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1: Introduction

Introduction

1.1 Reducing human impact on the environment, and particularly on climate change, is of growing political importance. Governments, businesses and populations are becoming aware of the impact that economic development may have on climate change. There is a need for tools and approaches that allow non-experts to consider what the greenhouse gas emissions impact (or “carbon impact” 
) of developments might be.  

1.2 Scottish Enterprise (SE) wants to explore and understand the impact on carbon emissions of the projects that it delivers to customers. Improved understanding of the potential carbon impacts of projects and programmes will help Project Managers identify how to reduce carbon impacts and develop better projects.  To support the delivery of these objectives, SE commissioned SQW to:

· calculate the carbon emissions from a sample of projects, both during the project delivery phase and over the long term; 

· produce an approach to calculating carbon emissions that can input to the project development process; and

· consider, and advise on, the practical implementation issues arising from calculating carbon emissions arising from economic development projects.

1.3 This report presents the outputs of the research as follows:

· a summary of the carbon accounting approach that SE Project Managers can use to assess carbon impacts of projects 

· an assessment of the carbon emission impacts of nine sample projects

· recommendations and practical guidance on how to embed carbon accounting into SE’s decision making processes

· suggestions for future research.
Policy Context
1.4 The Climate Change Act (Scotland) Act 2009 introduced ambitious targets to reduce emissions by at least 80% by 2050, from a 1990 baseline. The Act establishes a framework for tackling greenhouse gas emissions in Scotland and puts the transition to a low carbon economy on a legislative basis.

1.5 Part 4 of the Act refers to the duties of public bodies (including Scottish Enterprise) relating to climate change:

 “A public body must, in exercising its functions, act in the way best calculated to contribute to the delivery of the targets set in… this Act”

1.6 Draft guidance setting out the duties of public bodies has under the Act has recently been published for consultation
. The preliminary guidance is not prescriptive, but establishes a framework that public bodies can use to understand and seek to comply with their duties.   Guidance on assessing the impact of Scottish Government policies on greenhouse gas emissions is due for publication by the end of the year (the Scottish Carbon Impact Assessment). 

1.7 In accordance with the Act and emerging guidance, SE has recognised the need to develop a methodology that allows it to begin to understand the carbon impact of the projects and programmes it invests in
. SE would like to have in place a robust carbon assessment process that will allow the organisation to consider carbon impacts alongside economic impacts during the project development, appraisal, decision making and evaluation process.

1.8 The purpose of this exploratory study was therefore to help SE by:
· Developing and testing a methodology for quantitative assessment of carbon impacts that can sit alongside existing SE processes

· Developing a qualitative assessment tool for the majority of SE projects and programmes where quantitative assessment is not considered by SE to be appropriate at this point in time

· Providing recommendations on how to build upon the findings of this study
1.9 The research was underpinned by the following principles:

· To complement SE’s existing economic impact assessment process as far as possible by adopting similar assumptions and definitions

· To design carbon assessment tools for SE Project Managers to understand and use without significant additional support

· To design a process that builds on current ‘best practice’ in carbon assessment within the UK

· To avoid re-inventing the wheel by incorporating existing methodologies and tools wherever possible.

1.10 The remainder of this report is structured as follows:

· Approach and Methodology

· Developing the Models


· The Carbon Assessment Models

· Sample Calculations
· Recommendations and Conclusions
2: Approach and Methodology

2.1 This chapter provides a summary of the approach and methodology used to develop the carbon accounting tools for SE and highlights key points of interest arising from this process. 

Approach and Methodology
2.2 SQW developed a draft methodology at the outset of the project which outlined the steps involved in undertaking a quantitative Carbon Impact Assessment (“CIA”). These included:
· project definition

· emissions screening

· baseline determination
· quantification of impacts

2.3 The draft methodology was tested by quantifying the carbon impacts of a number of SE projects.  All of the projects had previously been approved for development and hence were either underway, about to commence or had already been completed. It is anticipated that in future the carbon assessment tool would be used prior to approval of the project. 
Considerations in developing the carbon accounting tools

Calculating carbon emissions
2.4 It was important to SE to consider the emissions associated both during the project delivery period and over the long term.  This work builds on the guidance developed by DECC
 for estimating the CO2 emissions impact of public sector policies and projects, and the Scottish Government Carbon Impact Pilot study
 which trialled and refined the DECC methodology. The DECC methodology was updated towards the end of this study, and the latest version incorporates many of the features developed by SQW for SE, including a focus on the net impacts of a policy and on indirect carbon impacts (discussed in more detail below).
2.5 Whilst a number of models exist for calculating carbon emissions, none were judged to be sufficiently comprehensive in scope, detail and simplicity to use to meet the requirements of this study. As a result, a new quantitative model was developed (the CