputs (efficiency). For example, expanding the use of a 

fleet vehicle to increase its utilisation.  

aŜŘƛǳƳ 

 

Improving social value through new/improved socio-

economic outcomes, resulting from new/improved quality 

of public service 

 

To improve the quality of NHS health services in terms of 

the delivery of agreed outcomes. For example, by meeting 

new policy changes and operational targets. 

IƛƎƘ 

 

Business continuity 

 

To re-procure services to avert service failure. For example, 

at the end of a service contract or when an enabling asset is 

no longer fit for purpose. 

IƛƎƘ 

 

Regulations and best practice   

 

To meet statutory, regulatory or organisational 

requirements and accepted best practice. For example, new 

health and safety legislation. 

[ƻǿ 

 

The following section summarises why the spending objectives to address existing health issues 

within the NHS health boards are lower relevance (economy, efficiency, compliance). 

Spending Objective 1: Economy  

Why this spending objective is not high relevance: 
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1. Not considered a Critical Success Factor: /ƻǎǘ ǊŜŘǳŎǘƛƻƴ ǿŀǎƴΩǘ ŎƻƴǎƛŘŜǊŜŘ the most 

important Critical Success Factor by frontline NHS stakeholders when prioritising use cases 

(see the information from the initial workshop in 2.2.12.2.1.2). This indicated that their 

primary focus was on patient impact and not cost savings. 

2. High Initial Investment: It is possible that the implementation of new interventions may 

require requires significant initial investment in terms of equipment, technology, training, 

and regulatory compliance. This can outweigh the potential cost savings from reduced 

transportation costs or increased efficiency. 

3. Uncertain Cost-Benefit Analysis: At this stage, there may be uncertainties or a lack of clear 

evidence demonstrating that the long-term cost savings from using interventions would 

exceed the initial and ongoing expenses associated with their operation. 

Spending Objective 2: Efficiency 

Why this spending objective is not high relevance : 

1. Efficiency Rating Not Highly Ranked: 9ŦŦƛŎƛŜƴŎȅ ǊŀǘƛƴƎ ǿŀǎƴΩǘ ŎƻƴǎƛŘŜǊŜŘ the most highly 

ranked potential Critical Success Factor when determining whether an intervention would 

be a viable option (see the information from the initial workshop in 2.2.1). This suggests that 

improving the ratio of outputs to inputs was not a primary consideration for stakeholders. 

2. Lack of Proven Efficiency Gains: There may be insufficient evidence or data to demonstrate 

that such interventions improve the throughput of services or reduce unit costs. Without 

clear evidence of these efficiency gains, the intervention cannot be justified on this basis. 

3. Operational Challenges: It is possible that potential interventions could face various 

operational challenges such as weather dependency, transport restrictions, and integration 

with existing logistics systems, which can hinder their efficiency. 

4. Scalability Issues: The scalability of drone operations to handle large volumes of medical 

supplies efficiently may be questionable, especially in comparison to established logistics 

methods that are already optimised for high throughput. 

Spending Objective 5: Compliance 

Why this spending objective is not high relevance: 

1. Not Driven by Regulatory Compliance: Generally the justification for changing away from 

current business-as-usual methods ƛǎƴΩǘ ǘƻ ƪŜŜǇ ǳǇ with statutory guidance or new 

regulations. In some use cases it has been noted as part of the justification (e.g. lab samples 

that have a guideline for time to processing) but this is a minority of use cases. 

2. Lack of Statutory Drivers: There are no specific statutory or regulatory drivers mandating 

the adoption of certain technologies for healthcare logistics within the NHS. Therefore, the 

compliance objective is not directly addressed by this intervention. 

3. Best Practice Concerns: The adoption of interventions may not yet be considered best 

practice within the healthcare logistics field, where traditional methods are still preferred 

due to their reliability and established regulatory compliance. 

In summary, the implementation of possible interventions across NHS health boards is not focused 

specifically on the spending objectives of economy, efficiency, and compliance primarily due to the 
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lack of focus on cost reduction and efficiency gains during the initial assessment, as well as the 

absence of regulatory drivers compelling the adoption of new interventions. 
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2.1.2.2 Determining existing arrangements 

The existing arrangements for medical logistics in NHS Scotland involve a range of transport modes, 

providers, and operating models. All health boards have a range of road-based transport, both in-

house and utilising third parties. Some health boards involve air transport and/or water-based 

transport. The details of the existing arrangements locally are provided for each of the three deep-

dive use case instances and can be found in sections 0, 6.1.2.1 and 8.1.2.1. The existing arrangements 

were documented with input from NHS Scotland CAELUS team and local NHS stakeholders, this 

included in the CAELUS team one clinical lead assigned to each use case along with at least one project 

manager each. 

2.1.2.3 Identifying business needs 

To effectively meet the spending objectives of NHS Scotland, it is crucial to identify the necessary 

improvements and changes needed from CAELUS. This section delves into the current issues and 

challenges associated with the existing arrangements and provides a comprehensive understanding 

of the opportunities to bridge any gaps in business operations and service delivery. 

Defining the business needs and drivers for CAELUS is essential in determining the potential scope of 

each health board, while ensuring that it aligns with operational requirements rather than just the 

potential benefits. This analysis accounts for the demand and capacity planning of services, 

encompassing the following aspects: 

Å Confirmed need for existing business operations, supported by evidence. 

Å Projections of the nature and level of demand for future services, including the NHS users and 

demographics, and alternative sources of supply. 

This is explored in further detail within the individual business cases for the health boards seen across 

sections 4.1.2.2, 6.1.2.2, and 8.1.2.2. 

 
2.1.3 Determine potential business scope and key service requirements 
 

The potential scope of CAELUS has been identified in terms of the operational capabilities and service 

changes required to satisfy the identified business needs. 

The discussion related to scope included the range of business functions, areas and operations to be 

affected and the key services required to improve organisational capability on a continuum of need, 

where: 

¶ tƘŜ ΨŎƻǊŜΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨŜǎǎŜƴǘƛŀƭΩ ŎƘŀƴƎŜǎ ǿƛǘƘƻǳǘ ǿƘƛŎƘ 

CAELUS will not be judged a success. 

¶ The ΨŘŜǎƛǊŀōƭŜΩ coverage and services required represent the ΨŀŘŘƛǘƛƻƴŀƭΩ changes which 

CAELUS can potentially justify on a cost/benefit and thus Value for Money basis. 

¶ TƘŜ ΨƻǇǘƛƻƴŀƭΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨǇƻǎǎƛōƭŜΩ ŎƘŀƴƎŜǎ ǿƘƛŎƘ /!9[¦{ 

can potentially justify on a marginal low cost and affordability basis. 

Identifying the above will help to avoid scope creep during the options appraisal stage of CAELUS. This 

is explored within each section of the use cases. 
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2.1.4 Determine benefits, risks, constraints and dependencies  
 

2.1.4.1 Identifying the main benefits 

 
The benefits of a drone delivery service were identified with stakeholders through interviews and 
workshops (22nd Jan 2024), and covered both benefits anticipated from drones generally as well as 
benefits specific to use cases. Sections 5.1.2, 7.1.2 and 9.1.2 provide a more comprehensive overview 
capturing the supporting analysis and assumptions for the specific use cases. 
 
A brief summary of some of the expected benefits from across all three use cases is provided below; 

these have been categorised with some examples provided to illustrate each category: 

Operational Benefits: 

¶ Reduced waste of blood products. 

¶ Less labour wasted in the production and administration of blood products. 

¶ Earlier patient discharge from overnight stays. 

Social Benefits: 

¶ Reduced travel and associated stress. 

¶ Increased local treatment options. 

¶ Enhanced patient well-being. 

Economic Benefits: 

¶ Reduced road congestion. 

¶ Less unpaid overtime work. 

¶ Improved productivity due to reduced loss of work hours. 

Environmental Benefits: 

¶ Lower air pollution levels. 

Health Benefits: 

¶ Increased availability of inpatient beds. 

¶ Reduced mortality and morbidity rates. 

¶ Higher number of appointments and chemotherapy sessions per day. 

 

2.1.4.2 Identify the main risks 

It is crucial to identify the main risks that may affect the achievement of CAELUS's outcomes and 
implement proposed countermeasures to mitigate and manage them. 
 
In the context of implementing the intervention, risk refers to the possibility of a negative event 
occurring, which could have an adverse impact on the delivery of CAELUS. It is important to prioritise 
the 20% of risks that are likely to account for 80% of CAELUS's risk values. 
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Successfully identifying, mitigating, and managing these key risks is essential to ensure that CAELUS 
delivers its intended outcomes and benefits within the anticipated timescales and budget. 
 
Table 3: Summary of risk categories 

Risk categories Description 

Business risks 
These risks remain with the organisation (100%), cannot be transferred by the 
organisation, and include political and reputational risks. 

Service risks 
These associated risks fall within the design, build, financing, and operational 
phases of CAELUS and may be shared with the others from outside of the 
organisation. 

External risks 

These non-systemic risks affect all society and are not connected directly with 
the proposal. They are inherently unpredictable and random in nature. They 
include technological disruption, legislation, general inflation, and catastrophic 
risks. 

 
Table 4 outlines the risks which have been identified that have been agreed between CAELUS and NHS 
Scotland prior to the commencement of the business case. A scoping document is recommended in 
the Green Book guidance to agree the approach to risk appropriate for a project. Further work on risk 
is needed in future iterations of this business case. 
 
Table 4: Summary of risks identified 

Risk category Risks identified 

Business risks 

Political risks: There may be political [or e.g. public backlash] opposition to the 
use of new technology for healthcare delivery due to concerns over privacy, 
security, or job displacement. 

Reputational risks: If a piece of new technology malfunctions and causes harm 
to patients or property, this could damage the reputation of NHS Scotland. 

Service risks 

Design risks: There may be technical issues with the design of the intervention 
that result in operational failures or errors. 

Build risks: If the infrastructure is not built to meet the necessary quality and 
safety standards, they may be prone to breakdowns or malfunctions. Other 
ƛƴǎǘŀƴŎŜǎ ŎƻǳƭŘ ƛƴŎƭǳŘŜ ŎŀǇŀōƛƭƛǘƛŜǎ ŘƻŜǎƴΩǘ ƛƳǇǊƻǾŜ ǉǳƛŎƪƭȅ ŜƴƻǳƎƘ ŀƴŘ ƭƛƳƛǘǎ 
service roll-out e.g. weather6 

Financing risks: If the project is not properly funded or managed, there may be 
cost overruns or delays in implementation. 

Operational risks: There may be logistical challenges in integrating the selected 
option into existing healthcare workflows, such as coordinating with staff and 
ensuring regulatory compliance. 

External risks 

Technological disruption: The technology underlying the delivery of the 
intervention may evolve rapidly, making the new piece of technology obsolete 
or leading to the emergence of new competitors. 

Legislation: Changes in laws or regulations related to the use of new 
technology, healthcare delivery, or data privacy could affect the project's 
viability or legality 

General inflation: Increases in the cost of living or supplies could impact the 
project's budget or sustainability. 

 
6 DHL. (2023) Drones. https://www.dhl.com/global-en/home/insights-and-innovation/thought-leadership/trend-reports/drones-

logistics.html 
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Catastrophic risks: Natural disasters, pandemics, or other unexpected events 
could disrupt the supply chain or render the selection option unusable. 

 

2.1.4.3 Identify the constraints 

This section identifies and specifies the constraints that have been placed on its delivery. These 

constraints encompass external conditions and agreed parameters over which CAELUS has little or 

no control. These constraints include policy decisions, ethical and legal considerations, rules and 

regulations, and the timescales within which CAELUS must be delivered. Affordability constraints 

also cover agreed limits on capital and revenue expenditure. 

The identified constraints for CAELUS include: 

¶ Policy Decisions: CAELUS must align with existing policies or regulations related to 

healthcare delivery, privacy, and data protection. If Scottish government policy emphasises 

data localisation, CAELUS may need to ensure that all patient data remains within Scotland's 

borders, influencing technology and infrastructure choices. 

¶ Ethical Considerations: CAELUS must adhere to ethical guidelines related to using new 

technology in healthcare, ensuring patient safety, privacy, and informed consent. Concerns 

about drone noise and privacy may necessitate flight path adjustments and limitations on 

when drones can operate over residential areas. 

¶ Legal Considerations: CAELUS must comply with various laws and regulations related to 

drone operations, healthcare delivery, and data protection, including obtaining necessary 

licences and permissions. The implementation of a drone delivery service will need 

approvals for beyond visual line of sight (BVLOS) drone operations in the relevant airspace 

which may constrain operations. 

¶ Rules and Regulations: CAELUS must adhere to specific rules and regulations related to 

drone operations, such as flight restrictions, safety standards, and data sharing 

requirements. Regulations on drone maintenance schedules could necessitate the 

development of specific maintenance facilities and procedures to ensure compliance. 

¶ Timescales: the drone delivery service will have a defined timeframe for implementation, 

which must meet the needs of NHS Stakeholders. An unexpected delay in receiving 

regulatory approval for a certain drone type might require re-evaluating the delivery 

timeline, potentially using alternative drone models, or reverting to other transport modes. 

¶ Affordability Constraints: CAELUS is subject to budgetary constraints, including agreed limits 

on capital and revenue expenditure, impacting the available options for project delivery. 

Limited funding might force the project to prioritise essential medical deliveries over less 

urgent ones, or to choose a more cost-effective drone model with fewer features. 

¶ Procurement Processes: CAELUS must follow specific procurement rules and regulations 

related to acquiring new technology, equipment, and services. A lengthy competitive bidding 

process for selecting a drone operating organisation could delay the overall implementation 

timeline. 

Managing these constraints from the outset will shape the options available for the delivery of the 

CAELUS vision, ensuring a greater chance of success. 
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2.1.4.4 Identifying the dependencies 

 
There are several dependencies outside the scope of CAELUS upon which the ultimate success of 
CAELUS is dependent. These include interdependencies between other programmes and projects. 
These are the dependencies that are external to CAELUS but are still within the perimeters of either 
NHS Scotland organisations or the Future Flight programme, and most likely linked to the scope of 
another project or project within the strategic portfolio.  
 
External dependencies also exist, these extend beyond the boundaries of the CAELUS vision into other 
parts of the relevant NHS board or even other organisations. These dependencies are outside the 
control of CAELUS. This is particularly relevant for instances related to legislation, strategic decisions 
across partners and approvals. 
 
The dependencies have been listed out in Table 5. 
 
Table 5: Dependencies identified as affecting CAELUS 

Internal dependencies 

Availability of funding: The project may be dependent on securing necessary 
funding to meet project requirements. 

Availability of resources: The project may be dependent on the availability of 
necessary resources such as staff, technology, equipment, and facilities. 

Project schedule: The success of the project may be dependent on meeting 
established project timelines and milestones. 

Coordination with other projects: The project may be dependent on coordination 
with other projects within the strategic portfolio to ensure successful 
implementation. 

Project governance and decision-making: The project may be dependent on the 
effectiveness of project governance and decision-making processes. 

Risk management: The project may be dependent on effective risk management to 
mitigate potential issues and minimise disruptions. 

External dependencies 

Regulatory and legal approvals: The success of the project may be dependent on 
obtaining necessary regulatory and legal approvals for new operations and 
healthcare delivery. 

Stakeholder engagement and support: The project may be dependent on 
stakeholder engagement and support from relevant parties such as healthcare 
providers, patients, and the public. 

Technological advancements: The project may be dependent on advances in 
technology related to new operations and healthcare delivery to ensure successful 
implementation. 

Availability of necessary infrastructure: The project may be dependent on the 
availability of necessary infrastructure such as air traffic control systems and 
telecommunications networks. 

Availability of necessary data: The project may be dependent on the availability of 
necessary data such as patient health records and geographic mapping data. 

Political and policy decisions: The success of the project may be dependent on 
political and policy decisions related to healthcare delivery. 

External partnerships: The success of the project may be dependent on effective 
partnerships with external organisations and stakeholders such as local authorities 
and other healthcare providers. 
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2.2 Exploring the preferred way forward  
 

Project CAELUS is part of the Future of Flight Programme (see Figure 67 in Section 11.1.3), supported 

by a pre-existing programme business case. One aim of the programme is to explore the use of 

drones for various applications, demonstrating their potential and identifying the specific problems 

they can solve. 

In this context, this business case focuses on determining the problems that drones are uniquely 

positioned to address, rather than listing multiple solutions to a single problem. This approach does 

not align with the Green Book recommended guidance of evaluating all possible options (including 

the "Do Nothing" option). Future development of the CAELUS business case should consider all 

options more comprehensively. 

Identifying a preferred way forward in the context of drones starts with the Use Cases that drones 

are applied to. This is explored for Use Cases across NHS Scotland. The criteria for selecting use 

cases, outlined in this section, ensure that the data collected can be effectively used to perform a 

Cost-Benefit Analysis (CBA). 

The selection of use cases at this stage of the CAELUS project served two main purposes: 

мΦ ±ŀƭǳŜ ŦƻǊ aƻƴŜȅ !ǎǎŜǎǎƳŜƴǘΥ ¢ƻ ǇǊƻǾƛŘŜ ŀƴ ŜŀǊƭȅ ƛƴŘƛŎŀǝƻƴ ƻŦ ǘƘŜ ǇƻǘŜƴǝŀƭ ǾŀƭǳŜ ŦƻǊ 

ƳƻƴŜȅ ƻŦ ŀ ƳŜŘƛŎŀƭ ŘǊƻƴŜ ŘŜƭƛǾŜǊȅ ǎŜǊǾƛŎŜ ōŀǎŜŘ ƻƴ ǎǇŜŎƛŬŎ ¦ǎŜ /ŀǎŜǎ ς ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘƛǎ 

ŘƻŎǳƳŜƴǘΦ 

нΦ ¢Ǌƛŀƭ ŀƴŘ 5ŜƳƻƴǎǘǊŀǝƻƴΥ ¢ƻ ŦŀŎƛƭƛǘŀǘŜ ǘƘŜ ǎŜƭŜŎǝƻƴ ƻŦ ƘŜŀƭǘƘ ōƻŀǊŘǎ ŀƴŘ ǊƻǳǘŜǎ ǘƘŀǘ Ŏŀƴ 

ǎŜǊǾŜ ŀǎ ǘǊƛŀƭ ǎƛǘŜǎΣ ŘŜƳƻƴǎǘǊŀǘƻǊǎΣ ƻǊ ŜŀǊƭȅ ŀŘƻǇǘŜǊǎ ŦƻǊ ǘƘŜǎŜ ƛƴǘŜǊǾŜƴǝƻƴǎΦ 

/ƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ {ǘǊŀǘŜƎƛŎ hǳǘƭƛƴŜ /ŀǎŜ ŦƻǊ ǘƘŜ /!9[¦{ ǇǊƻƧŜŎǘ Ƙŀǎ ōŜŜƴ ǇǊŜǇŀǊŜŘ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ 

ǘƘŜǎŜ ǳǎŜ ŎŀǎŜǎ ŀǊŜ ǊŜŀŘȅ ǘƻ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ Ŏŀƴ ǘƘŜƴ ōŜ ōǊƻǳƎƘǘ ƛƴǘƻ ǎŜǊǾƛŎŜΦ 

The economic case aims to identify and appraise the options for delivering the CAELUS use cases, 

recommending the option with the highest potential value for money (VfM) to society, considering 

both economic and broader social and environmental impacts. This assessment is part of the 

broader objective of evaluating the feasibility of deploying drones across Scotland, aligning with the 

strategic goal of implementing a "Once for Scotland" approach to equitable healthcare delivery. 

The VfM assessment employs a two-stage process for selecting use cases to focus on: 

1. Long-List Identification: A comprehensive range of potential use cases is identified and 

appraised, forming the "long-listέ. See Table 8. 

2. Short-List Identification: A reduced number of the most promising use cases from the long-

list are selected for further in-depth appraisal, forming the "short-list". See Table 10. 

After the pre-filtering process was completed, which identified three specific use cases for three 

areas of Scotland, the options framework was applied for each use case. This framework helped 

determine the Preferred Way Forward for each use case from a range of options to solve the 

particular challenges for that use case instance. 

The primary objective of this use case selection process is to facilitate the illustrative cost benefit 

analysis. The selected cases offered the best readily available data for monetisation and thus provide 

the best evidence for the value for money assessment. It is expected that a medical drone delivery 
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service would in reality not be restricted to serving just one use case or health board. It is therefore 

recommended to extend the use cases to other health boards and to include other use case 

instances to obtain a more realistic VfM assessment. 

The inclusion of additional use cases beyond the initial three would lead to enhanced VfM in two 

ways: 

1. Cumulative Benefits: The overall accrued benefits would increase. 

2. Unit Cost Reduction: The unit cost per flight would decrease. 

To facilitate a more streamlined and analytical assessment of the options, the use case selection 

process involves identifying a specific route for each use case. This approach enhances the 

traceability of the assessment process and simplifies the evaluation of alternative options. 

The rationale behind exploring these specific use cases with the chosen health boards lies in their 

potential to demonstrate the VfM of drone-based healthcare delivery. If the selected intervention 

proves to be a successful VfM proposition, it could provide a strong argument for the phased or 

nationwide implementation of the selected option and the expansion of drone use to adjacent use 

cases.  

2.2.1 Agree critical success factors for the CBA  
An initial list of critical success factors (CSFs) for CAELUS was created. These attributes were deemed 

essential for successful delivery of CAELUS, against which the initial assessment of the options for the 

delivery of CAELUS will be appraised, alongside the spending objectives. The critical success factors 

for CAELUS are crucial, not merely desirable, and not set at a level that could exclude important 

options at an early stage of identification and appraisal. 

Table 6: Phase 1: Critical success factors 

Critical success 
factor 

Broad description 

Cost reduction 
How much the specific Use Case will add value to the health service (either directly 

or indirectly) 

Efficiency gains 
How much the specific Use Case will improve efficiency, for example increased or 

more efficient use of a resource such as laboratories. 

Equity impact 
How much the specific Use Case will improve equity of healthcare by for example 

reducing differences in access to a service. 

Patient impact 
How much the specific Use Case will improve the service for patients, considering 

both individual patients and at a population level. 

Service impact 
How much the specific Use Case will positively impact the delivery of health 

services. 

Staff impact 
How much the specific Use Case will positively impact staff, for example by 

providing more timely access to products or results. 

 

The criteria outlined in Table 6 has been proposed, based on stakeholder workshops and subsequent 

development were. 
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A workshop was conducted on Monday 5th September 2022 where participants were asked on the day 

to rank these six criteria based on their importance. The voting results from Mentimeter are shown 

below:7  

Figure 3: Hierarchy of critical success factors (CSFs) 

 

The results showed that patient impact was ranked the most important criteria and cost reduction 

was ǘƘŜ ƭŜŀǎǘΦ /ƻǎǘ ǊŜŘǳŎǘƛƻƴ ǿŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ŀǎ ŀ ŘŜƭƛŎŀǘŜ ǘƻǇƛŎ ŀƴŘ άǾŀƭǳŜ ŀŘŘŜŘέ ǿŀǎ ǎǳƎƎŜǎǘŜŘ ŀǎ 

an alternative way to describe the general financial value that is assumed an intervention could 

provide.  

The voting results on criteria were used to set the weighting for each category in the Multi-criteria 

Decision Analysis (MCDA) process. The final order was then:  

1. Patient impact  

2. Impact on service  

3. Efficiency gains  

4. Equity impact  

5. Impact on staff  

6. Value added  

2.2.1.1 Determining initial long-list options 

A wide range of realistic and possible options for the delivery of CAELUS were identified. This was 

ƪƴƻǿƴ ŀǎ ΨǘƘŜ ƭƻƴƎ-ƭƛǎǘΩΦ ¢ƘŜ ƭƻƴƎ-list included options that provides the baseline for measuring 

improvement and Value for Money. This option was known as Ψ.ǳǎƛƴŜǎǎ !ǎ ¦ǎǳŀƭ ό.!¦ύΩΦ 9ŀŎƘ ƻǇǘƛƻƴ 

 
7 The Borda count was used where the option ranked first will get as many points as the total number of items the participants 

were asked to select from, and with each subsequent ranking reducing by one point. So if a selector has five items, the option 

selected in 1st place gets five points, with 2nd place getting four, and onwards. If an option doesn't get selected it receives zero 

points. 
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ŀƭǎƻ ƛƴŎƭǳŘŜŘ ŀ ǊŜŀƭƛǎǘƛŎ ΨŘƻ ƳƛƴƛƳǳƳΩ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻǊŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ŜǎǎŜƴǘƛŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 

CAELUS.  

The Critical Success Factors (CSFs) have been deliberately chosen to serve as a filtering mechanism, 

facilitating the identification of a concise list of selected use cases in the HM Treasury business case. 

 

Figure 4: CSFs: Streamlining Use Case Selection 

 

 

 

 

 

 

 

 

 

 

For clarity, Table 7 below offers a concise glossary distinguishing use case, use case instance, use case 

group, options, and the recommended path, streamlining comprehension in the selection of the 

preferred way forward. 

Short list of selected use cases  

Patient 
impact  

Equity 
impact  

Cost 
reducti

on  
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Table 7: Use case terminology 

Use case 

¶ Medical drone use delivering a specific type of item on a type of route with a specific service type. 

¶ For example, sending a set of blood culture bottles  

 
from a rural community hospital (non-specific)  

 
to a major teaching hospital (non-specific)  

 
with a responsive service (unplanned, time critical) 

Use case 

instance 

¶ Transporting a specific type of item on a specific route by medical drone with a specific service type. 

¶ For example, sending a set of blood culture bottles  

 
from Arran War Memorial Hospital (specific) 

 
to University Hospital Crosshouse (specific) 

 
with a responsive service (unplanned, time critical) 

Use case  
group 

Several use cases linked by a common characteristic such as the type of item being transported e.g. laboratory 

samples. 

Options 
Identification of different options available to the decision maker, estimating the potential future value of each 

option the use case can go down, and evaluating the risks and uncertainties associated with each option 

Preferred way 

forward 

The recommended option that is considered the most favourable outcome. This option is identified after a 

thorough analysis of available use case options, taking into account costs, benefits, risks, and impacts on 

stakeholders. 

 

An initial workshop (see section 2.2.1.2) is where the use case groups were considered (Figure 5). 

Figure 5 is also a visual representation of Table 7. 
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Figure 5: This stage of the filtering process, relates to identifying the use case group 

 

 

2.2.1.2 NHS Workshop  

Within the NHS workshop, a wide range of possible use cases were considered for achieving NHS 

{ŎƻǘƭŀƴŘΩǎ ƴŜŜŘǎΣ ǇƻǘŜƴǘƛŀƭ ǎŎƻǇŜ ŀƴŘ ǎŜǊǾƛŎŜ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀǎ ǿŜƭƭ ŀǎ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ƻŦ Ƙƻǿ ǿŜƭƭ ŜŀŎƘ 

use case meets the spending objectives and critical success factors agreed for CAELUS.  

A full description of each use case was proposed, together with an assessment of its Strengths, 

Weaknesses, Opportunities and Threats (SWOT analysis) and a conclusion in terms of how well it 

meets the spending objectives and critical success factors agreed for CAELUS. 

The purpose of the workshop with NHS stakeholders was two-fold. Firstly, to allow new use cases to 

be proposed and secondly to better understand what is important to the NHS stakeholders when 

deciding which use cases to prioritise.  

There were 40 attendees on the day (including the CAELUS consortium partners). There were 

attendees from each of the three innovation regions in Scotland (Health Innovation South East 

Scotland ς 6, North of Scotland Innovation Test Bed ς 8, West of Scotland Innovation Hub - 8). In 

ŀŘŘƛǘƛƻƴΣ ǘƘŜǊŜ ǿŜǊŜ ŀǘǘŜƴŘŜŜǎ ǘƘŀǘ ŘƛŘƴΩǘ ŀƭƛƎƴ ǿƛǘƘ ŀ ǎǇŜŎƛŦƛŎ ƛƴƴƻǾŀǘƛƻƴ ǊŜƎƛƻƴ ǎǳŎƘ ŀǎ ǘƘŜ {ŎƻǘǘƛǎƘ 

Ambulance Service. Figure 6 below shows that a range of job roles were represented at the workshop.  

Figure 7 shows the workshop registrations by organisation. Nine of the fourteen NHS Scotland 

territorial health boards were represented. Attendees were allocated to one of six groups to give a 

range of perspectives in each group.  
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Figure 6: Workshop registrations by role Figure 7: Workshop registrations by organisation 

  
Figure 8: Proportion of responders across region  

 

 

 

 

The first session of the workshop provided attendees with an opportunity to be briefed on, and ask 

questions about previously defined use cases. These use cases were sourced from CAELUS1 and the 

Innovate UK application document for CAELUS2. New use cases were also added.  

Other sources which has been part of the creation of the longlist of options include: 

¶ Researching existing reports and consulting widely with practitioners and experts to gather 

the set of data and information relevant to the objectives and scope of the problem 

¶ Identifying best practice solutions from the research, including international examples, if 

appropriate 

¶ The full range of issues likely to affect the NHS spending objectives 

¶ ¢ƘŜ Ŧǳƭƭ ǊŀƴƎŜ ƻŦ ǇƻƭƛŎȅ ƛƴǎǘǊǳƳŜƴǘǎ ƻǊ ǇǊƻƧŜŎǘǎ ǘƘŀǘ Ƴŀȅ ōŜ ǳǎŜŘ ǘƻ ƳŜŜǘ /!9[¦{Ωǎ ƻōƧŜŎǘƛǾŜǎΦ 

This may span different sorts or scales of intervention; regulatory (or deregulatory) solutions 

may be compared with self-regulatory, spending or tax options 
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¶ Radical options. These were not part of the formal appraisal but were considered helpful to 

put other options into context 

 

An Options Framework was put in place to provide a structured approach to identifying and filtering 

ŀ ōǊƻŀŘ ǊŀƴƎŜ ƻŦ ǳǎŜ ŎŀǎŜǎ ǘƘŀǘ ŀƭƛƎƴŜŘ ǿƛǘƘ bI{ {ŎƻǘƭŀƴŘΩǎ ǇƻƭƛŎƛŜǎΣ ǎǘǊŀǘŜƎƛŜǎΣ ǇǊƻƎǊŀƳƳŜǎ ŀƴŘ 

existing projects. 

 

The framework considers the creation of use cases as a series of choices to be made in sequence. 

Ψ²ƘȅΩ ǇǊƻǾƛŘŜǎ ǘƘŜ ǊŀǘƛƻƴŀƭŜ ŦƻǊ ƛƴǘŜǊǾŜƴǘƛƻƴ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǎŎƻǇŜ ŦƻǊ ŎƘŀƴƎŜΦ hƴŎŜ ǘƘŜ ǇƻǘŜƴǘƛŀƭ 

scope for the scheme has been agreed, the next stage is to identify and appraise the choices to be 

ƳŀŘŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ΨǿƘŀǘΩΣ ΨǿƘŜǊŜΩΣ ΨƘƻǿΩΣ ΨǿƘƻΩΣ ΨǿƘŜƴΩ ŀƴŘ ΨŦǳƴŘƛƴƎΩΦ ¢ƘŜ hǇǘƛƻƴǎ CǊŀƳŜǿƻǊƪ 

identifies and filters these choices for the operational scope, service solutions, service delivery 

vehicles, implementation timeframes and funding mechanism for CAELUS. 

From the workshop there were 50 unique Use Cases suggested (67 in total, with 17 repeats).  

New themes arising:  

¶ Children ς as inpatients more people are impacted than for adult inpatients on a practical 

level e.g. larger support network travelling to hospital. Impact of staying closer to home could 

be greater. New Use Cases related to feeding and breastmilk  

¶ Organ donation ς moving transplant organs between hospitals by drone has been 

demonstrated elsewhere, however a broader range of use cases were identified in the 

workshop including transporting lab samples for donor compatibility, and even body recovery 

enabled by aircraft. The lack of donor coverage outside of the Scottish central belt was one of 

the key drivers for these use cases.  

¶ Multi -use drone service ς multiple emergency services, shared resource between NHS 

organisations 

¶ Non-medical UCs e.g. surveillance, estate inspection ς not in scope for CAELUS but 

opportunity to follow up outside of CAELUS 

 

2.2.1.3 Project Scope Filter  

Use Cases suggested at the workshop were not all suitable for taking forward in CAELUS and so were 

filtered out by the WP2 team based on CAELUS scope. Those filtered out and the reasoning are listed 

below:  



CAELUS 

Business Case 

39 

 

Use Case description 

Reason for deprioritising  

out 

Chemical, Biological, Radiological and Nuclear (CBRN) - Hazmat  

CAELUS is focused on medical 

logistics. This use case is 

surveillance rather than 

logistics so ruled out.  

Crime scene initial scoping and recording without contamination of 

scene  

CAELUS is focused on medical 

logistics. This use case is 

surveillance rather than 

logistics so ruled out.  

Medical emergencies on cruise ships  
No cruise ship partners in 

consortium.  

Seagull scaring  

CAELUS is focused on medical 

logistics. This use case does not 

involve logistics. 

Infrastructure checks and hospital building inspection  

CAELUS is focused on medical 

logistics. This use case does not 

involve logistics.  

Air quality monitoring for major incident Scottish Environment 

Protection Agency (SEPA)  

CAELUS is focused on medical 

logistics. This use case does not 

involve logistics.  

Multi-purpose drone for e.g. Shetland  

Noted as a superset of use 

cases rather than one specific 

use case. 

Offshore oil industry health logistics  
No offshore partners in 

consortium  

CCTV in car parks  

CAELUS is focused on medical 

logistics. This use case does not 

involve logistics.  

Assessment of flooding  

CAELUS is focused on medical 

logistics. This use case does not 

involve logistics. 

Dial-a-drone GP out of hours  
Needs further investigation to 

rule out alternative solutions  
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2.2.1.4 Multi-Criteria Decision Analysis (MCDA) 

 

The next phase of the selection process was to rank the options for use cases. For this, NHS 

stakeholder input was sought. Firstly, after analysing the outputs from the workshop, the remaining 

use cases were clustered into 10 groups with common themes. These were:  

¶ Chemotherapy  

¶ Blood products  

¶ Laboratory  

¶ Transplantation  

¶ Diagnostics  

¶ Medicines  

¶ Emergency services: Major incident  

¶ Emergency services: Time-critical life-saving equipment  

¶ Equipment  

¶ Nutrition  

A MCDA was used, using swing weighting to guide a team of the NHS expert representatives and 

stakeholders. The MCDA was useful for considering certain options at this initial long-list stage.  

Part of this process also used an online questionnaire (Microsoft Forms) for NHS workshop 

participants to score each of these use case groups against the six criteria confirmed in the workshop. 

There were 29 responses from a range of roles and innovation regions, as illustrated in the figures 

below.  

Each Use Case Group, listed above and outlined in   
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Table 8, was presented in a randomised order (to prevent bias) for responders to score against each 

criterion according to the following scale:  

¶ 5 - above average for this set of Use Case Groups.  

¶ 3 - average  

¶ 1 - below average.  

To give an overall score for each Use Case Group, the following process takes place:  

1. The mean score across all participants is calculated for each criterion and option  

2. Each mean score is then multiplied by the appropriate criterion weight (based on input during 

workshop, as noted previously)   

3. These weighted scores are added together to give a single value for each option.   

The individual scores per criterion and overall scores are presented in the table below.  
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Table 8: MCDA of initial longlist 
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2.2.1.5 Agreeing the second set of CSFs  

After the initial longlist was established, a further set of Critical Success Factors (CSFs2) was developed 
to consider more specific variables that are relevant to the success of the business case development. 
These factors include the following: 
 

¶ Organisational support: This entails receiving consistent management support over an 
extended period, with a clear vision of new technology being integrated into the service. In 
addition, access to relevant data and stakeholder knowledge is crucial for the success of 
CAELUS. 

 

¶ Transferability: This business case focuses on Use Case Instances relevant to other health 
boards in Scotland, following the "Once for Scotland" approach. Transferability is a critical 
success factor, assessing how easily the intervention in a given Use Case Instance can be 
replicated and scaled up for broader implementation across the nation of Scotland. 

 

¶ Longevity: It is highly probable that the Use Case Instance will be implemented in the next 2-
5 years, and once it is launched, the service will be in regular demand.  

 
 
The CSFs2 formulated for CAELUS are essential, not just preferable, and have been established at a 
level that avoids excluding important options during the initial stages of identification and appraisal. 
 
Table 9: Phase 1: The second set of critical success factors applied to the shorter longlist 

Criterion Description Top score example 
Bottom score 

example 

Organisational 

support 

Ensuring long term organisational 

support after the project. This would 

include staffing, access to data, use of 

sites but also management buy-in.  

5 - Management support 

over a period of time with a 

clear vision for the option 

being integrated with 

service, access to data and 

stakeholder knowledge.  

1 - no access to 

data or staff; 

limited prior 

engagement with 

management  

Transferability 

An assessment of how easily the 

business case for the Use Case Instance 

could be used by other health boards 

or specialities to develop their own 

business cases for similar routes 

and/or payloads.  

5 - The Use Case Instance 

closely matches 10's of 

others in Scotland that have 

been put forward by other 

health boards/specialties or 

identified in market 

analysis.  

1 - The Use Case 

Instance is unique 

in Scotland and no 

other health board 

has a similar route 

or problem to solve 

with the selected 

option.  

Potential 

opportunity 

An assessment of the likelihood for the 

Use Case Instance to be taken forward 

and the opportunity that presents in 

the medium term (2-5 years?)  

5 - The Use Case Instance is 

very likely to be taken 

forward in 2-5 years and 

then scaled and the service 

will be regularly required.  

1 - The Use Case 

Instance has 

significant 

challenges to 

scaling and will 

have limited use.  
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After establishing the CSFs2, an overall score is assigned to each use case. This is done by multiplying 

the score for each CSF by its corresponding criterion weight, and then adding the resulting scores 

together. 

The weight assigned to each criterion is determined by the level of importance placed on it by the NHS 

stakeholders' scoring, with secondary consideration given to the potential opportunities and 

transferability of the options. 

Since the options being evaluated are new and do not currently exist, the scoring and weight 

assignment is based on the input provided by stakeholders' opinions rather than on objective 

measurements. 

Figure 9: This stage of the filtering process, relates to identifying the use cases 

 

  



CAELUS 

Business Case 

45 

 

2.2.1.6 Further shortlisting 

There were several challenges when it came to applying the CSFs onto the shorter longlist, these 
include:  
¶ Subject matter experts with local knowledge may not be able to assess use case instances in 

locations outside of their local area.  

¶ [ŀŎƪ ƻŦ Řŀǘŀ ǘƻ ǾŀƭƛŘŀǘŜ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ŀǎǎŜǎǎƳŜƴǘǎ όǇŀǊǘƭȅ ŘǳŜ ǘƻ ƻǇǘƛƻƴǎ ōŜƛƴƎ ƘȅǇƻǘƘŜǘƛŎŀƭύΦ  

¶ NHS stakeholders scored Use Case Groups but multiple medical item types could fall under 

that group and so the original scores may not reflect the exact medical item that are then 

considered for the Use Case Instances in the shortlist. 

As well as applying the CSFs to the shorter long list, additional criteria were used to ensure the overall 

group of Use Case Instances were satisfactory. These were:  

¶ One Use Case Instance per drone operator in the CAELUS consortium (one for Skyports, one 

for Dronamics) [Operator constraint]  

¶ The Use Case Instances shouldn't be in the same innovation region [Region constraint] 

¶ The Use Case Instances shouldn't be the same payload type [Payload constraint]  
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Table 10: MCDA of shorter longlist8 

 

By applying the constraints along with the scoring, the following logical conclusions result:  

¶ The highest scoring Use Case Instance is chemotherapy from Aberdeen Royal Infirmary to Dr 

DǊŀȅΩǎ IƻǎǇƛǘŀƭΣ 9ƭƎƛƴΦ  

 
8 The Business Case specific score is calculated by adding the weighted scores for Organisational Support, Transferability and 

Potential Opportunity. The Business Case specific score is then added to the weighted UC Group Score to determine the 

Overall score. See top row. 
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¶ The next highest scoring Use Case Instance is chemotherapy from University Hospital 

Crosshouse to Arran War Memorial Hospital but due to chemotherapy already being selected 

this is deselected (see payload constraint above).  

¶ The next highest scoring Use Case Instance is laboratory samples from Arran War Memorial 

Hospital to University Hospital Crosshouse.  

¶ To satisfy the regional constraint, in the southeast innovation region the highest scoring Use 

Case Instance was laboratory samples from Borders General Hospital (BGH) to the Royal 

Infirmary of Edinburgh (RIE). To ensure payload variation, it was agreed to focus on specialist 

laboratory samples for the BGH-RIE route in the southeast, and the Arran War Memorial 

Hospital to University Hospital Crosshouse would encompass blood products as well as urgent 

laboratory samples. 

¶ The Operator Constraint was not applied in the end due to challenges with developing flight 

trial plans for a long range drone, which while not necessarily an issue for a future service 

would present challenges with local stakeholder support in developing the business case 

during the project. 

The selection of just three Use Case Instances for the business case work will inevitably lead to some 

areas of the country and departments not being an area of focus. To mitigate the negative impact of 

this, άtŀǊǘƴŜǊ ¦ǎŜ /ŀǎŜ LƴǎǘŀƴŎŜǎϦ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ three core Use Case Instances. 

For example, ŘǳǊƛƴƎ ǘƘŜ !ōŜǊŘŜŜƴ ǘƻ 5Ǌ DǊŀȅΩǎ /ƘŜƳƻǘƘŜǊŀǇȅ ōǳǎƛƴŜǎǎ ŎŀǎŜ ŘŜǾŜƭƻǇƳŜƴǘΣ ƛƴǇǳǘ ƛǎ 

sought from NHS Ayrshire and Arran to see how similar/different a Chemotherapy Use Case Instance 

would be in their region.  

Figure 10: Process for narrowing down Use Case Instances and Preferred Way Forward. 
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2.2.1.7  LŘŜƴǘƛŦȅ ǇƻǘŜƴǘƛŀƭ ΨǎŎƻǇŜǎΩ ŦƻǊ ǘƘŜ ǎŜƭŜŎǘŜŘ ǳǎŜ ŎŀǎŜǎ 

LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƛŘŜƴǘƛŦȅ ǇƻǘŜƴǘƛŀƭ ΨǎŎƻǇŜǎΩ ŦƻǊ ǘƘŜ ŎƻǾŜǊŀƎŜ ƻŦ /!9[¦{Σ ǊŀƴƎƛƴƎ ŦǊƻƳ ōǳǎƛƴŜǎǎ ŀǎ ǳǎǳŀƭ 

ό.!¦ύΣ ǘƘǊƻǳƎƘ ǘƻ ǘƘŜ ΨŘƻ ƳƛƴƛƳǳƳΩΣ ŀƴŘ ΨŘƻ ƳŀȄƛƳǳƳΩ ŀƴŘ ƛƴǘŜǊƳŜŘƛŀǘŜ ƻǇǘƛƻƴǎΦ 

Figure 11: This stage of the filtering process, is concerned with the selection of the various options 

 

¢ƘŜǎŜ ƻǇǘƛƻƴǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ǎŎŀƭŜ ƻŦ ǇƻǘŜƴǘƛŀƭ ŎƘŀƴƎŜ ǊŜǉǳƛǊŜŘΦ ¢ƻ ŀǾƻƛŘ ΨǎŎƻǇŜ ŎǊŜŜǇΩΣ ǘƘŜȅ Ƴǳǎǘ ƴƻǘ 

exceed the potential scope for CAELUS as defined within the strategic case section (Table 18, Table 

25, Table 31ύ ƛŦ ǘƘŜȅ ŘƻΣ ǘƘŜ ΨŎŀǎŜ ŦƻǊ ŎƘŀƴƎŜΩ ǊŜǉǳƛǊŜǎ ǊŜǾƛǎƛǘƛƴƎ ŀƴŘ ǳǇŘŀǘƛƴƎΦ 

¢ƘŜ ΨŘƻ ƳƛƴƛƳǳƳΩ ǎŎƻǇŜ Ƴǳǎǘ ōŜ ŀ ǊŜŀƭƛǎǘƛŎ ƻǇǘƛƻƴ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜ ΨŎƻǊŜΩ ǎŎƻǇŜ ŀƴŘ ŜǎǎŜƴǘƛŀƭ ōǳǎƛƴŜǎǎ 

needs of CAELUS. The do maximum is predicated on meeting the full scope of CAELUS and all needs. 

The intermediate options focus on key differences in relation to the desirable and optional scopes for 

CAELUS. 

When implementing the options framework (Table 21, Table 27 and Table 33), a practical approach 

was taken where each option was subject to:  

¶ SWOT analysis: noting advantages and disadvantages and how well it meets the agreed 

spending objectives and CSFs. 

¶ Discounting: unselecting options, whilst carrying forward (C/W) other potential options, 

ƛƴŎƭǳŘƛƴƎ ǘƘŜ .!¦ ŀƴŘ ΨŘƻ ƳƛƴƛƳǳƳΩ ǎŎƻǇŜǎ. 

¶ Identifying the preferred way forward (PWF): the scope which is considered most likely to 

optimise public value. 

{ŎƻǇŜǎ ǘƘŀǘ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ƳƻǊŜ ŀƳōƛǘƛƻǳǎ ǘƘŀƴ ǘƘŜ ΨŘƻ ƳƛƴƛƳǳƳΩ ǿŜǊŜ ōŜ ƧǳǎǘƛŦƛŜŘ ƻƴ ǘƘŜƛǊ 

potential for optimising benefits in relation to costs. 

 

2.2.2 Determine the long-list options 

2.2.2.1 Options Framework 

The options framework within this business case focused exclusively on service scope for several 

strategic and structural reasons. 
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First and foremost, the business case at this stage of the project is positioned as a strategic outline 

case. This means its primary purpose is to establish a high-level understanding of the project's 

strategic scope and alignment with organisational objectives. Deeper exploration of service solutions, 

delivery methods, implementation plans, and funding arrangements falls more appropriately within 

subsequent business case stages. 

Secondly, the service solution component, which addresses technical requirements, is better suited 

for the outline business case tackled with the experience and lessons learnt from trials in the CAELUS 

project. This stage allows for a more detailed examination of technical feasibility and potential 

solutions. 

Similarly, service delivery, implementation, and funding elements are intricately linked to operational 

delivery, management considerations, and commercial and financial aspects, respectively. These 

elements should be further explored within the full business case, where a comprehensive assessment 

of operational, management, and financial implications can be undertaken. 

By focusing solely on service scope within the strategic outline case, a clear understanding of the 

project's strategic intent and boundaries is gained. This paves the way for informed decisions 

regarding service solutions, delivery, implementation, and funding in subsequent stages.  

2.2.2.2 Assumptions for drone delivery service options 

The model of drone delivery service used in this report includes the following assumptions:  

¶ The aircraft used is assumed to:  
o Take-off and land vertically with minimal landing infrastructure required. 
o Be a fixed wing aircraft for efficient horizontal flight. 
o Have a payload capacity of 3 kg. 
o Have an electric powertrain powered by batteries. 

¶ The aircraft has a remote pilot supervising. It is expected that over the timeframe of the 
modelling, the number of aircraft that one pilot can supervise will increase1.  

¶ The drone service will include the following elements that incur costs for the service 
provider: 

o Uncrewed aircraft systems Traffic Management (UTM).  
o Payload container for loading and unloading the drone and moving payloads 

between the drone and the destination within the hospital buildings.  
o An order management system.  
o Backup transport for when the drone service is unavailable. The drone is assumed to 

not be able to fly in all weather conditions, with the capability of the aircraft 
improving in this regard over the first ten years of the service. This means that a 
backup transport service is necessary to ensure that items can still be delivered if 
the drone service is unavailable.  

o Drone hub(s) and staff to manage the charging, maintenance, and security of the 
drone(s).  

o Insurance for the drone operations. 

Further information on the cost modelling for the drone delivery service can be found in section 

3.1.1.2. 

 

2.2.2.3 Drafting the short-list 

Recommending a Preferred Way Forward 
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The three health boards have conducted an options framework process to identify the preferred 

approach for the selected use cases. This process includes discussions on the scope, solution, service 

delivery, implementation, and funding. This is explored further across sections , 0, and 8.2.2.1. 

LǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ǿŀȅ ŦƻǊǿŀǊŘ ƛǎ ƴƻǘ ǘƘŜ ǇǊŜŦŜǊǊŜŘ ƻǇǘƛƻƴ ŀǘ ǘƘƛǎ ǎǘŀƎŜΦ ¢ƘŜ 

preferred option is identified from the appraisal of the shortlisted options. 

Shortlisted options 

Four shortlisted options for further appraisal were considered, these include: 

¶ Business As Usual (BAU): the benchmark for Value for Money  

¶ ΨŘƻ ƳƛƴƛƳǳƳΩ: a realistic way forward that also acts as a further benchmark for Value for 

Money, in terms of cost justifying further intervention  

¶ ΨǊŜŎƻƳƳŜƴŘŜŘΩ: the preferred way forward at this stage  

¶ one or more other possible options: ōŀǎŜŘ ƻƴ ǊŜŀƭƛǎǘƛŎ ΨƳƻǊŜ ŀƳōƛǘƛƻǳǎΩ ŀƴŘ ΨƭŜǎǎ ŀƳōƛǘƛƻǳǎΩ 

choices that were not discounted at the long-list stage 

 

Drafting the short-list 

The shortlisted options has been described within subsections 4.2.2.2, 1.1.1.1 and 8.2.2.2 alongside 

further assessment of their strengths, weaknesses, opportunities and threats undertaken, as required. 

 

3 A Once for Scotland Approach: Planning the scheme and 

preparing the Outline Business Case (OBC)  

3.1 Determining potential Value for Money (VfM)  
 

This next step in the development of the economic case appraises the social, environmental, and 

economic costs, benefits and risks for the short-listed options and identifies the preferred option: 

the option most likely to offer the best social value for delivery of the project. To reiterate, the 

"value" considered here extends beyond the NHS organization. It encompasses societal benefits to 

patients and carers, the broader public, future generations (through environmental impacts), and 

taxpayers. 

Whilst bringing together a variety of information on costs, benefits, and risks to aid decision making, 

ƻǇǘƛƻƴ ŀǇǇǊŀƛǎŀƭ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǎŜŜƴ ŀǎ ǳƴŜǉǳƛǾƻŎŀƭƭȅ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ΨǊƛƎƘǘΩ ŀƴǎǿŜǊΦ ¢ƘŜ Ǝƻŀƭ ƛǎ 

ΨƻǇǘƛƳŀƭΩΥ they are seeking to identify the option which best balances the expected costs in relation 

to the benefits and risks. 

The high level summary of the use cases can be seen in Table 16. 

3.1.1 Prepare the economic appraisals for shortlisted options  
 

This section delineates the cost modelling employed to compute the discounted costs and benefits 

for the short-listed options and document the discounted values and Benefit/Cost Ratios (BCRs) for 
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each option. The evaluation of costs is approached from the perspective of UK society, 

encompassing two primary categories: 

¶ Public Sector costs: comprising expenses borne by the spending organisation (Direct Costs) 

and those affecting other segments of the public sector (Indirect Costs). 

¶ Wider Social costs: encompassing additional indirect costs impacting various sectors, 

including the private sector. 

3.1.1.1 Calculating the Cost of BAU, across the three health boards 

The cost modelling methodology has been applied uniformly across all three health boards for 
clarity. However, there are slight variations for each board: 

¶ NHS Ayrshire and Arran: Uses taxis under their current arrangements (see section 0). 
¶ NHS Borders: Uses an Internal Combustion Engine van to transport lab samples (see section 

6.1.2.1). 
¶ NHS Grampian: Assumed would use an electric van in the time period they are focused on 

(see section 8.1.2.1). 

 

BAU: Operational Expenditure (OPEX), NHS Ayrshire & Arran 

Figure 12: OPEX, NHS Ayrshire and Arran 

 

The calculation of BAU costs for NHS Ayrshire & Arran involves determining the fare for taxi journeys 

between University Hospital Crosshouse and Ayr Hospital9, multiplied by the annual frequency of 

journeys, alongside the fare between University Hospital Crosshouse and Arran War Memorial, also 

multiplied by the yearly journey frequency10 (Figure 12). 

 

BAU: CAPEX, NHS Borders and NHS Grampian 

Figure 13: CAPEX, NHS Borders and NHS Grampian 

 

 

 
9 Source: NHS Ayrshire & Arran 
10 Source: NHS Ayrshire & Arran 
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For NHS Borders and NHS Grampian, the CAEPX for the BAU option is straightforward, representing 

the leasing cost of a van for a year11 (see Figure 13). Maintenance is included in the leasing costs. 

BAU: OPEX, NHS Borders and NHS Grampian 

Figure 14: OPEX, NHS Borders and NHS Grampian 

 

The OPEX for NHS Borders and NHS Grampian is outlined in Figure 14: 

1. Labour costs for drivers are computed as the product of the Band 2 NHS employee's rate per 

minute12 and the drive time per journey13, multiplied by the annual frequency of journeys. 

According to the head of logistics at NHS Grampian, all drivers are overworked and expected 

to use any time saved not for transporting products, but for transporting furniture, stock, 

and other items. Existing drivers, working within core hours (07:00-15:00), struggle to meet 

the demanding schedule. This assumption is factored into this part of the calculation. 

2. Running costs for vans are determined by multiplying the total drive distance for a round 

trip14, the cost of fuel per journey15, and the yearly frequency of journeys. 

3. Van insurance costs16 are equivalent to the annual premium for insuring the leased van. 

3.1.1.2 Calculating the Cost of the drone intervention, across the three health boards 

Intervention: CAPEX, NHS Borders and NHS Grampian 

 

Figure 15: CAPEX, Drone Services 

 

The calculation of CAEPX for the drone intervention comprises two primary components: 

1. Infrastructure costs, determined as the product of the local infrastructure hub cost, the 

number of hubs required, and the amortisation rate of the local infrastructure hub.17 

 
11 NHS Grampian 
12 NHS Grampian 
13 CPC calculations using Arc GIS 
14 CPC calculations using Arc GIS 
15 Transport Appraisal Guidance (TAG) - A1.3.12 and A1.3.8 
16 https://www.loadsofvans.com/blog/electric-van-costs 
17 Skyports: 1 6ft container with:  ring indoor camera system, starlink / 4G wi-fi,  battery charging rack and facility, aircraft 

storage set up, and  temperature control 
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2. Remote Operation Centre expenses, derived from the network cost of the Remote 

Operation Centre, the shared display unit cost, pilot station cost, the number of pilot 

stations required, and the Remote Operation Centre's amortisation rate.18 

Intervention: OPEX, NHS Borders and NHS Grampian 

Figure 16: OPEX, Drone Services 

 

The operational costs for drone services have been computed through: 

1. Pilot costs, calculated as the product of available pilot work hours per year, pilot utilisation, 

the number of pilots required to support the project, and annual pilot costs.19 

2. Charging costs, determined by multiplying the number of charging cycles, the cost per 

charging cycle20, the total available cycles per pod21, the number of batteries required, and 

the battery acquisition cost.22 

3. Unmanned Aircraft Systems Traffic Management (UTM) costs, charges per flight and 

multiplied by the annual frequency of journeys.23 

4. Payload box costs, computed by multiplying the annual requirement of payload boxes24, 

spare payload boxes25, total payload boxes required26, and the cost per payload box.27 

 
18 Skyports: Assuming both locations need a hub. Could assume that over time, each use case instance only need 1 as aircraft 

get more reliable and will always make it back to the hub location. 
19 Skyports: 8 hrs/day and 250 working days/year and takes into account training and admin time 
20 Skyports: 1.9KW per battery  charge cost 40p per kw,  electricity cost per charging cycle 
21 Skyports: total number of cycles per battery before battery has to be replaced 
22 Skyports: Cost per battery set 
23 Skyports: Based on industry discussions 
24 SkyportsL based on number of daily movements. Assuming every year one can need to get a new payload box 
25 Skyports: 25% spares assumed 
26 Based on number of daily flights 
27 Skyports 
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Ȅ /ƻǎǘ ǇŜǊ ŎƘŀǊƎƛƴƎπŎȅŎƭŜ 

Ȅ ¢ƻǘŀƭ ŀǾŀƛƭŀōƭŜ ŎȅŎƭŜǎ ǇŜǊ ǇƻŘ 
Ȅ І ƻŦ ōŀǧŜǊƛŜǎ ǊŜǉǳƛǊŜŘ 
Ȅ .ŀǧŜǊȅ !Ŏǉǳƛǎƛǝƻƴ /ƻǎǘ

wŜŘǳŎŜŘ Ŏƻǎǘǎ
tŀȅƭƻŀŘ ōƻȄ Ŏƻǎǘǎ
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Ȅ {ǇŀǊŜ ǇŀȅƭƻŀŘ ōƻȄŜǎ 
Ȅ ¢ƻǘŀƭ ǇŀȅƭƻŀŘ ōƻȄŜǎ ǊŜǉǳƛǊŜŘ 
Ȅ /ƻǎǘ ǇŜǊ tŀȅƭƻŀŘ ōƻȄ

wŜŘǳŎŜŘ Ŏƻǎǘǎ
hǊŘŜǊ aŀƴŀƎŜƳŜƴǘ 
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hǊŘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ Ŏƻǎǘ ǇŜǊ ƻǊŘŜǊ 
Ȅ ¢ƻǘŀƭ bǳƳōŜǊ ƻŦ ƻǊŘŜǊǎ

wŜŘǳŎŜŘ Ŏƻǎǘǎ
DǊƻǳƴŘ ¢ǊŀƴǎǇƻǊǘ 
ŀŘŘƛǝƻƴŀƭ Ŏƻǎǘǎ

²ŜŀǘƘŜǊ πDǊƻǳƴŘ ¢ǊŀƴǎǇƻǊǘ !ƭǘŜǊƴŀǝǾŜ Ŏƻǎǘ κ ǇƛŎƪπ
ǳǇ Ȅ ²ŜŀǘƘŜǊ Řƻǿƴ ǝƳŜ Ȅ І ƻŦ ŀƴƴǳŀƭ ōŀŘ ǿŜŀǘƘŜǊ 

Řŀȅǎ

wŜŘǳŎŜŘ Ŏƻǎǘǎ5ǊƻƴŜŎƻǎǘǎ
І ƻŦ ŀƛǊŎǊŀƊ Ȅ ŀƛǊŎǊŀƊ ƳƻƴǘƘƭȅ ƭŜŀǎƛƴƎ Ŏƻǎǘǎ

Ȅ aƻƴǘƘǎ ƛƴŀȅŜŀǊ



CAELUS 

Business Case 

54 

 

5. Order Management System Costs, determined as the product of the order management 

system cost per order28 and the total number of orders.29 

6. Additional ground transport costs, factoring in weather-related downtime and alternative 

ground transport costs.30 

7. Drone costs ς the monthly leasing costs over the course of a year. Drones are leased to 

ensure drone operating companies can harness the latest technology in a fast evolving 

landscape. 

As a new technology being introduced, the cost of the drone service is expected to reduce over time, 

for several reasons. The cost of the drones is expected to reduce as manufacturing moves from a low 

rate initial production to more efficient scaled manufacturing. The per flight cost of remote pilots is 

also expected to reduce as regulation allows one pilot to supervise multiple simultaneous operations. 

The business model for the drone operation also will evolve, potentially to include serving non-NHS 

users which would reduce the average per flight cost for the NHS use cases. Forecasting these cost 

reductions would include many uncertainties and so a conservative approach has been taken in this 

economic appraisal. Further work on this topic was undertaken in the CAELUS business modelling 

work stream and should be developed and incorporated into future iterations of the medical drone 

delivery business case. 

3.1.1.3 Presenting the cost outputs for the economic appraisals 

 

Figure 17: Preparing cost outputs for BCR 

 

Forecasting future demand 

 

The forecasted demand for medical items is derived through a projection of population growth 

sourced from NOMIS data. This growth rate is then applied to the frequency of items demanded in 

the preceding year. It is noteworthy that, on aggregate, the population of health boards 

 
28 Skyports: Current Skyports cost per order 
29 Skyports: Assumes that for every flight a new order form has to be created within the system 
30 Skyports: Assumption cost for ad-hoc taxi cost, whilst the efficiency of drones steadily improves over time 
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demonstrates a declining trend over time (Figure 71). This demographic shift contributes to a 

diminishing yield from interventions over the same period. 

While the population in those healthboards is forecast to decline, it is also expected to age at the 

same time and this trend might be offsetting the modelled reduction in demand. However, this 

trend has not been accounted for and the resulting analysis might be seen as underestimating future 

demand and benefits. More detailed analysis could use data on demand by age group and thereby 

refine the simplistic demand forecast undertaken to date. 

 

Relative price changes 

Costs in the economic appraisals are presented in 'real relative prices,' which adjust for general 

inflation effects. This adjustment allows for relative changes in prices, such as those expected in land 

values or computer processors, to be factored into the analysis. This information was sources from 

the Office for Budget Responsibility (OBR) 

Discounting - the Social Discount Rate and Time Preference 

Recognising the tendency to discount the future, the social discount rate, as specified by the 

Treasury Green Book, is applied annually to progressively reduce the present value of future values. 

This facilitates the comparison of alternative options by standardising their whole life costs and 

benefits into present values.31 

3.1.2 Undertake benefits appraisal 
This section appraises the quantifiable and qualitative benefits of two approaches: the existing 

"Business as Usual" and the proposed "Preferred Way Forward." The primary objective is to identify 

the main benefits, and where possible, to measure them so they can be converted into monetary 

terms, while avoiding the inclusion of benefits that lack a robust evidence base for measurement, 

assessment, or evaluation. 

Efforts have been made to quantify all benefits, regardless of whether they can be directly 

monetised. However, there were instances where quantification presented challengesτdue to a 

weak evidence base or when the costs of research are not justified by the potential insights gainedτ

and in the future such benefits should be described in qualitative terms or further work undertaken 

to gather an evidence base. Further information is available in the HM Treasury Guidance32 on 

appraising non-monetary benefits. 

A summary of which benefit categories were identified in each use case is presented below in Figure 

18. The details of quantifiable and qualitative benefits for each use case are documented in the 

Benefits Register, specifically in Table 19,   

 
31 HM Treasury. (2022). The Green Book: Central government guidance on appraisal and evaluation. Retrieved from 

https://assets.publishing.service.gov.uk/media/623d99f5e90e075f14254676/Green_Book_2022.pdf, p. 45 
32 HM Treasury (2018) GUIDE TO DEVELOPING THE PROJECT BUSINESS CASE. Retrieved from 

https://assets.publishing.service.gov.uk/media/66449468ae748c43d3793bb8/Project_Business_Case_2018.pdf#page=51, p. 

51 

https://assets.publishing.service.gov.uk/media/66449468ae748c43d3793bb8/Project_Business_Case_2018.pdf#page=51
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Table 20, Table 26 and   
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Table 32.  

 

Figure 18: Summary of benefits by healthboard 

 

3.1.2.1 Noise Consideration 

In the development of the business case, noise was identified by stakeholders a worthy of 

consideration within the Value for Money (VfM) and cost-benefit analysis. Initial models were 

developed to understand the potential impact of noise on the surrounding environment and 

communities. These models incorporated data from the Departments for TransportΩs Transport 
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Appraisal Guidance and Department for Environment, Food & Rural Affairs, including preliminary 

findings from Arup's work across CAELUS.33 

Reason for Excluding Noise as a Cost from Overall Modelling 

Despite the initial efforts to quantify the noise impact, it was decided not to include noise in the 

overall modelling of the business case. This decision was based on several factors: 

1. Future Uncertainty: The business case is forward-looking, and there is considerable 

uncertainty regarding noise levels in the future. Technological advancements in drone 

design, for instance, could significantly reduce noise emissions. Innovations in materials, 

propulsion systems, and operational protocols are expected to make future drones quieter. 

2. Operational Considerations: The placement and design of take-off and landing sites could 

be optimised to minimise noise disturbance. Strategic site selection, noise barriers, and 

operational curfews are potential measures that could mitigate noise impact. 

Given these uncertainties, the assessment suggested that the effect might, in the end, be largely 

mitigated. Consequently, adopting a 'slight adverse' assumption was considered a prudent 

precaution. This assumption is subject to potential revision in the further stages of the business case 

based on trials and demonstrators. This approach ensures that the business case remains adaptable 

and relevant as technology and operational practices evolve. 

Future Reassessment 

Should the business case be revisited in the future, a more detailed and updated analysis of noise 

impacts will be necessary. This would involve: 

¶ Revisiting Technological Developments: Assessing the advancements in drone technology 

and their implications for noise levels. 

¶ Updated Environmental Impact Studies: Conducting new studies to understand the actual 

noise impact based on the latest drone designs and operational practices. 

¶ Community Impact Assessments: Engaging with local communities to gauge the impact of 

noise and developing mitigation strategies accordingly. 

Summary 

While noise was an important consideration, its exclusion from the overall modelling reflects a 

strategic decision to accommodate future uncertainties and technological advancements. The 

business case remains flexible and can incorporate more precise noise impact assessments if 

revisited. Future work will build on the foundations laid by initial models and expert insights, 

including ongoing and future contributions from Arup's research. 

While this business case is centred on the NHS and its patients, it does not encompass a 

comprehensive analysis of all potential stakeholders. Specifically, the impact on local transport 

providers (e.g., bus and taxi services) and the broader macroeconomic implications (e.g., indirect tax 

revenue) have not been assessed at this time. 

 
33 Arup, ct. Internoise 2023 conference, "Exploring the Public Perception of Sound of Medical Delivery Drones in Scotland: An 

Online Listening Test Approach." 
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3.1.3 Undertake risk appraisal  

In section 2.1.4.2 the main risks have been identified, and when assessing Value for Money, HM 
Treasury business case guidance is that these risks are to be assessed and where possible estimated 
and quantified in monetary terms. This risk appraisal is referenced in the Outline Business Case 
section of the guidance and therefore while the foundations are laid in this report, risk appraisal is 
beyond the scope of this document. 

For future versions of the business case risk appraisal is necessary. In future developments of the 
business case the service risks associated with the CAELUS project should be estimated and 
quantified in monetary terms, represented as equivalent likelihood valuesτcalculated as the cost of 
mitigation multiplied by the likelihood of occurrence. At this stage of the business case development 
process, an allowance was made for optimism bias ς see sections 3.1.3.1 and 3.1.3.2 for more 
information on this. As risk costs are included, the allowances for optimism bias can be reduced. The 
main strategies for reducing bias are: 

¶ Full identification of stakeholder requirements (including consultation): Engaging with all 
stakeholders to ensure their needs and concerns are fully understood and addressed. For 
instance, continued and more detailed consulting with NHS Scotland staff to understand the 
critical medical supplies needed in remote areas. 

¶ Accurate costing: Ensuring all cost estimates are as accurate as possible to avoid 
underestimations. This might involve detailed market research to get the latest costs of 
drone technology and infrastructure. 

¶ Risk mitigation and management: Implementing effective strategies to mitigate identified 
risks and manage them throughout the project lifecycle. For example, developing 
contingency plans for adverse weather conditions. 

As optimism bias should be decreasing as the business case develops, the lower bound values of 
optimism bias at this stage represent the maximum optimism bias level to aim for in the final Full 
Business Case.  

Risk Identification and Measurement 

There is always likely to be some difference between expectations and actual outcomes due to 
inherent biases and the risks and uncertainties that become apparent during the design, build, and 
operational phases of the project. Therefore, risk management strategies should be adopted for 
both the appraisal and implementation phases of CAELUS.  

Risk Identification 

Several techniques can be used to identify risks associated with the CAELUS project. Three 
commonly used methods mentioned in the HM Treasury guidance are listed below with CAELUS 
specific examples: 

¶ Structured review meetings: Involving the programme and project teams, encouraging 
participation and ownership of the risks by key personnel. For example, regular meetings 
with the drone operators from Skyports and healthcare professionals from NHS Scotland to 
discuss potential risks. 

¶ Risk audit interviews: Conducted by experienced managers and/or advisers with all those 
involved in the programme or project teams who are responsible for risk. For instance, 
interviews with logistics experts to identify risks in the supply chain of medical supplies. 
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¶ Risk workshops: Collaborative sessions designed to identify and assess risks. These could 
include scenario planning workshops where different risk scenarios are played out, such as a 
drone malfunction during a critical delivery. 

By employing these methods, the CAELUS project can effectively manage and mitigate risks, 
ensuring the successful delivery of a robust national drone network for medical logistics in Scotland. 

General Types of Risk 

The risks identified are detailed in Table 3 and Table 4 within Section 2.1.4.2. 

While risk appraisal was not undertaken within this phase of the business case development, 

accounting for optimism bias is recommended at an early stage to mitigate for the uncertainty 

around risk. Optimism bias is accounted for both in the cost calculations (underestimating cost) and 

the benefits (overestimating benefits). The methodology applied is outlined in the following 

sections. 

3.1.3.1 Accounting for optimism bias in cost estimation 

 

Table 11: Summary of risk, accounting for optimism bias 

 

To determine the cost estimates for the options across the health boards, the upper and lower 

bounds have been considered identified in Table 11. These bounds have been informed by the 

recommended adjustment ranges in the supplementary Green Book Guidance, as shown in Table 

12.34 

The adjustment ranges in Table 12 serve as a reasonable starting point and benchmark. In the 

absence of more specific data on drone projects, the upper bound value for optimism bias has been 

chosen. This relates to capital expenditure, standard civil building from Table 12 as the initial value 

for the calculations. 

To incorporate this optimism bias into the analysis, present value of the capital costs has been 
multiplied by the optimism bias factor. This result is then added to the total net present cost (or net 
present value) of the entire project to establish the Base Case. (As defined in the Green Book, the 
Base Case is the best estimate of the project's economic cost, accounting for risk and optimism.) 

 
34 HM Treasury. (2013). Supplementary Green Book guidance: Optimism bias [PDF]. Retrieved from 

https://assets.publishing.service.gov.uk/media/5a74dae740f0b65f61322c72/Optimism_bias.pdf, p. 2. 
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The decision to use the optimism bias related to capital expenditure, standard civil building for the 
drone appraisal is based on the following rationale: 

¶ Lack of specific data: There is currently limited historical data available on cost overruns 
specifically for drone projects. Using the data from standard civil building projects, which is 
readily available and well-documented, provides a reasonable proxy. 

¶ Comparable complexity: While drones and civil buildings are different in nature, they share 
similarities in terms of the complexity of their development and implementation. Both 
involve various technical and logistical challenges that could lead to unforeseen costs. 

¶ Conservative approach: By using the upper bound value for optimism bias from standard 
civil building projects, a conservative approach has been adopted that acknowledges the 
potential for cost overruns in the drone project. This helps to ensure that the cost estimates 
are realistic and account for potential risks. 

It is important to note that this is a preliminary approach. As more data on drone projects becomes 
available, the optimism bias can be refined and adjusted accordingly. However, using the standard 
civil building data as a starting point provides a valuable framework for assessing the financial 
viability of the drone project in the absence of more specific information. 

Table 12: Recommended Adjustment Ranges, ct. Supplementary Green Book Guidance 

Project type Optimism bias 
 Works duration Capital expenditure 
 Upper Lower Upper Lower 

Standard building 4% 1% 24% 2% 

Non-standard buildings 39% 2% 51% 4% 

Standard civil building 20% 1% 44% 3% 

Non-standard civil building 25% 3% 66% 6% 

Equipment/development 54% 10% 200% 10% 

Outsourcing n/a n/a 41% 0% 

 

3.1.3.2 Accounting for optimism bias in benefit estimating35 

Optimism bias also applies to the estimating of benefits, there is generally a shortfall between the 

benefits estimated in modelling and the actual benefits achieved in operation. To account for the 

optimism bias related to benefits for the selected option, a discount is applied to the calculated 

benefits. Based on ǊŜǎŜŀǊŎƘ ǘƘŀǘ ŦƻǊƳǎ ǇŀǊǘ ƻŦ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ŦƻǊ ¢ǊŀƴǎǇƻǊǘΩǎ ¢ǊŀƴǎǇƻǊǘ !ǇǇǊŀƛǎŀƭ 

Guidance (TAG) discount values for different project types are shown in Table 13. 

The discount used in this modelling is taken from the IT category (within Table 13Table 13: TAG 

optimism bias) rather than from rail, roads, fixed links, or buildings. This has been done for the 

following reasons: 

1. Novelty of Technology: Drone technology is relatively new compared to traditional 

infrastructure like roads or buildings. There is less historical data available to accurately 

estimate benefits for drone projects. IT projects, while also evolving rapidly, may have a 

more established track record of cost estimation, making their optimism bias values the 

most applicable. 

 
35 Department for Transport. (n.d.). TAG optimism bias workbook. Retrieved from 

https://www.gov.uk/government/publications/tag-optimism-bias-workbook 
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2. Complexity and Uncertainty: Drone interventions involve complex systems integration, 

regulatory approvals, and operational challenges. This level of complexity and uncertainty is 

more akin to IT projects than to traditional infrastructure projects. Therefore, using the 

optimism bias value from the IT category might be a better reflection of the potential risks 

involved. 

3. Cost Structure: The cost structure of drone interventions may be more aligned with IT 

projects than with traditional infrastructure projects. For example, software development, 

data analytics, and communication systems are likely to be significant cost drivers in drone 

projects, similar to IT projects. 

4. Risk Profile: While all projects carry risks, the specific risks associated with drone 

interventions might be more comparable to IT projects. These could include technological 

obsolescence, cybersecurity threats, and integration issues. Using the optimism bias value 

from the IT category could provide a more accurate assessment of these risks. 

5. Lack of Specific Data: There may be a lack of specific historical data on cost overruns for 

drone projects in the healthcare sector. In this case, using the optimism bias value from a 

related field like IT, where more data is available, could be a reasonable proxy. 

It's important to note that this is a decision based on expert judgment and available information. As 

more data on drone interventions in healthcare becomes available, the optimism bias values can be 

refined and adjusted accordingly. 

Table 13: TAG optimism bias 

P-value 
Level of certainty  
of the estimate 

Rail Roads Fixed links Buildings IT 

5 5% 63% 71% 82% 56% 97% 

10 10% 34% 43% 35% 43% 79% 

15 15% 16% 30% 21% 43% 42% 

20 20% 8% 20% 15% 42% 5% 

25 25% 1% 11% 10% 10% 0% 

30 30% -4% 9% 2% 6% 0% 

35 35% -13% 4% -3% 5% 0% 

40 40% -18% 0% -5% 1% 0% 

45 45% -26% -3% -11% -3% 0% 

50 50% -30% -7% -14% -4% 0% 

55 55% -37% -10% -19% -5% -19% 

60 60% -43% -14% -21% -8% -34% 

65 65% -50% -19% -29% -9% -59% 

70 70% -54% -23% -39% -13% -70% 

75 75% -58% -29% -44% -20% -84% 

80 80% -64% -35% -47% -48% -85% 

85 85% -69% -41% -51% -49% -94% 

90 90% -75% -52% -65% -54% -98% 

95 95% -81% -65% -70% -80% -104% 

N   132 793 53 21 211 

Mean   -25% -5% -13% -4% -21% 
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3.1.4 Select preferred option and undertake sensitivity analysis 
 

Sensitivity Analysis 

Sensitivity analysis has been employed to facilitate the appraisal process, testing the CAELUS 
project's resilience to unavoidable uncertainties and validating its ranking against the Business As 
Usual (BAU) option. This analysis prioritises meaningful insights over spurious accuracy (Figure 19). 

Figure 19: Accounting for optimism bias and risk across the three health boards 

 

The sensitivity analysis across the three health boards consisted of two stages: 

1. Switching Values: This technique identifies the threshold at which the preferred option would 

become less favourable due to changes in uncertain costs or benefits. By expressing the BAU 

option relative to the preferred option in percentages, it reveals the degree to which variables 

must shift to alter the decision. If the operational costs of drones were to increase by 20%, 

one can would assess how this impacts the cost-effectiveness compared to traditional delivery 

methods. If the BAU option becomes more cost-effective due to this increase, one can 

determine the exact point at which this switch occurs. 

2. Scenario Analysis: This approach examines how the options fare under different future 

scenarios, particularly those reflecting significant technical, economic, or political 

uncertainties. Scenarios are carefully chosen, not arbitrarily, but based on the most plausible 

variations in key factors like real wage growth, revenues, demand, prices, and risk values. 

Example Scenarios include a technical scenario: Introduction of more advanced, cost-efficient 

drone technology reduces both CAPEX and OPEX; or a macroeconomic scenario where an 

economic downturn leads to reduced funding for healthcare innovations, impacting the 

scalability of the CAELUS project; or a regulatory scenario: Changes in aviation regulations 

either facilitate or restrict the widespread use of drones in medical logistics. 

For this small to medium-sized investment, scenario analysis involves "what if" questions, extending 

to detailed models for larger projects. The expected Net Present Social Value (NPSV) is calculated for 

each scenario. 
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The sensitivity analysis encompasses a range of variables, including those inherently uncertain yet 

fundamental to the appraisal, such as: 

¶ Real wage growth, related to the labour costs to the van drivers, and pilot. For instance, If 

pilot wages increase by 10%, one can assess how this affects the overall cost structure and 

whether the CAELUS project remains viable. 

¶ Demand, based on population projections. For example, higher demand in rural areas for 

medical supplies could justify increased drone operations, enhancing the project's feasibility. 

¶ Prices of drone infrastructure: CAPEX and OPEX. If the cost of drone technology drops by 

15% due to advancements, this could significantly improve the project's cost-efficiency. 

¶ Risk values, based on the sensitivity analysis such as evaluating the risk of drone failures or 

regulatory changes and their financial implications. 

 

Understanding cost structures (fixed, step, variable, semi-variable) further aids in assessing the 

sensitivity of total costs. 

To provide a more comprehensive and realistic assessment of the project's risks, this business case 

has gone beyond the standard optimism bias adjustments outlined in Table 13. Two additional 

scenarios have been incorporated that address potential real-world challenges: 

1. Drone Effectiveness in Reducing Inefficiencies (see Table 14 for detail): This scenario 

accounts for the varying degrees to which drones might be able to address inefficiencies 

within the health boardΩs operations. By considering a range of potential effectiveness 

levels, one can provide a more nuanced understanding of the likely impact of the drones on 

operational efficiency. 

2. Weather Impact on Drone Effectiveness (see Table 15 for detail): This scenario 

acknowledges the potential for adverse weather conditions to disrupt drone operations. By 

incorporating the likelihood and impact of weather-related disruptions, one can offer a more 

conservative picture of the expected benefits, ensuring the projections are grounded in 

practical considerations. 

By incorporating these additional scenarios, one can aim to provide a more robust and reliable 

assessment of the CAELUS project's potential benefits, ensuring that decision-makers have a clear 

understanding of the risks and opportunities involved. 
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Table 14: Drone travel scenarios (overtime), effectiveness reduction 
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Table 15: Drone travel scenarios (weather), effectiveness reduction 

 



CAELUS 

Business Case 

67 

 

Workshop 3 ς Selecting the Preferred Option from the Short-listed Options  

Connected Places Catapult (CPC) hosted several workshops across the three health boards aimed at 

finalising the selection of the preferred option and assessing its robustness through sensitivity 

analysis. The workshop reviewed the project objectives, appraisal findings, and sensitivity analysis 

results to reach a consensus on the preferred option. Key outputs included: 

1. Final Decision on the Preferred Option: Selection of the option providing the best public 

value. 

2. Validation of Cost Benefit Analysis (CBA) Findings: Ensuring the accuracy and reliability of 

the CBA. 

3. Identification of Best Public Value: Confirming the preferred option that offers optimal 

public value. 

Prior to the workshop, extensive efforts were made to validate the findings of the Cost Benefit 

Analysis (CBA) conducted for the shortlisted options. This included addressing any additional data 

gaps and verifying the assumptions underlying the modelling used in the Value for Money (VfM) 

assessment by sharing pre-work with invitees, as illustrated in Figure 20. Further details can be 

found in the Appendices. 

Figure 20: Pre-workshop "homework" for workshop 3 

 

3.1.4.1 High level cost benefit analysis 

Table 16 provides a comprehensive overview of the combined costs and benefits across all use cases, 

as detailed in Table 23, Workshops with stakeholders across health boards were conducted to finalise 

the preferred option, ensuring a robust, transparent, and informed decision-making process. , Table 

35. It is important to note that the initial Benefit-Cost Ratio (BCR) analysis for the CAELUS project 

indicates the BCR may be lower than anticipated for two of the use cases within the health boards. 

This is largely due to the analysis focusing on a single route for one use case, which, while ensuring 

accuracy, limits the scope and likely understates the true BCR. 
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Table 16: High-Level Summary of the Cost-Benefit Analysis of All Combined Use Cases 

Cost Benefit 
VfM 

 rating36 

Scenario Scenario 
 

 
   

  
Three use 

cases 
combined    

Cost, upper 
bound 

Benefit 
pessimistic 

Very high Poor Poor Very high 

Cost, lower 
bound 

Benefit, 
pessimistic  

Very high Poor Low Very high 

Cost, 
optimistic  

Benefit, 
optimistic  

Very high Poor Medium Very high 

While this analysis primarily focuses on quantifiable benefits for specific use cases across three health 

boards, NHS stakeholders have identified broader potential advantages associated with drone 

technology. These qualitative benefits, although not directly quantifiable within this business case, 

could have significant long-term implications. 

A wider, nationwide adoption of drone technology could unlock substantial efficiencies and cost 

savings across the NHS. However, this would necessitate a coordinated, strategic approach to ensure 

integration with existing infrastructure, address regulatory considerations, and manage public 

perception. 

Despite these limitations, the combined findings demonstrate that the interventions offer good value 

for money (VfM), primarily driven by the use case identified within NHS Grampian. This use case 

enables two critical services that wouldn't otherwise be available: the administration of chemotherapy 

products in a nearby hospital for a significant portion of the population and the faster delivery of 

medical products, allowing more patients to be treated locally. 

Every effort has been made to quantify all potential benefits. However, in cases where evidence is 

lacking or the costs of research outweigh the benefit's magnitude, quantification may be expressed 

qualitatively. Even then, it remains crucial to estimate the likely magnitude of these benefits. 

For qualitative or non-monetised benefits that are still essential for decision-making, a separate 

evaluation is conducted to determine if the added value justifies the cost. This analysis helps inform 

alternative options and facilitates a comprehensive appraisal of different scenarios.  

It should be emphasised that these estimates are preliminary attempts at monetising these benefits. 

There is significant uncertainty, and further work is required to refine these estimates. However, the 

initial indication, as seen in section 3.1.5, suggests that this could potentially offer high value for 

money. 

 
36 The presented value for money rating is based exclusively on benefits that have been quantified in monetary terms. It is 

acknowledged that a more comprehensive assessment of value for money would also encompass non-monetised and 

qualitative considerations, such as improved patient experience, increased staff morale, and potential long-term health 

outcomes. 
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The benefits are expected to increase more than the costs when services are scaled to more use 

cases and all of Scotland. This is due to economies of scope and scale associated with the mass 

production and use of the drone intervention. 

 

3.1.5 Explanation for Lower Initial Benefit-Cost Ratio (BCR) Rating 
The initial Benefit-Cost Ratio (BCR) analysis for the CAELUS project reveals a lower than anticipated 
BCR across three of the use cases within the health boards. This outcome primarily arises from a 
focused evaluation of a single route for one use case, where a more realistic scenario is a procured 
drone service would be used for multiple use cases even on a single route. While this approach to 
evaluation ensures precision and robustness in the analysis, it also artificially restricts the scope of a 
service, almost certainly understates the potential BCR (Figure 28).  

While the primary focus of this analysis is the quantified benefits relating to the specific use case 
across the three health boards, NHS stakeholders have identified a wider range of potential 
advantages associated with drone technology. These benefits, though not included within the scope 
of this business case, warrant consideration in future versions of the business case for their potential 
long-term impact. 

Notable examples include in NHS Grampian, where there is the potential reduction in taxi costs. 
Currently, urgent items such as laboratory samples are transported from Dr GrayΩs Hospital to 
Aberdeen Royal Infirmary by taxi at significant cost. Using drones for these deliveries as well as the 
chemotherapy use case could significantly decrease transport expenses and potentially improve 
delivery times. Looking more broadly, other parts of the health service could become users of a 
drone service locally, such as the Scottish Ambulance Service, which could spread costs and unlock 
other benefits. 

While this business case does not include a detailed analysis of these additional benefits, they 
underscore the broader potential of drone technology to enhance NHS operations beyond the 
immediate focus of Project CAELUS. Further exploration of these benefits could be incorporated into 
future phases of the project or separate business cases. 

It is important to recognise that the introduction of drone technology within the NHS should not be 
confined solely to the specific use case analysed in this business case. Furthermore, limiting 
implementation to just two or three health boards would not be a sustainable long-term strategy. 

Realistically, a phased approach to drone adoption would likely be more feasible. This could involve 
initially focusing on specific high impact use cases, such as the urgent delivery of medical supplies or 
lab samples, while gradually expanding to other areas as the technology matures and regulations 
evolve. 

A broader, nationwide adoption of drone technology could ultimately unlock significant efficiencies 
and cost savings across the NHS. However, this would require a coordinated, strategic approach to 
ensure integration with existing infrastructure, address regulatory considerations, and manage 
public perception. 

Therefore, while this business case focuses on a specific use case, it is essential to consider the wider 
implications and potential for broader adoption of drone technology within the NHS. 
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Figure 21: Does a narrow Use Case reflect reality, and is the actual VfM higher? 

 

The narrow scope of the evaluation does not capture the full potential benefits that CAELUS could 

offer. In reality, the project is likely to yield higher benefits due to several factors: 

1. Expansion of Use Cases: Many use cases for a drone service have been identified (see 

2.2.1.1), and NHS Scotland are likely to discover even more in the future as public and staff 

awareness grows. Integrating these new use cases with those modelled in this business case 

will amplify the overall impact. 

2. Increased Drone Journeys: Over time, the frequency of drone journeys is expected to rise, 

enhancing operational efficiencies and benefits. 

3. Reduced Cost per Journey: Economies of scale and technological advancements are 

anticipated to lower the average cost per drone journey. 

To provide a more comprehensive and realistic view of the potential benefits, a range of potential 

scenarios could be developed as to how one might scale up the benefits and costs using appropriate 

factors. This approach could  garner ministerial support, particularly from NHS Scotland, and secure 

future funding rounds for the CAELUS project through providing an indication on how large ŀƴ Ψŀƭƭ 

Scotland/aƭƭ ǳǎŜ ŎŀǎŜǎΩ ./w ƳƛƎƘǘ be. 

The subsequent part of this section outlines a potential methodology.  
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3.1.5.1 Scaling Up Benefits and Costs 
Figure 22: Methodology for scaling up 

 

Benefits 

1. Gather Data: 

¶ Incidence Data: Obtain the latest data on urgent health risks by use case group as 

specified from the University of Strathclyde workshop. This includes chemotherapy, 

laboratory, transplants, diagnostics, medicines, time-critical incidents, life-saving 

equipment, and nutrition (these are examples only). 

¶ Population Data: Acquire current population data for the health board, 

disaggregated by age group and sex from sources such as the Scottish Census. 

2. Calculate Age-Standardised Incidence Rates (ASIRs): 

¶ For each incidence type, calculate the ASIR for the health board. ASIRs adjust for 

population age structure differences, allowing for meaningful comparisons between 

populations. 

¶ The formula for ASIR is: 

ὃὛὍὙ
ВὥὭ ὡὭ

ὡ
 

Where: 

¶ Ὥ is the age group index 

¶ ὥi is the age-specific incidence rate for age group Ὥ 

¶ ὡi is the standard population weight for age group Ὥ 

¶ ὡ is the total standard population weight 

1. Estimate the Proportion at Risk: 
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¶ For each use case type, estimate the proportion of the population at risk by 

multiplying the ASIR by the corresponding age group population size. 

¶ Sum the proportions at risk to obtain the overall proportion of the population at risk 

for the use case groups within the health board. 

2. Using the Scaling Factor: 

¶ Apply the scaling factor identified in the cost modelling to the values of frequency of 

deliveries. 

Costs 

1. Workshop with Consortium Partners: 

¶ Conduct a workshop to map out cost drivers associated with the CAELUS project. 

2. Identify Scaling Factors: 

¶ Determine the appropriate scaling factors for the identified cost drivers. Existing 

van/taxi routes may serve as proxies to estimate the services that drone deliveries 

would replace. 

3. Extrapolate Scale: 

¶ Extrapolate the costs based on the identified scaling factors. 

Questions for Scaling Up Benefits and Costs 

Benefits 

¶ Of the use case groups identified from the University of Strathclyde workshop (see Section 

0), which can be omitted without significantly affecting the overall benefit estimate? 

Costs 

¶ How will each subset of costs (fixed, semi-fixed, and variable) scale with increased drone 

usage? 

¶ What is the appropriate proxy for scaling factors in terms of existing logistics services? 

Considerations for key stakeholder support 

To secure key stakeholder support and ensure the scalability of CAELUS, particularly within NHS 

Scotland, it's essential to: 

1. Demonstrate a robust and comprehensive analysis by incorporating potential use case 

expansions. 

2. Show how increased drone journeys and reduced average costs per journey can enhance the 

project's overall benefits. 

3. Use the scaled-up scenario to present a compelling case for future rounds of funding and 

support. 

By addressing these considerations and providing a more detailed and expansive analysis, one can 

better capture the true potential of the CAELUS concept and present a more accurate BCR. 
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Use the scaled-up scenario to present a compelling case for future rounds of funding and support. 

By addressing these considerations and providing a more detailed and expansive analysis, we can 

better capture the true potential of the CAELUS project and present a more accurate BCR. 
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4 Blood products and urgent laboratory samples in NHS Ayrshire & 

Arran: Scoping the proposal and preparing the Strategic Outline 

Case (SOC) 

4.1 Making the case for change 
 

The national case for change can be found in section 2.1. The specifics for this use case are outlined in 

the following sections. 

4.1.1 Agree the strategic context 

 

4.1.1.1 Range of services 

NHS Ayrshire & Arran provides a comprehensive range of services related to laboratory samples, 

including the transportation, processing, and analysis of laboratory samples. These services are 

delivered through a network of healthcare providers, which includes hospitals, clinics, and community 

pharmacies, all located across the Ayrshire & Arran health board. Users of these services include 

healthcare professionals, such as doctors and nurses, as well as patients who require diagnostic 

testing. 

In terms of service levels, NHS Ayrshire & Arran is committed to providing services that meet the needs 

of its patients. The delivery of laboratory samples is subject to strict quality standards and protocols 

to ensure accurate and timely results. This includes the use of advanced technology and equipment, 

such as automated testing systems, to enhance the accuracy and efficiency of service delivery. 
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Figure 23 NHS Ayrshire and  Arran map of hospitals 

 

Blood products are managed from the Blood Transfusion lab at University Hospital Crosshouse. 

4.1.1.2 The organisational structure, including staffing and governance arrangements: 

The organisational structure, including staffing and governance arrangements is contained appendix 

11.1.2. 

4.1.1.3 The health ōƻŀǊŘΩǎ existing financial position, including funding streams and levels of spend 

The health ōƻŀǊŘΩǎ existing financial position, including funding streams and levels of spend is 

contained in appendix 11.1.34.1.1.3. 

4.1.1.4 Strategic vision 

For information related to tƘŜ ƘŜŀƭǘƘ ōƻŀǊŘΩǎ strategic vision, please see appendix 11.2.3. 

 

4.1.2 Determine the spending objectives, existing arrangements and business needs 
 

Section 2.1.2 emphasises the importance of a robust case for change by understanding NHS 

Scotland's objectives, existing arrangements, and future business needs. It outlines the analysis of 

spending objectives for CAELUS, focusing on intervention drivers such as effectiveness, efficiency, 

economy, compliance, and replacement. The ultimate goal is to achieve measurable social, 

economic, and environmental outcomes for value for money. 
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4.1.2.1 Existing arrangements 

Route 1: Transporting Blood Products and Lab Samples between Arran War Memorial Hospital 

(AWMH) and University Hospital Crosshouse (UHC) 

Reliance on Ferry Service: 

This route relies on the scheduled ferry service, which restricts transport timing due to long gaps 

with no scheduled ferries, including a 13-hour gap overnight. The unreliability of the ferry service is a 

persistent issue due to mechanical failures, weather conditions, and other operational challenges. 

This single point of failure in the transport system, operated by a third party with other priorities 

than healthcare logistics, presents a significant challenge for NHS Ayrshire and Arran. Many island 

communities in Scotland face similar transport challenges. 

Timeliness: 

The complexity of the journey, involving two land transport legs and a ferry crossing, poses 

significant challenges to the timeliness of deliveries of both blood products and lab samples. The 

land transport is multi-modal, involving both hospital vans and taxis, which are serviced by different 

providers on the island and mainland. Blood products in transit for six hours or more can become 

unusable, a threshold exceeded in 10% of cases over a year (22 out of 210 products sent across 64 

journeys, according to audit data). The average transfer time for blood products from UHC to AWMH 

was just under four hours (source: audit data). Laboratory samples sent from AWMH to UHC also 

have strict timeliness requirements; for example, blood culture samples should be loaded onto an 

analyser within four hours of being taken. 

An intervention should aim to provide a more agile, responsive, and resilient transport service to 

ensure the timely delivery of blood products and laboratory samples. 

Blood Products Specific Challenges: 

Wasting blood products, which are precious commodities and tightly controlled both locally and 

nationally, is a significant issue. Other issues include wasted laboratory staff time in the preparation 

of blood products and a lack of emergency O negative blood supply, which poses a risk to 

appropriate patient care. Additionally, the delayed availability of crossmatched blood and delayed 

transfusion treatment cause inconvenience and anxiety for both staff and patients. There is also the 

risk of having no product and cancelled transfusions if the product cannot be shipped, posing a 

further risk to appropriate patient care. Although the transport boxes have been validated for use 

and there is a formal record of packaging and receipt, there is currently no tracking device on items 

or real-time temperature monitoring/logging. An intervention should seek to optimise 

transportation methods, improve tracking and monitoring, and ensure the timely delivery of 

products while preserving their integrity. 

Route 2: University Hospital Ayr (UHA) to University Hospital Crosshouse (UHC) 

Timeliness: 

A significant portion of samples arriving at UHC from UHA are outside the recommended time limits. 

Urgent samples require immediate processing for critically unwell patients. 

Transportation Methods: 

The route relies on both a scheduled van service and taxis, leading to varying transport availability. 

Coordination for taxi transport outside of normal working hours is managed through the 24/7 

Portering desk. 
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4.1.2.2 Identifying business needs 

To effectively meet spending goals for NHS Ayrshire and Arran, and Scotland, identifying necessary 
improvements for the CAELUS project, particularly in blood sample transportation, is crucial. This 
section addresses current challenges and offers solutions to improve business operations and service 
delivery. 

Defining CAELUS's business needs and drivers is vital to ensure alignment with operational 
requirements. This analysis includes: 

¶ Current challenges: NHS Ayrshire and Arran face delays in blood product and lab sample 
transportation, highlighting the need for a more reliable method. 

¶ Future demand projections: With an aging population, the demand for healthcare services 
will rise, necessitating efficient transportation solutions. For instance, drone technology can 
expedite sample transportation between rural clinics and the central lab in Ayrshire (Table 
17). 

By tailoring the CAELUS project based on these examples, NHS Ayrshire and Arran can enhance 
blood product and lab sample transportation, along with overall healthcare service delivery. 

Table 17: NHS Ayrshire and ArranΩǎ spending objectives 

Spending 
Objectives/Outcomes 

Existing Arrangements/ 
Current Situation 

Business Needs, Opportunities, and 
Service Gaps 

 

Blood products and laboratory samples are 
transported between AWMH and University 

Hospital Crosshouse using a combination of taxis, 
vans, and ferries due to geographical separation. 

Similar transportation methods are employed 
between University Hospital Ayr and University 

Hospital Crosshouse. 

1. Enhance reliability and timeliness of 
transportation services, especially for urgent 

samples and blood products.  
2. Improve coordination between transportation 

modes and hospitals to minimise delays.  
3. Implement tracking devices and real-time 

temperature monitoring for transported items to 
ensure product integrity and patient safety. 

 

Current operations rely on scheduled van services, 
taxis, and ferries for transportation, with 

coordination through the 24/7 Portering desk for 
taxi transport outside normal working hours. 

1. Diversify transportation methods to mitigate 
reliance on a single mode of transport, especially 

for routes with limited availability like ferry 
services.  

2. Develop contingency plans to address 
disruptions caused by external factors such as 
mechanical failures, weather, and operational 

challenges.  
3. Ensure timely delivery of medical supplies, 

particularly blood products, to maintain patient 
care standards during emergencies or challenging 

situations. 

 

 

4.1.3 Determine potential business scope and key service requirements 
The potential scope of CAELUS has been identified, in terms of the operational capabilities and service 

changes required to satisfy the identified business needs. 

The discussion related to scope included the range of business functions, areas and operations to be 

affected and the key services required to improve organisational capability on a continuum of need, 

where: 
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¶ ǘƘŜ ΨŎƻǊŜΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨŜǎǎŜƴǘƛŀƭΩ ŎƘŀƴƎŜǎ ǿƛǘƘƻǳǘ ǿƘƛŎƘ 

/!9[¦{ ǿƛƭƭ ƴƻǘ ōŜ ƧǳŘƎŜŘ ŀ ǎǳŎŎŜǎǎ Ʌ ǘƘŜ ΨŘŜǎƛǊŀōƭŜΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ  

¶ ǘƘŜ ΨŀŘŘƛǘƛƻƴŀƭΩ changes which CAELUS can potentially justify on a cost/benefit and thus Value 

for Money basis  

¶ ǘƘŜ ΨƻǇǘƛƻƴŀƭΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨǇƻǎǎƛōƭŜΩ ŎƘŀƴƎŜǎ ǿƘƛŎƘ /!9[¦{ 

can potentially justify on a marginal low cost and affordability basis. 

Identifying the above will help to avoid scope creep during the options appraisal stage of CAELUS. This 

is summarised in Table 18.37 

Table 18: Business scope and key service requirements Ayrshire and Arran 

Range Core Desirable Optional 

 
¢ƘŜ ΨŜǎǎŜƴǘƛŀƭΩ ŎƘŀƴƎŜǎ 

without which CAELUS will not 
be judged a success 

¢ƘŜ ΨŀŘŘƛǘƛƻƴŀƭΩ ŎƘŀƴƎŜǎ 
which 

CAELUS can potentially 
justify on a cost/benefit and 
thus Value for Money basis 

¢ƘŜ ΨǇƻǎǎƛōƭŜΩ ŎƘŀƴƎŜǎ ǿƘƛŎƘ 

CAELUS can potentially 
justify on a marginal low 

cost and affordability basis. 

Potential scope 

¶ Transportation of 
blood products and 
urgent lab samples 
between Crosshouse 
and Arran (regular and 
after-hours) 
 

¶ Transportation of 
blood products and 
urgent lab samples 
between Crosshouse 
and Ayr (after-hours 
only) 

¶ Collaboration with 

transport providers to 

enhance reliability 
 

¶ Development of 

contingency plans 

for ferry service 

disruptions 

¶ Assessment of the 
feasibility of 
preparing lab 
samples to be sent 
ahead of air 
ambulance 
transports 

Key service requirements 

¶ Drone services for 
blood product and 
urgent lab sample 
transportation 

¶ Data analysis and 
collaboration with 
transport providers 
 

¶ Contingency planning 
and feasibility 
assessment for 
alternative transport 
methods 

 

 

4.1.4 Determine benefits, risks, constraints and dependencies  

4.1.4.1 Identifying the main benefits 

To identify the main benefits to be used in the economic appraisal for the selected use cases, input 

from key stakeholders such as the relevant clinical leads was sought via a workshop (22nd January 

2024) and follow-up correspondence. The HM Treasury guidance suggests the approach to benefits 

ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ǎƘƻǳƭŘ ōŜ άǇǊǳŘŜƴǘΣ ǇǊƻǇƻǊǘƛƻƴŀǘŜ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜέ. Table 19 

 
37 In the Options Framework, the explored options (detailed further in this section and the other business cases) are tailored 

specifically to the core and desirable service requirements. 
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provides a summary of the main benefits captured in the preliminary benefits register for CAELUS. 

The appraisal of these benefits is detailed in section 5.1.2. 

Table 19: NHS Ayrshire and Arran: Identifying the main benefits for blood product 

Benefit 

theme 
Example 

Benefit Classification 

Cash releasing (CRB) / 

 Non-cash releasing (non- 

CRB) / Quantifiable (QB) /  

Qualitative (Qual) 

Operational 

Reduced waste of blood products 

 

Percentage of total number of blood products saved 

Cost of blood 

(CRB) /  

(QB) 

Less wasted lab material cost associated with making the 

blood product in UHC  

 

Number of blood products saved 

Cost of testing 

(CRB) /  

(QB) 

Less wasted labour associated with making the blood 

product 

 

Number of blood products saved, 

Duration of testing x band salary 

(non-CRB) /  

(QB) 

Less wasted labour associated with administering the 

blood product 

Number of blood products saved, 

Duration of administrating x band salary 

 

(non-CRB) /  

(QB) 

Social 

Inconvenience for patients 

(SMART: 

 

(Number of patients which turn up to the hospital, waiting to 

get treatment, however unable to get the treatment as there is 

no blood product.  

Average length of travel for patients 

Average cost per mile of travel 

Average time of the entire trip) 

(non- CRB)  

/ (QB) 

Inconvenience for staff Qualitative (Qual) 

Anxiety for patients 

 

(SMART:  

Number of patients that are travelling to the hospital to 

receive the blood product, Likert scale) 

(non- CRB)  

/ (QB) 

Economic 

Reduction in road use congestion 

 

(SMART: change average travel time) 

(non- CRB)  

/ (QB) 

Environment 

Reduced air pollution 

 

(SMART: Reduction in air pollutant) 

(non- CRB)  

/ (QB) 

 

  



CAELUS 

Business Case 

80 

 

Table 20: NHS Ayrshire and Arran: Identifying the main benefits for urgent lab samples 

Benefit 

theme 
Example 

Benefit Classification 

Cash releasing (CRB) / 

 Non-cash releasing (non- 

CRB) / Quantifiable (QB) /  

Qualitative (Qual) 

Operational 

Reduced cost from earlier discharged from overnight 

stays 

 

(SMART:  Change in quantity and duration of patients 

staying overnight in hospital) 

(non-CRB) /  

(QB) 

Health 

Increased patient volume (based on if there are patients 

staying overnight) 

 

(SMART: change in the number of patients) 

(non- CRB)  

/ (QB) 

Improved patient outcome due to more timely 

appropriate treatment.38 

 

Reduction in morbidities 

 

(Via Reduction in (ñinappropriateò) medicine use)39 

 

(SMART: Number of delays and subsequent number 

ñinappropriateò treatments, number of health risks 

associated with delayed blood culture results) 

 

(non- CRB)  

/ (QB) 

Reduction in mortality  

 

(Via Reduction in (ñinappropriateò) medicine use)40 

 

(SMART:  Number of delays and subsequent number 

ñinappropriateò treatments, number of deaths associated 

with delayed blood culture results 

(non- CRB)  

/ (QB) 

Economic 

Reduction in road use congestion 

 

(SMART change average travel time) 

(non- CRB)  

/ (QB) 

Environment 

Reduced air pollution 

 

(SMART: Reduction in air pollution) 

(non- CRB)  

/ (QB) 

 

 

  

 
38 J. Barenfanger, C. Drake, & G. Kacich, "Clinical and Financial Benefits of Rapid Bacterial Identification and Antimicrobial 
Susceptibility Testing," Journal of Clinical Microbiology 37, no. 5 (1999). doi:10.1128/jcm.37.5.1415-1418.1999. 
This article has been cited over 400 times and highlights that a 5-hour decrease in average turnaround time led to a reduction 

in hospital length of stay from 12.7 to 10.6 days and a decrease in mortality rate from 9.6% to 7.9%. 
39 Public Health England [PHE]. (2019, September 05). Investigation of blood cultures (for organisms other than Mycobacterium 

species) [B 37]. Retrieved from https://www.gov.uk/government/publications/investigation-of-blood-cultures-for-organisms-

other-than-mycobacterium-species-bacteriology-b-37 [-], p41 
40 Public Health England [PHE]. (2019, September 05). Investigation of blood cultures (for organisms other than Mycobacterium 

species) [B 37]. Retrieved from https://www.gov.uk/government/publications/investigation-of-blood-cultures-for-organisms-

other-than-mycobacterium-species-bacteriology-b-37 [-], p41 



CAELUS 

Business Case 

81 

 

4.1.4.2 Identify the main risks, constraints and dependencies 

For more information on identifying the main risks, please refer to Section 2.1.4.2. 

For more information related to identifying the constraints please refer to Section 2.1.4.3. 

For more information identifying the dependencies please refer to Section 2.1.4.4. 

 

4.2 Exploring the preferred way forward  
For more information related to exploring the preferred way forward please refer to section 0.  

4.2.1 Agree critical success factors for the project  
For more information related to agreeing the critical success factors (CSFs) please refer to section 

2.2.1 which also covers the following steps: 

¶ Determining initial long-list options. 

¶ NHS Workshop. 

¶ Project Scope Filter.  

¶ Multi-Criteria Decision Analysis (MCDA). 

¶ Agreeing the second set of CSFs. 

¶ Further shortlisting. 

¶ Identify potential ΨǎŎƻǇŜǎΩ ŦƻǊ ǘƘŜ ǎŜƭŜŎǘŜŘ ǳǎŜ ŎŀǎŜǎ. 
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4.2.2 Determine the long-list options  
For more information related to the long-list of options which have been along with a high level 

SWOT analysis to identify the selected options, please refer to section 2.2.2.



CAELUS 

Business Case 

83 

 

4.2.2.1 Options Framework 
Table 21: Options Framework | Service Scope | Blood products and lab samples: Ayrshire & Arran 

BAU  

Current services 

Do Minimum 

The core requirements 

Intermediate Option A 

Core and desirable 

The current process for transporting blood culture and urgent laboratory samples from 

Arran War Memorial Hospital (AWMH) to University Hospital Crosshouse (UHC) 

involves a combination of taxis, vans, and a ferry. The transportation frequency is 

contingent upon taxi data, with potential consideration for vans in specific situations 

to be confirmed later. However, the process faces challenges, including restrictions 

imposed by the ferry schedule and significant gapsτsometimes up to 13 hours 

overnightτbetween scheduled ferry services. 

Issues encompass limited schedules, service unreliability due to weather and transport 

mechanical problems, and extended transit times that negatively impact the pre-

analytical phase of the blood culture pathway. Reliability concerns persist with ferry 

services, and there is little expectation of improvement in the near future. Notably, 

when air ambulances are utilised for patient transport, laboratory samples are 

typically taken after arrival at the destination, limiting the extent of preparation 

beforehand. 

The transportation routes involve a combination of taxis, vans, and ferry for AWMH 

to/from UHC, with approximately 20 trips per month and 250 trips per year for AWMH-

Crosshouse. Similarly, for University Hospital Ayr to/from UHC, a combination of taxis 

and vans is employed, with around 196 trips per month and 2350 trips per year, 

accounting for both in and out of hours. 

Challenges include the limited ferry schedules, unreliability tied to weather conditions 

and transportation issues, and the risk of sample non-delivery during ferry service 

disruptions. Additionally, the prolonged transit times have adverse effects on the 

blood culture pathway's pre-analytical phase. To address these challenges, potential 

solutions may involve exploring alternatives, such as the use of vans, optimising 

scheduling based on taxi data, collaborating with transport providers to enhance 

reliability, developing contingency plans for ferry service disruptions, and assessing the 

feasibility of preparing lab samples in advance for air ambulance transports. 

The proposed Do Minimum option involves the improvement of point-

of-care diagnostics at Arran War Memorial Hospital (AWMH) as a 

strategic measure to alleviate the necessity of transporting a 

substantial number of samples to Crosshouse. This approach requires 

the acquisition and installation of additional diagnostic equipment and, 

crucially, comprehensive training for staff members. 

The key objectives of this option include expanding the range of point-

of-care diagnostics at AWMH, enabling the hospital to conduct a 

broader array of tests onsite. The primary aim is to reduce the overall 

volume of samples that would otherwise need to be transported to 

Crosshouse for analysis. Furthermore, the option emphasises the 

enhancement of connectivity for point-of-care diagnostics, ensuring 

that results can be promptly accessed by Crosshouse. This improved 

connectivity facilitates a seamless and timely exchange of diagnostic 

information between AWMH and Crosshouse, optimising the efficiency 

of the diagnostic process. 

It is important to note, however, that this option takes into account the 

limitations of point-of-care diagnostics, as not all tests may have a 

corresponding Point of Care option available. Consequently, certain 

tests may still necessitate transportation to Crosshouse for analysis. 

 

  

Provide drone services for the transportation of blood 

products and urgent lab samples between Crosshouse 

and Arran (available in both regular and after-hours) 

and between Crosshouse and Ayr (available only after 

hours). The specific payloads include blood products 

(from Crosshouse to AWMH), blood samples requiring 

cross-matching (to Crosshouse), clinically urgent lab 

samples (to Crosshouse), and lab samples requiring 

testing for labile (unstable) analytes (to Crosshouse, 

with a focus on short timeframes). Note that routine 

samples within hours from Ayr to Crosshouse are not 

included in this service. 

Carried forward Discounted Preferred way forward 
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4.2.2.2 Drafting the short-list 

 

Summarised in Section 2.2.2.3, this section identifies the preferred way forward for selected use cases 

in terms of scope, solution, service delivery, implementation, and funding. It emphasises that the 

preferred way forward is determined through the appraisal of shortlisted options. The three 

shortlisted options include Business As Usual (BAU), 'do minimum,' and 'recommended'. The 

shortlisted options are described, and their strengths, weaknesses, opportunities, and threats are 

assessed, providing a comprehensive overview for further appraisal. 

The "do minimum" option, which involved point of care (POC) testing, was ruled out for several 

reasons: 

¶ Limited Availability of POC Tests: Many of the necessary tests for blood product related lab 

samples are not available in POC modality. This means that even with POC testing, samples 

would still need to be transported for a significant portion of the required analyses. 

¶ Inequity in Service Provision: POC testing would not solve the existing problem of unequal 

service provision for patients on the island of Arran. Samples taken outside of ferry operating 

hours would still face delays, creating an unequal service compared to those on the mainland. 

¶ Ferry Schedule Limitations: The ferry service between Arran and the mainland is scheduled 

and seasonal, with varying departure times. POC testing would not address the delays caused 

by the ferry schedule, especially for samples taken outside of ferry operating hours. 

¶ Emergency Situations: In emergency situations, POC testing would not be sufficient for all the 

required analyses. An air ambulance would still be necessary for transporting samples, which 

is not a sustainable or cost-effective solution. 

¶ Current Activity Paused: The existing activity of transporting samples is already paused 

outside of ferry times. POC testing would not change this situation, as samples would still need 

to be transported during ferry operating hours. 

Therefore, while POC testing might seem like a simple solution, it was decided in the workshop with 

NHS Ayrshire and Arran that this option does not address the core issues of limited test availability, 

unequal service provision, ferry schedule limitations, and emergency situations. A more 

comprehensive solution is needed to ensure timely and equitable access to blood product related lab 

testing for all patients. 

Table 22: Short List | Options assessment | Blood products and lab samples: Ayrshire & Arran 

 BAU Do minimum Intermediate 

Spending objectives 

Effectiveness    

Re-procurement    

Critical success factors 

Organisational support    

Transferability    

Potential opportunity    

Summarised Possible Discounted Preferred 
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 Figure 24: NHS Ayrshire and Arran: Preferred Way Forward | BAU vs. Intervention route 

 . 

5 Blood products and urgent laboratory samples in NHS Ayrshire & 

Arran: Planning the scheme and preparing the Outline Business 

Case (OBC)  

5.1 Determining potential Value for Money (VfM)  

5.1.1 Prepare the economic appraisals for shortlisted options 
The  cost modelling used in the economic appraisal follows the methodology outlined in section 

3.1.1 

5.1.2 Undertake benefits appraisal  
 

Following an analysis of the challenges inherent in the current medical equipment transportation 

arrangements, this business case outlines the spending objectives that the proposed drone solution 

aims to achieve in addressing these issues. The preferred option, selected to alleviate these 

concerns, was finalised after comprehensive evaluation. The benefits associated with this solution 

were identified and validated during a workshop held on Monday, 22nd January 2024. 41 These 

 
41 Amarvir Singh-Bal ï Economist ï Connected Places Catapult, Andrew Coyle ï NHS Economist - AA Transformation & 

Sustainability, Brian Renwick ï Project Manager - NHS Borders, Claire Nicholl ï Project Manager - NHS Grampian, Edward 

James ï Clinical Lead - NHS Borders, Hasel Dempsey ï Innovation Program Lead - NHS Grampian, Jamie Hogg ï Clinical 

Lead - NHS Grampian; Janet Hogg ï Clinical Lead - NHS Ayrshire & Arran, Karen Bell - Innovation Program Lead - NHS 

Grampian; , Moray Baylis ï NHS Economist - AA Transformation & Sustainability, Rasheeq Syed - Industry Collaboration 
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benefits, specific to the use case scenarios, have been succinctly summarised in the accompanying 

logic model identified in Figure 25. 

 
Project Manager - West of Scotland Innovation Hub, Rory Maguire ï Project Manager ï NHS Borders, Thomas Levermore ï 

Technical Lead ï Connected Places Catapult 
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Figure 25: Logic Model: NHS Ayrshire and Arran 
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This section provides a benefits appraisal for the two scenarios: "Business as Usual" and the 

"Preferred Way Forward" with respect to NHS Ayrshire and Arran's use case of blood products and 

laboratory samples. 

The primary objective is to identify the main benefits, and where possible, to measure them so they 

can be converted into monetary terms, while avoiding the inclusion of benefits that lack a robust 

evidence base for measurement, assessment, or evaluation. 

Efforts have been made to measure all potential benefits. However, when evidence is lacking or the 

cost of research isn't justified by the benefit's size, the benefits may be described qualitatively. Even 

then, it is still important to estimate the likely size of these benefits. 

For benefits that are qualitative or non-monetised yet crucial for decision-making, a separate 

evaluation is conducted to determine if the cost is justified by the added value. This analysis helps in 

shaping alternative options and facilitates a comprehensive appraisal of different scenarios. 

The appraisal process is supported by a rigorous review of the best available evidence, often relying 

on evaluations of similar past interventions, which serve as a crucial evidence source. The details of 

both quantifiable (non-monetised) and qualitative benefits are documented in the Benefits Register 

and are detailed in Table 19 and   
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Table 20. 

The summary of the benefits for this health board has been summarised in Figure 26 and Figure 27. 

Figure 26: Benefits | NHS Ayrshire and Arran, Blood products42 

 

 
Figure 27: Benefits | NHS Ayrshire and Arran, urgent lab samples43 

 

 

 
42 The pie chart (right) displays the unadjusted benefits for 2024, excluding STPR, inflation, and population projections. This 

visualization aims to provide the reviewer with an overview of the various benefits contributing to the Value for Money (VfM) 

cost-benefit ratio (CBR). 
43 The pie chart (right) displays the unadjusted benefits for 2024, excluding STPR, inflation, and population projections. This 

visualization aims to provide the reviewer with an overview of the various benefits contributing to the Value for Money (VfM) 

cost-benefit ratio (CBR). 
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5.1.2.1 Blood products: Operational Benefits 

In the economic case analysis for CAELUS regarding NHS Ayrshire and !ǊǊŀƴΩǎ ōƭƻƻŘ ǇǊƻŘǳŎǘǎΣ ǘƘŜ 

benefits of using drone technology for transporting blood products were quantified and 

subsequently contributed to calculating the Cost-Benefit Ratio. This calculation forms a part of the 

Value for Money assessment. Here is a detailed breakdown of how these benefits were monetised: 

1. Reduction in Blood Product Waste: The financial benefit is calculated by multiplying the 

number of blood units transported by drones that are no longer wasted44 with the unit cost 

of each blood product45,46. This reflects the savings from decreased wastage due to improved 

transportation efficiency. 

2. Savings on Laboratory Materials: Savings are computed by multiplying the number of blood 

products saved47τthanks to more efficient transportτby the cost of laboratory materials 

used per blood product.48 This represents the cost reduction in materials needed for 

producing the blood products at University Hospital Crosshouse.49 

3. Labour Savings in Production: The savings in labour costs at the production stage in 

University Hospital Crosshouse are calculated by multiplying the number of blood products 

saved50 by the time taken for testing each unit51 and the salary cost per hour of the 

laboratory staff (based on their pay band).52 

4. Labour Savings in Administration: At the administration point in Arran War Memorial 

Hospital, the calculation involves multiplying the number of blood products saved53 by the 

time required to administer each unit54 and the hourly salary of the administering nurse 

(again, based on their pay band).55 

 
44 NHS Ayrshire and Arran 
45 NHS Ayrshire and Arran 
46 In step one, the ñcost of bloodò refers to the cost of extracting the blood. This includes the cost of the patient's time. Other 

examples include: The cost of medical personnel, such as nurses or phlebotomists, who perform the blood draw; The cost of 

the medical supplies used in the extraction process, such as needles, collection tubes, and antiseptic wipes; Administrative 

costs, such as scheduling appointments and maintaining patient records; and Facility costs, including the use of space and 

equipment in the healthcare setting. 
47 NHS Ayrshire and Arran 
48 R130, "Expenditure and Activity - Laboratory Services," XLSM, 17.9KB, accessed [February 2024], 

https://publichealthscotland.scot/publications/scottish-health-service-costs/scottish-health-service-costs-costsbook-2020-april-

2019-to-march-2020/files-listing-2019-to-2020/. 

49 In step two, the ñSavings on Laboratory Materialsò refers to the cost associated with transforming the blood from being 
extracted from the patient and changing it into a blood product. The costs associated with this include: The cost of reagents and 
chemicals used in processing and testing the blood; Expenses related to the operation and maintenance of laboratory 
equipment; Labour costs for laboratory technicians who process and analyse the blood samples; Costs for quality control 
measures to ensure the blood products meet safety and efficacy standards; and Packaging and storage expenses for the blood 
products before they are distributed for use. 

50 NHS Ayrshire and Arran 
51 "Each group and antibody screen takes 40 minutes ï however, they are run in batches," Plymouth Hospitals NHS Trust, 

accessed [February, 2024], https://www.plymouthhospitals.nhs.uk/blood-bank/. 
52 Band 3 (£23,914 - £25,808)," NHS Scotland Jobs, accessed [February, 2024], 

https://apply.jobs.scot.nhs.uk/Job/JobDetail?jobid=136249&source=JobtrainRss. 
53 NHS Ayrshire and Arran 
54 Table S6: average of 37.2 and 41.1 mins," ct. University of Oxford, accessed [February 2024], 

https://ora.ox.ac.uk/objects/uuid:ac878ad4-a00d-425d-ae57-

c94658a06f36/files/m890bea50ebb974263a2c3417add86767#page=30. 
55 NHS Ayrshire and Arran Staff Nurse Salaries in Glasgow," Glassdoor, accessed [February 2024], 

https://www.glassdoor.co.uk/Salary/NHS-Ayrshire-and-Arran-Staff-Nurse-Glasgow-Salaries-

EJI_IE698057.0,22_KO23,34_IL.35,42_IM1145.htm. 
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Figure 28 : Logic Chain | Ayrshire and Arran | Blood products | Operational Benefits 

 

5.1.2.2 Blood products: Social Benefits 
Figure 29: Logic Chain | Ayrshire and Arran | Blood Products | Social Benefits 

 

 

Blood products: Social Benefits | Time saved 

The process of monetising and calculating the social benefits arising from the use of drones, as 

opposed to taxis and ferries, for transporting blood products has been applied to quantify the 

reduction in inconvenience experienced by patients when blood products are not available. This 

calculation involves several steps: 

1. Identification of Affected Patients: First, the number of patients who attended the hospital 

but did not receive any blood products due to delays associated with ferry timings were 

calculated.56 

 
56 NHS Ayrshire & Arran 
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2. Estimation of Avoided Journeys: For patients who were turned away because blood 

products were not available, the total distance they would have travelled were calculated. 

This is done by multiplying the average distance a patient travels to the hospital57 by the 

number of patients turned away and then by the cost of fuel.58 This reflects the cost savings 

from avoided unnecessary journeys. Within the modelling, resource costs were used. 

3. Valuation of Time Saved: The value of time saved by patients is estimated by multiplying the 

economic value of time,59 as recommended by the Scottish Transport Appraisal Guidance, by 

the total time typically spent by a patient traveling to and from the hospital.60 

Blood products: Social Benefits | Reduced inconvenience 

The calculation of the social benefits derived from reducing patient anxiety and stress through the 

use of drones (as opposed to taxis) for transporting blood products is one component of the Cost-

.ŜƴŜŦƛǘ wŀǘƛƻ ƛƴ ǘƘŜ ±ŀƭǳŜ ŦƻǊ aƻƴŜȅ ŀǎǎŜǎǎƳŜƴǘ ŦƻǊ bI{ !ȅǊǎƘƛǊŜ ŀƴŘ !ǊǊŀƴΩǎ /!9[¦{ ǇǊƻƧŜŎǘΦ ¢Ƙƛǎ 

calculation involves several steps: 

1. Identification of Impacted Patients: The number of patients were first determined as those 

who attended the hospital but were not provided with any blood products.61 

2. Assessment of Reduced Inconvenience: During a workshop facilitated by Connected Places 

Catapult with the NHS health board, participants were asked, άOn a scale from 0 to 5, how 

much less inconvenience would an average person experience if their blood product had 

ŀǊǊƛǾŜŘ ƻƴ ǘƛƳŜΣ ŜƭƛƳƛƴŀǘƛƴƎ ǘƘŜ ƴŜŜŘ ŦƻǊ ŀƴ ŜȄǘǊŀ ǘǊƛǇΚέ ¢ƘŜ ǊŜǎǇƻƴǎŜǎ ǇǊƻǾƛŘŜŘ ŀ ŎŀǊŘƛƴŀƭ 

value representing the reduction in inconvenience. 

3. Monetisation of Reduced Inconvenience:  

1. Identifying Relevant Social Value Metric: From the Housing AǎǎƻŎƛŀǘƛƻƴǎΩ /ƘŀǊƛǘŀōƭŜ 

¢ǊǳǎǘΩǎ όHACT) Social Value Bank, the closest related variable identified was 

άI9!мплс ς CŜŜƭ ƛƴ ŎƻƴǘǊƻƭ ƻŦ ƭƛŦŜΦέ  

2. Calculating Weighted Average Income: The average income across the UK was 

found,62 and a weighted average was then calculated using population estimates 

from East Ayrshire, North Ayrshire, and South Ayrshire.63 This figure was adjusted to 

reflect the UK average income.  

3. Adjusting for Deadweight: A deadweight loss of 27% was applied, as recommended 

ōȅ I!/¢Ωǎ {ƻŎƛŀƭ ±ŀƭǳŜ .ŀƴƪΦ 

4. Calculation of Total Monetary Benefit: The monetary value derived from the reduced 

inconvenience (outlined in step 3) was multiplied by the number of patients who attended 

but did not receive any blood products. This final figure represents the total monetary 

benefit attributed to the reduced anxiety and stress of patients. 

 
57 ArcGIS was used to identify the point of origin with the highest housing density, with Arran War Memorial serving as the 

destination. 
58 Scottish Transport Appraisal Guidance, Appendix 9.13 
59 Scottish Transport Appraisal Guidance, Appendix 9.3 
60 ArcGIS was used to identify the point of origin with the highest housing density, with Arran War Memorial serving as the 

destination. 
61 NHS Ayrshire and Arran 
62 Annual Survey of Hours and Earnings (ASHE)," Office for National Statistics, accessed [February, 2024], 

https://www.ons.gov.uk/surveys/informationforbusinesses/businesssurveys/annualsurveyofhoursandearningsashe. 
63 "Population Estimates/Projections", Nomis Official Labour Market Statistics, accessed [February, 2024], 

https://www.nomisweb.co.uk/sources/pest. 
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The method for calculating the social benefits derived from patients using public transport, as 

opposed to private transport, to access blood products at NHS Ayrshire and Arran is structured to 

reflect the unique costs and inconveniences associated with different modes of transportation. This 

calculation is vital for the Cost-Benefit Ratio and Value for Money assessment within the CAELUS 

Economic Case. The following steps outline how these benefits were quantified: 

1. Transportation Costs for Patients: Instead of calculating fuel costs for private vehicles, the 

expense considered here is the cost of a return bus journey. This represents the direct out-

of-pocket expense for patients using public transport to reach the clinic.64 

2. Value of Time Spent Travelling: The calculation of time value is tailored to public transport 

ǳǎŜǊǎΦ Lǘ ƛƴǾƻƭǾŜǎ ŜǎǘƛƳŀǘƛƴƎ ǘƘŜ ŘǳǊŀǘƛƻƴ ŀ ōǳǎ ǘŀƪŜǎ ǘƻ ǘǊŀǾŜƭ ŦǊƻƳ ŀƴ ŀǾŜǊŀƎŜ ǇŀǘƛŜƴǘΩǎ 

home to Arran War Memorial and back. The monetary value assigned to this time is specific 

to public transport users65, reflecting potentially longer journey times and less frequent 

services compared to private transport. 

3. Reduced Anxiety and Stress: It is acknowledged that the level of anxiety and stress is higher 

for public transport users. This is due to factors such as reduced personal control over travel 

timing and conditions. This increased anxiety and stress are quantified by assessing the 

impact of these factors on the overall well-being of the patients. Whilst the anxiety and 

stress associated with a patient using private transport is done by applying 1/5 cardinal 

increment to the monetary social value amount, a slightly greater cardinal increment of 2/5 

is applied to users of public transport 

 

 

 

5.1.2.3 Lab Samples: Operational Benefits 
Figure 30: Logic Chain | Ayrshire and Arran | Lab Samples | Operational Benefits 

 

To calculate the cost savings for NHS Ayrshire and Arran from using drones rather than taxis to 

transport laboratory samples, the focus is on the financial benefits associated with earlier patient 

discharges. This forms a component of the Cost-Benefit Ratio in the Value for Money assessment for 

the CAELUS Economic Case. Here is an explanation of how these cost savings are calculated: 

 

1. Determination of Eligible In-Patients: Identify the proportion of in-patients who, upon 

receiving a negative lab result, are discharged earlier than scheduled.66 

 

2. Calculation of Average Overnight Stays Saved: Multiply the number of these patients by the 

average number of nights they would otherwise spend in hospital. This step quantifies the 

 
64 NHS Ayrshire and Arran 
65 Scottish Transport Appraisal Guidance, Appendix 9.3 
66 NHS Ayrshire and Arran 
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reduction in unnecessary overnight stays.67 

 

3. Cost Per Night: Calculate the cost per night for a patient staying in the hospital. This includes 

the direct costs associated with extended hospital stays that could have been avoided if the 

lab results had been received sooner.68 

 

By combining these steps, the total cost savings are determined by calculating the total number of 

nights saved across all relevant patients and multiplying this by the cost per night. This total 

represents the economic benefit of using drones for the rapid delivery of lab samples, directly 

ƛƳǇŀŎǘƛƴƎ ǘƘŜ ƘƻǎǇƛǘŀƭΩǎ ƻǇŜǊŀǘƛƻƴŀƭ Ŏƻǎǘǎ ŀƴŘ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ƻǾŜǊŀƭƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǇŀǘƛŜƴǘ ŎŀǊŜ 

management.  

 

5.1.2.4 Lab Samples: Health Benefits 
Figure 31: Logic Chain | Ayrshire and Arran | Lab Samples | Health Benefits 1 

 

To effectively calculate the health benefits for NHS Ayrshire and Arran resulting from the use of 

drones to transport laboratory samplesτas opposed to traditional taxi servicesτthe methodology 

below was employed to assess the impact of faster test results on hospital operations and patient 

health: 

1. Determination of Eligible In-Patients: First, the proportion of in-patients were identified 

who are discharged earlier than initially scheduled due to receiving a negative lab result 

more promptly. 

2. Calculation of Average Overnight Stays Saved: This involves multiplying the number of 

patients discharged early by the average number of nights they would otherwise spend in 

hospital. This quantifies the reduction in unnecessary hospital stays, freeing up beds for 

other patients. 

3. OutcomeτIncreased In-Patient Bed Availability: The result from the earlier calculation 

shows the number of beds made available earlier for the wider patient population, which is 

crucial in periods of high demand. 

4. Valuing the Health Benefits:  

1. Health and Well-Being Impact Assessment: During a workshop with the NHS health 

board, facilitated by Connected Places Catapult, participants rated, on a scale from 1 

to 5, the potential improvement in a patientΩs health and well-being from reduced 

waiting times for hospital admission. The average of these ratings provided a 

cardinal value representing the marginal improvement in health outcomes.  

 
67 "Length of Hospital Stay," OECD, accessed [February, 2024], https://data.oecd.org/healthcare/length-of-hospital-stay.htm. 
68 ñR100: Executive Summaryò for NHS Ayrshire & Arran, Scottish Health Service Costs 
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2. Monetisation of Health Benefits: The Willingness To Pay (WTP) for an increment in 

Quality Adjusted Life Years (QALY) was sourced and then divided by 5 to match the 

scale used in the assessment, providing a monetary value for each point on the 

scale. 69 

3. Application of Deadweight Loss: A deadweight adjustment was applied to the WTP 

value to account for factors such as alternative health interventions and natural 

patient recovery that might occur without the additional in-patient bed availability.70 

5. Total Health Benefit Calculation: The adjusted monetary value from step 3 was then 

multiplied by the number of patients who benefited from earlier hospital admission due to 

bed availability. This gives the total monetary health benefit derived from the use of drones 

for sample transport. 

 

Figure 32: Logic Chain | Ayrshire and Arran | Lab Samples | Health Benefits 2 

 

 

The following methodology was used to calculate the reduction in mortalities and morbidities using 

the specific example of blood cultures as the laboratory sample being transported. This was based 

on the clear mechanism between sample transport time and patient outcome outlined in Public 

Health England guidelines for blood cultures 71. It should be noted that robust evidence was not 

available to support the estimates used in these calculations. The methodology provides a solid 

foundation for future developments, further work is needed in future business cases on gathering 

data to support estimates. 

1) Identification of Affected Patients: 

¶ Initially, an estimated was produced of the number of patients who received 

inappropriate treatment due to delays in receiving lab results, specifically caused by 

ferry transport issues. 

  

2) Categorisation of Treatment Outcomes: 

¶ First Tranche ς Mortality Risks: The subset of patients at risk were identified of 

those who had irreversible infections due to delayed treatment. Reducing this risk 

contributes to a reduction in mortality rates. 

¶ Second Tranche ς Morbidity Risks: The subset of patients whose clinical condition 

was stable but deteriorated due to the extended period of inappropriate treatment 

 
69 Green Book 2022, A1.64," p. 87, HM Treasury, accessed [February, 2024], 

https://assets.publishing.service.gov.uk/media/623d99f5e90e075f14254676/Green_Book_2022.pdf. 
70 Green Book 2022, A1.64," p. 121, HM Treasury, accessed [February, 2024], 

https://assets.publishing.service.gov.uk/media/623d99f5e90e075f14254676/Green_Book_2022.pdf. 
71 òUK Standards for Microbiology Investigations - Bacteriology | B 37 | Issue no: 8.2ò, page 40. Public Health England, 2019. 
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were identified. Mitigating this risk leads to a reduction in morbidity rates. 

 

3) Calculation of Reduced Mortalities: 

¶ Calculate the proportion of patients at risk of irreversible infections from the first 

tranche. 

¶ Multiply this proportion by the Value of a Prevented Fatality (VPF)72 and adjust using 

a Health Discount Rate73 to convert future health benefits to their present value. 

 

4) Calculation of Reduced Morbidities: 

¶ Determine the proportion of patients from the second tranche whose conditions 

deteriorated. 

¶ Multiply this proportion by the monetised value associated with the net output of a 

serious casualty.74 This value represents the cost savings from preventing serious 

health deteriorations. 

  

 
72 "Statistical life years (estimated increase or extension of a person's life expectancy resulting from a particular intervention or 

policy)," Green Book 2022, p. 85, accessed [February, 2024], 

https://assets.publishing.service.gov.uk/media/623d99f5e90e075f14254676/Green_Book_2022.pdf. 
73 "Health Discount Rates," Green Book 2022, Table 7, p. 121, accessed [February, 2024], 

https://assets.publishing.service.gov.uk/media/623d99f5e90e075f14254676/Green_Book_2022.pdf. 
74 Transport Appraisal Guidance: Unit 3.4.1," Table 1, [Department for Transport], accessed [February, 2024] 
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5.1.2.5 Lab Samples: Economic Benefits 
Figure 33: Logic Chain | Ayrshire and Arran | Lab Samples | Economic Benefits 

To determine how the economic benefits were quantified for the use of drones instead of taxis for 

transporting laboratory samples within the CAELUS Economic Case for NHS Ayrshire and Arran, one 

can focus on the reduction in taxi usage and the associated decrease in road congestion. This 

analysis contributes significantly to the Cost-Benefit Ratio used in the Value for Money assessment. 

The following steps were taken to monetise these benefits: 

1. Estimation of Reduced Taxi Journeys: 

¶ Calculate the total number of taxi journeys that would typically be required per year 

to transport laboratory samples. 

¶ Multiply this figure by the average number of kilometres each taxi would travel. This 

step quantifies the total reduction in road use resulting from switching to drone 

transport. 

2. Calculation of Congestion Cost Savings: 

¶ The total kilometres saved from the reduced taxi journeys are then multiplied by the 

Marginal External Congestion Costs. These costs are specific to working hours, 

reflecting the peak times when road use is highest, and the impact of congestion is 

most significant. 75 

These calculations provide a monetary value for the reduction in congestion and road wear, offering 

a direct transport, related economic benefit from using drones. This benefit is critical in evaluating 

the overall efficiency and cost-effectiveness of the drone transportation system compared to 

traditional taxi-based transport methods. 

5.1.2.6 Lab Samples: Environmental Benefits 
Figure 34: Logic Chain | Ayrshire and Arran | Lab Samples | Environmental Benefits 

 

To assess the environmental benefits for NHS Ayrshire and Arran from substituting taxis with drones 

for transporting laboratory samples, the following steps were undertaken to monetise the 

environmental benefits: 

1. Estimation of Reduced Taxi Journeys: 

¶ Calculate the Total Number of Taxi Journeys Annually: Identify how many taxi 

journeys would typically be required each year to transport laboratory samples. 

 
75 MECs - time of day, Annual Parameters, TAG 1: Unit 3.13.2 
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¶ Determine Kilometres Saved: Multiply the total number of taxi journeys by the 

average number of kilometres each taxi would travel. This calculation quantifies the 

total reduction in road use and illustrates the scale of environmental impact from 

switching to drone transport. 

2. Calculation of Reduction in Pollution: 

¶ Monetisation of Pollution Reduction: The kilometres saved from reduced taxi 

journeys are then multiplied by established monetary values for emissions of various 

pollutants, specifically Nox (nitrogen oxides),76 PM2.5 (fine particulate matter),77 

PM10 (coarse particulate matter),78 and CO2 (carbon dioxide).79 These values reflect 

the cost to society of these pollutants, which include health costs and environmental 

degradation.80 

This approach not only quantifies the reduction in road usage but also translates the reduction in 

emissions into monetary terms. By doing so, it provides a monetary measure of the environmental 

benefits derived from using drones over taxis, thus supporting the evaluation of the drone delivery 

systemΩs overall economic and environmental benefit. 

5.1.3 Undertake risk appraisal  
As identified in section 3.1.3, risk identification and appraisal should develop as the business case 

develops towards a Full Business Case. For the use case specific appraisals at this stage, the general 

risk assessment methodology and findings was considered. For more information please refer to 

section 3.1.3. 

5.1.4 Select preferred option and undertake sensitivity analysis   
 

A sensitivity analysis was conducted to evaluate the robustness of the preferred optionτdrone 

technology for transporting blood products and laboratory samplesτagainst varying input values and 

different cost/benefit scenarios. This analysis complements the assessment of the business-as-usual 

(BAU) option, which relies on taxis and ferries for transport. Despite efforts to present information 

clearly, some costs, benefits, and risks remain non-quantifiable, necessitating nuanced judgment. 

While higher benefits may not always justify a higher net present social cost particularly where 

uncertainty is high, the final decision on the preferred option lies with key decision makers within the 

health board, informed by expert advice as needed. 

Sensitivity Analysis 

It was decided that a sensitivity analysis is essential to appraise the optionsΩ resilience to future 

uncertainties. The analysis includes two stages: switching values and scenario analysis. Switching 

values identify the thresholds at which the preferred option would become less favourable due to 

changes in uncertain costs or benefits. Scenario analysis examines the options under different future 

scenarios, focusing on technical, economic, or political uncertainties.  

 
76 Transport Appraisal Guidance (TAG), Table A 3.2.1: Damage Cost Values (per tonne) 
77 Transport Appraisal Guidance (TAG), Table A 3.2.1: Damage Cost Values (per tonne) 
78 AQ Emits, Exhaust PM10 Emissions Parameter Values: Petrol Cars (grams per km)," 
79 Specific CO2 Emissions per Tonne," European Environment Agency, accessed [February, 2024], 

https://www.eea.europa.eu/data-and-maps/davis/specific-co2-emissions-per-tonne-2#tab-chart_1. 
80 It's worth noting that electric vehicles may produce some air pollutants through tyre and brake dust. However, since this was 

not expected to be significant, it was excluded from our analyses. 
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The expected Net Present Social Value (NPSV) is calculated for each scenario.81 Variables considered 

include real wage growth, demand based on population projections, drone infrastructure costs, and 

risk values.  

Understanding cost structures further aids in assessing the sensitivity of total costs. Workshops with 

stakeholders across health boards were conducted to finalise the preferred option, ensuring a 

robust, transparent, and informed decision-making process. More detail is contained in section 

3.1.4. 

Table 23: NHS Ayrshire and Arran: Summary of VfM ratings 

Cost  

Scenario 

Benefit  

Scenario 

Average of years between 2024-2032, 

000s82 
VfM 

rating83 
BAU,  

cost 

Drone,  

cost 

Drone, 

benefits 
NPSV 

Cost, upper bound Normal optimistic -£80 -£330 £60 -£340 Poor 

Cost, upper bound Pessimistic benefit -£80 -£330 £50 -£360 Poor 

Cost, lower bound Normal optimistic -£80 -£240 £60 -£250 Poor 

Cost, lower bound Pessimistic benefit  -£80 -£240 £50 -£260 Poor 

Cost, optimistic  Normal optimistic  -£80 -£230 £60 -£240 Poor 

Cost, optimistic  Pessimistic benefit  -£80 -£230 £50 -£250 Poor 

 

 
81 NPSV = Present Value of Benefits ī Present Value of Costs. Unlike the BCR, the NPSV does not measure the likely benefits 

relative to the likely costs. Instead, it measures the total impact on public value of a proposal. It is simply the sum of all benefits 

net of costs. A positive NPSV indicates that there is expected to be an overall gain in public value as a result of the proposal. 

This was calculated by simply summing the benefits of the intervention, less the sum of the costs of the intervention and the 

business as usual option 
82 rounded to the nearest 10 
83 The presented value for money rating is based exclusively on benefits that have been quantified in monetary terms. It is 

acknowledged that a more comprehensive assessment of value for money would also encompass non-monetised and 

qualitative considerations, such as improved patient experience, increased staff morale, and potential long-term health 

outcomes. 
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Figure 35: NHS Ayrshire and Arran: Worst case scenario (cost upper bound, pessimistic benefit scenario) 

 

Figure 36: NHS Ayrshire and Arran: Relatively more optimistic scenario (cost optimistic scenario, normal benefit scenario) 

 

 

5.2 Summary 
 

The analysis presented for this use case shows that while benefits would come from a drone delivery 

service operating solely for blood products and urgent laboratory samples on two routes, the scale 

of the benefits that could be evidenced and quantified at this early stage were low compared to the 

cost of the service. It should be noted that many of the proposed benefits for this service could not 

be evidenced at the time of the analysis and so were not included. It is recommended that future 

work includes data and evidence gathering to support the inclusion and quantification of further 

benefits. 

Also, as noted in section 3.1.5.1, artificially limiting the drone service to only the specific use cases 

allows detailed analysis, it does limit the benefits that can be assigned to the service. By widening 

the analysis to include other use cases that could realistically be served by the modelled service, 

additional benefits could be included which would alter the benefit cost ratio and ultimately the 

value for money assessment. 
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6 Laboratory samples in NHS Borders: Scoping the proposal and 

preparing the Strategic Outline Case (SOC) 
 

6.1 Making the case for change 
The national case for change can be found in section 2.1. The specifics for this use case are outlined 

in the following sections. 

6.1.1 Agree the strategic context2.1 

6.1.1.1 Range of services 

 

 

 

 

The NHS Borders laboratory service supports the healthcare needs of the population in the Scottish 

Borders. The service is primarily based at the Borders General Hospital in Melrose, with satellite 

laboratories in Hawick, Kelso, and Galashiels, ensuring comprehensive coverage and accessibility for 

patients across the region. This section focuses on the laboratory services specific to the Borders 

General Hospital and the Royal Infirmary of Edinburgh, particularly in the context of laboratory 

sample testing. 

Diagnostic and Monitoring Tests 

The laboratory services at Borders General Hospital and Royal Infirmary of Edinburgh offer an 

extensive range of diagnostic and monitoring tests, essential for patient care and clinical decision-

making. These include: 
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¶ Biochemistry: Analysis of blood and body fluids to assess liver and kidney function, blood 

glucose levels, and other metabolic parameters. 

¶ Haematology: Comprehensive blood tests to evaluate blood cell counts, clotting functions, 

and other hematologic parameters. 

¶ Microbiology: Identification and diagnosis of infections caused by bacteria, viruses, fungi, 

and parasites. 

¶ Histopathology: Examination of tissue samples from biopsies and surgeries to diagnose 

conditions like cancer and other pathological diseases. 

¶ Cytology: Evaluation of cell samples from smears and aspirates for the diagnosis of cancers 

and other cellular abnormalities. 

Specialised Laboratory Services 

In addition to routine diagnostic tests, the laboratories provide several specialised services to cater 

to more complex medical needs: 

¶ Genetic Testing: Analysis to detect genetic mutations and predispositions to inherited 

diseases. 

¶ Immunology Testing: Tests to assess immune function and diagnose autoimmune disorders. 

¶ Transfusion Medicine: Services related to the collection, testing, and storage of blood 

products necessary for transfusions. 

Quality Assurance and Accreditation 

The laboratory services at Borders General Hospital and the Royal Infirmary of Edinburgh are 

committed to delivering high-quality, timely, and accurate results. Both facilities are accredited by 

the United Kingdom Accreditation Service (UKAS), ensuring they meet rigorous standards for quality 

and competence. Regular quality assurance audits further ensure the reliability and precision of test 

results, thereby supporting optimal clinical care. 

Collaborative Efforts 

The collaboration between Borders General Hospital and the Royal Infirmary of Edinburgh enhances 

the laboratory servicesΩ capabilities. Samples requiring highly specialised testing are often referred 

to the Royal Infirmary of Edinburgh, leveraging its advanced diagnostic facilities and expertise. This 

collaboration ensures that patients in the Scottish Borders have access to comprehensive and 

specialised laboratory services, facilitating prompt and accurate diagnoses and effective treatment 

plans. 

6.1.1.2 The organisational structure, including staffing and governance arrangements 

The organisational structure, including staffing and governance arrangements is contained appendix 

11.3.1. 

6.1.1.3 The health ōƻŀǊŘǎΩ existing financial position, including funding streams and levels of spend 

The health ōƻŀǊŘΩǎ existing financial position, including funding streams and levels of spend is 

contained in appendix 11.3.24.1.1.3. 

6.1.1.4 Strategic vision 

For information related to tƘŜ ƘŜŀƭǘƘ ōƻŀǊŘΩǎ strategic vision, please see appendix 11.3.3. 
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6.1.2 Determine the spending objectives, existing arrangements and business needs 

6.1.2.1 Determining existing arrangements 

The current system for delivering laboratory samples from Borders General Hospital (BGH) to the 

Royal Infirmary of Edinburgh (RIE) is inefficient and time-consuming. Each morning, an internal 

combustion engine (ICE) van leaves BGH at 10:30 and arrives at RIE at around 15:15, making stops at 

other facilities along the way to collect additional samples. This means that it takes an average of five 

hours for samples to be delivered to RIE. 

The process for delivering samples is also inefficient. Samples are first taken from patients and secured 

in packaging. They are then taken from the wards to the laboratories at BGH.. 

Roughly 30 samples are taken from BGH each morning and dropped off at RIE at roughly 15:15. This 

system is not only slow and inefficient, but it is also environmentally unfriendly, as the van produces 

emissions. 

The business case proposes to use other technology to deliver laboratory samples from BGH to RIE. 

This would significantly reduce the time it takes to deliver samples, improve efficiency, and reduce 

environmental impact. The drones will not cover the intermediate stops. 

 

6.1.2.2 Identifying business needs 

To effectively meet the spending objectives of the health board, and NHS Scotland, it is crucial to 

identify the necessary improvements and changes needed for CAELUS. This section delves into the 

current issues and challenges associated with the existing arrangements and provides a 

comprehensive understanding of the opportunities to bridge any gaps in business operations and 

service delivery. 

Defining the business needs and drivers for CAELUS is essential in determining the potential scope of 

the proposed, while ensuring that it aligns with operational requirements rather than just the 

potential benefits. This analysis takes into account the demand and capacity planning of services, 

encompassing the following aspects: 

Å Confirmed need for existing business operations, supported by evidence 

Å Projections of the nature and level of demand for future services, including the NHS users and 

demographics, and alternative sources of supply 

Table 24: NHS Borders spending objectives 

Spending 
Objectives/Outcomes 

Existing Arrangements/Current 
Situation 

Business Needs, Opportunities, and 
Service Gaps 

 

Laboratory samples transported from NHS Borders 
to Lothian via van service, arriving at Royal Infirmary 
of Edinburgh (RIE) in the mid-afternoon, hindering 

same-day analysis. 

¶ Business Needs: Enable same-day 
analysis for time-sensitive tests, 
enhancing patient care.  

¶ Opportunities: Reevaluate logistics, 
adjust timing of departures, explore 
alternative transportation methods.  

¶ Service Gaps: Lengthy transportation 
time due to distance and multiple 
stops, risk of sample deterioration, 
limited transport options, disruption to 
laboratory schedule, road transport 
challenges. 
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Spending 
Objectives/Outcomes 

Existing Arrangements/Current 
Situation 

Business Needs, Opportunities, and 
Service Gaps 

 

Blood products and lab samples face timeliness 
challenges in transit, involving two land transport 
legs and a ferry. Scheduled ferry services lead to 
restrictions on transport timing with long gaps, 

including a 13-hour overnight gap. 

¶ Business Needs: Ensure timely delivery 
of blood products and lab samples. 
Implement real-time tracking and 
monitoring for transported items. 
Enhance agility in transport request 
processes.  

¶ Opportunities: Address ferry service 
reliability issues, optimise scheduling, 
reduce overnight gaps. Introduce 
tracking devices and temperature 
monitoring/logging. Streamline taxi 
transport request process. 

¶  Service Gaps: Lack of real-time tracking 
and monitoring, complexity in multi-
modal journey, lack of contingency 
plans, delays in transport request 
processes. 

 

 

 

6.1.3 Determine potential business scope and key service requirements 
The potential scope of CAELUS has been identified, in terms of the operational capabilities and service 

changes required to satisfy the identified business needs. 

The discussion related to scope included the range of business functions, areas and operations to be 

affected and the key services required to improve organisational capability on a continuum of need, 

where: 

¶ ǘƘŜ ΨŎƻǊŜΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨŜǎǎŜƴǘƛŀƭΩ ŎƘŀƴƎŜǎ ǿƛǘƘƻǳǘ ǿƘƛŎƘ 

/!9[¦{ ǿƛƭƭ ƴƻǘ ōŜ ƧǳŘƎŜŘ ŀ ǎǳŎŎŜǎǎ Ʌ ǘƘŜ ΨŘŜǎƛǊŀōƭŜΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ  

¶ ǘƘŜ ΨŀŘŘƛǘƛƻƴŀƭΩ changes which CAELUS can potentially justify on a cost/benefit and thus Value 

for Money basis  

¶ ǘƘŜ ΨƻǇǘƛƻƴŀƭΩ ŎƻǾŜǊŀƎŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǊŜǉǳƛǊŜŘ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ΨǇƻǎǎƛōƭŜΩ ŎƘŀƴƎŜǎ ǿƘƛŎƘ /!9[¦{ 

can potentially justify on a marginal low cost and affordability basis. 

Identifying the above will help to avoid scope creep during the options appraisal stage of CAELUS. This 

is summarised in Table 25. 

Table 25: Business scope and key service requirements NHS Borders 

Range Core Desirable Optional 

 

The óessentialô 

changes without which 

CAELUS will not be 

judged a success 

The óadditionalô 

changes which 

CAELUS can 

potentially justify on a 

cost/benefit and thus 

Value for Money basis 

The ópossibleô changes 

which 

CAELUS can 

potentially justify on a 

marginal low cost and 

affordability basis. 

Potential scope Alternative transport 

during tegular business 

hours 

More frequent and 

timely delivery of lab 

samples 

Alternative transport 

methods for lab 

samples and other 

payloads 
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Key service 

requirements 

Drone service for lab 

samples at higher 

frequency| More 

frequent and timely 

transfer of lab samples 

  

 

6.1.4 Determine benefits, risks, constraints and dependencies  

6.1.4.1 Identifying the main benefits 

To identify the main benefits to be used in the economic appraisal for the selected use cases, input 
from key stakeholders such as the relevant clinical leads was sought via a workshop (22nd January 
2024) and follow-up correspondence. The HM Treasury guidance suggests the approach to benefits 
ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ƳŜŀǎǳǊŜƳŜƴǘ ǎƘƻǳƭŘ ōŜ άǇǊǳŘŜƴǘΣ ǇǊƻǇƻǊǘƛƻƴŀǘŜ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜέ. Table 26 
provides a summary of the main benefits captured in the preliminary benefits register for CAELUS. The 
appraisal of these benefits is detailed in Section 7.1.2. 
 

Table 26: NHS Borders: Identifying the main benefits for lab samples 

Benefit 

theme 
Example 

Benefit Classification 

Cash releasing (CRB) / 

 Non-cash releasing (non- 

CRB) / Quantifiable (QB) /  

Qualitative (Qual) 

Operational 

Reduced cost from earlier discharged from overnight 

stays 

 

(SMART:  

Change in quantity and duration of patients staying 

overnight in hospital) 

(non-CRB) /  

(QB) 

Social 

Stress from working additional unpaid working hours 

 

(SMART: 

Number of NHS staff working over time per year,  

Likert scale) 

(CRB) /  

(QB) / Qual 

Economic 

Reduced unpaid working hours 

 

(SMART: 

Number of hours each year each lab technician works 

over time due to late delivery of lab sample products,  

Average duration of overtime work) 

(CRB) /  

(QB) / Qual 

Health 

Increased patient volume 

 

(SMART: change in the number of patients) 

(non- CRB)  

/ (QB) 

 

 

6.1.4.2 Identify the main risks 

For more information on identifying the main risks, please refer to Section 2.1.4.2. 

6.1.4.3 Identify the constraints 

For more information related to identifying the constraints please refer to Section 2.1.4.3. 
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. 

6.1.4.4 Identifying the dependencies 

For more information identifying the dependencies please refer to Section 2.1.4.4. 

6.2 Exploring the preferred way forward  
 

For more information related to exploring the preferred way forward  please refer to Section 0. 

6.2.1 Agree critical success factors for the project  
For more information related to agreeing the critical success factors (CSFs) please refer to section 

2.2.1 which also covers the following steps: 

¶ Determining initial long-list options. 

¶ NHS Workshop. 

¶ Project Scope Filter.  

¶ Multi-Criteria Decision Analysis (MCDA). 

¶ Agreeing the second set of CSFs. 

¶ Further shortlisting. 

¶ LŘŜƴǘƛŦȅ ǇƻǘŜƴǘƛŀƭ ΨǎŎƻǇŜǎΩ ŦƻǊ ǘƘŜ ǎŜƭŜŎǘŜŘ ǳǎŜ ŎŀǎŜǎΦ 

6.2.2 Determine the long-list options  

 
For more information related to the long-list of options which have been along with a high level 

SWOT analysis to identify the selected options, please refer to section 2.2.2. 
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6.2.2.1 Options Framework 
Table 27: Options Framework | Service Scope | Laboratory samples: Borders 

BAU  

Current services 

Intermediate 

Option A 

Core and desirable 

Intermediate Option B 

Core  

and desirable 

Intermediate 

Option C 

Core  

and desirable 

Intermediate Option D 

Core  

and desirable 

Regular business hours involves the ICE Van service departing from Borders 

General Hospital (BGH) at 10:30. The van travels through various facilities, 

ultimately reaching the Royal Infirmary of Edinburgh (RIE) at Little France 

around 15:15. 

The current procedural framework comprises the following steps: 

Samples are extracted from patients, securely packaged, and then 

transported to the laboratories. 

Additional samples are obtained from the hospital wards and transported to 

the labs. 

Laboratory tests are scheduled at RIE, and the collected samples are 

appropriately packaged. 

Approximately 30 samples are collected from BGH at 10:30. 

The van concludes its journey by delivering the samples to RIE around 15:15. 

Regarding out-of-hours operations, the specific details are yet to be 

confirmed (TBC). 

In summary, a dedicated van service operates during regular business hours, 

Monday to Friday, facilitating the transportation of approximately 30 

specialised laboratory samples from Borders General Hospital to the Royal 

Infirmary of Edinburgh.  

This service operates at a higher 

frequency, transporting specialised 

laboratory samples from Borders 

General Hospital to the Royal Infirmary 

of Edinburgh. The Drone service is 

designed to conduct scheduled 

intervals throughout the day, ensuring 

a more frequent and timely transfer of 

these crucial lab samples between the 

two locations. 

Drone ς lab samples and other 

payloads 

Minimal opportunity for other 

payloads from BGH to RIE in 

timeframe considered. This 

may change in the future as 

drones become embedded, 

but this option was not 

explored further. 

Drone ς BGH to RIE 

and East Lothian to 

RIE 

Complex and less 

immediate 

opportunity from 

East Lothian 

Community Hospital 

(Haddington) to RIE 

Drone ς daily service 

Drone service taking the ~30 specialist 

lab samples from Borders General 

Hospital to the Royal Infirmary of 

Edinburgh every morning as the van 

service does but arriving much earlier 

(due to a direct route for drone vs 

multi-stop for van as well as the speed 

of the drone) 

Carried forward Preferred way forward Discounted Discounted Discounted 
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6.2.2.2 Drafting the short-list 

Summarised in Section 1.2.2.2, this section identifies the preferred way forward for selected use cases 

in terms of scope, specifically outlining the key options considered for the drone transportation of 

laboratory samples, along with the rationale for discounting those not selected. 

Intermediate Option A: Higher Frequency BGH to RIE Service (Selected) 

This option focuses on a higher frequency drone service between Borders General Hospital (BGH) and 

the Royal Infirmary of Edinburgh (RIE), catering specifically to the transportation of specialised 

laboratory samples. It was selected as the preferred option due to its alignment with the identified 

need for faster and more frequent sample delivery, its relative simplicity of implementation, and 

potential for quick realisation of benefits. 

 

Intermediate Option B: Minimal Opportunity for Other Payloads (Discounted) 

This option was considered but ultimately discounted due to the limited demand for transporting 

payloads other than specialised lab samples between BGH and RIE within the timeframe of the 

business case. While the potential for consolidating payloads with other items may increase as drone 

technology becomes more embedded in healthcare logistics, the current lack of demand renders this 

option less cost-effective in the immediate term. 

Intermediate Option C: Drone ς BGH to RIE and East Lothian to RIE (Discounted) 

This option, involving an additional route from East Lothian Community Hospital (Haddington) to RIE, 

was deemed too complex for immediate implementation. It would necessitate more coordination, 

potentially different drone types or capabilities, and a longer implementation timeline. While it may 

offer future potential, the immediate need and opportunity are centred on the BGH-RIE route. 

Intermediate Option D: Drone ς Daily Service (Discounted) 

While this option mirrors the existing van service with the added benefit of faster, more direct drone 

delivery, it does not address the need for more frequent sample delivery throughout the day. The 

current van service already handles the daily morning delivery; thus, this option was discounted in 

favour of a higher-frequency solution. 

 

Conclusion 

Intermediate Option A (higher frequency BGH-RIE service) was chosen as the most suitable option for 

this business case due to its direct alignment with the identified needs, its relative simplicity and 

potential for rapid implementation, and its ability to serve as a foundation for future expansion of 

drone services (Table 28). 
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Figure 37: NHS Borders: Preferred Way Forward | BAU vs. Intervention route 

 . 

Table 28: The Short List | Summary Assessment of options | Laboratory samples: Borders 

 
BAU Intermediate A Intermediate B Intermediate C 

Intermediate 

D 

Spending objectives   

Effectiveness      

Re-procurement      

Critical success 

factors 

  

Organisational 

support 

     

Transferability      

Potential 

opportunity 

     

Summarised Possible Preferred Discounted Discounted Discounted 
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7 Laboratory samples in NHS Borders: Planning the scheme and 

preparing the Outline Business Case (OBC)  

7.1 Determining potential Value for Money (VfM)  

7.1.1 Prepare the economic appraisals for shortlisted options 
The  cost modelling used in the economic appraisal follows the methodology outlined in section 

3.1.1 

7.1.2 Undertake benefits appraisal  
 

Following an analysis of the challenges inherent in the current medical equipment transportation 

arrangements, this business case outlines the spending objectives that the proposed drone solution 

aims to achieve in addressing these issues. The preferred option, selected to alleviate these 

concerns, was finalised after comprehensive evaluation. The benefits associated with this solution 

were identified and validated during a workshop held on Monday, 22nd January 2024. 84 These 

benefits, specific to the use case scenarios, have been succinctly summarised in the accompanying 

logic model identified in Figure 38. 

 
84 Amarvir Singh-Bal ï Economist ï Connected Places Catapult, Andrew Coyle ï NHS Economist - AA Transformation & 

Sustainability, Brian Renwick ï Project Manager - NHS Borders, Claire Nicholl ï Project Manager - NHS Grampian, Edward 

James ï Clinical Lead - NHS Borders, Hasel Dempsey ï Innovation Program Lead - NHS Grampian, Jamie Hogg ï Clinical 

Lead - NHS Grampian; Janet Hogg ï Clinical Lead - NHS Ayrshire & Arran, Karen Bell - Innovation Program Lead - NHS 

Grampian; , Moray Baylis ï NHS Economist - AA Transformation & Sustainability, Rasheeq Syed - Industry Collaboration 

Project Manager - West of Scotland Innovation Hub, Rory Maguire ï Project Manager ï NHS Borders, Thomas Levermore ï 

Technical Lead ï Connected Places Catapult 
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Figure 38: Logic Model: NHS Borders 
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This section conducts a benefits appraisal for the two scenarios: άBusiness as Usualέ and the 

άPreferred Way Forwardέ with respect to NHS BorderΩs use case of laboratory samples. 

The primary objective is to identify the main benefits, and where possible, to measure them so they 

can be converted into monetary terms, while avoiding the inclusion of benefits that lack a robust 

evidence base for measurement, assessment, or evaluation. 

Efforts have been made to quantify all potential benefits. However, in instances where evidence is 

lacking or the costs of research are not justified by the benefit's magnitude, quantification may lean 

towards qualitative expression. In such cases, it is still vital to estimate the likely magnitude of these 

benefits. 

For benefits that are qualitative or non-monetised yet crucial for decision-making, a separate 

evaluation is conducted to determine if the cost is justified by the added value. This analysis helps in 

shaping alternative options and facilitates a comprehensive appraisal of different scenarios. 

The appraisal process is supported by a rigorous review of the best available evidence, often relying 

on evaluations of similar past interventions, which serve as a crucial evidence source. The details of 

both quantifiable (non-monetised) and qualitative benefits are documented in the Benefits Register 

and are detailed in Table 26. 

The summary of the benefits for this health board has been summarised in Figure 39. 

Figure 39: Benefits | NHS Borders, laboratory samples85 

 

 
85 The pie chart (right) displays the unadjusted benefits for 2024, excluding STPR, inflation, and population projections. This 

visualization aims to provide the reviewer with an overview of the various benefits contributing to the Value for Money (VfM) 

cost-benefit ratio (CBR). 
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7.1.2.1 Lab Samples: Operational Benefits 
Figure 40: Logic Chain | Borders | Lab Samples | Operational Benefits 

 

To calculate the cost savings for NHS Borders from using drones rather than taxis to transport 

laboratory samples, the focus is on the financial benefits associated with earlier patient discharges. 

This forms a component of the Cost-Benefit Ratio in the Value for Money assessment for the CAELUS 

Economic Case. Here is an explanation of how these cost savings are calculated: 

 

1. Determination of Eligible In-Patients: Identify the proportion of in-patients who, upon 

receiving a negative lab result, are discharged earlier than scheduled.86 

 

2. Calculation of Average Overnight Stays Saved: Multiply the number of these patients by the 

average number of nights they would otherwise spend in hospital. This step quantifies the 

reduction in unnecessary overnight stays.87 

 

3. Cost Per Night: Calculate the cost per night for a patient staying in the hospital. This includes 

the direct costs associated with extended hospital stays that could have been avoided if the 

lab results had been received sooner.88 

 

By combining these steps, the total cost savings are determined by calculating the total number of 

nights saved across all relevant patients and multiplying this by the cost per night. This total 

represents the economic benefit of using drones for the rapid delivery of lab samples, directly 

ƛƳǇŀŎǘƛƴƎ ǘƘŜ ƘƻǎǇƛǘŀƭΩǎ ƻǇŜǊŀǘƛƻƴŀƭ Ŏƻǎǘǎ ŀƴŘ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ƻǾŜǊŀƭƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǇŀǘƛŜƴǘ ŎŀǊŜ 

management.  

7.1.2.2 Lab Samples: Economics Benefits 
Figure 41: Logic Chain | Borders | Lab Samples | Economic Benefits 

 

To calculate the productivity gains from reducing unpaid overtime work by lab technicians due to the 

faster arrival of lab samples. This is achieved through the following steps: 

1. Quantification of Overtime Reduction: 

 
86 NHS Borders 
87 "Length of Hospital Stay," OECD, accessed [February, 2024], https://data.oecd.org/healthcare/length-of-hospital-stay.htm. 
88 ñR100: Executive Summaryò for NHS Borders, Scottish Health Service Costs 
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¶ Identify Late Arrivals: Calculate the number of sample arrivals that typically occur 

late in the day, necessitating overtime work.89 Multiply this number by the average 

duration of the overtime work required for these late samples. 

2. Calculation of Overtime Costs Avoided: 

¶ Determine Overtime Labor: Identify the number of lab technicians who work 

overtime to process these late-arriving samples. 

¶ Calculate Overtime Expenditure: Multiply the number of technicians working 

overtime by the duration of overtime they work90 and their respective band salary.91 

This provides a figure for the total additional salary costs incurred due to late sample 

processing. 

By applying these steps, the benefits are monetised by calculating the cost savings from reducing or 

eliminating the need for overtime work. This results in increased productivity. 

 

Figure 42: Logic Chain | Borders | Lab Samples | Social Benefits 

 

 

To calculate the social benefits arising from reduced stress from unpaid overtime work by lab 

technicians due to the faster arrival of lab samples for NHS Borders these steps outline how the 

benefits were monetised and calculated: 

1. Quantification of Overtime Reduction: 

¶ Identify Late Arrivals: Calculate the number of lab sample arrivals that typically 

occur late in the day, necessitating overtime work. This step quantifies the 

frequency of overtime induced by delays in sample transport. 

2. Monetisation of Reduced Stress from Overtime Work: 

¶ Identifying Relevant Social Value MetricΥ CǊƻƳ I!/¢Ωǎ {ƻŎƛŀƭ ±ŀƭǳŜ .ŀƴƪΣ ǘƘŜ 

variable "HEA1406 - Feel in control of life" was identified as closely related to the 

impact of reducing stress from less overtime. 

¶ Calculating Weighted Average Income: Calculate the average income across the UK 

and adjust this figure using population estimates from the Borders area to produce a 

region-specific weighted average income. This adjusted figure reflects the economic 

context relevant to the health board's personnel. 

 
89 NHS Borders 
90 NHS Borders 
91 "Laboratory Technician Salaries in NHS," Indeed, accessed [February, 2024], https://uk.indeed.com/cmp/Nhs-

1/salaries/Laboratory-Technician. 




















































































































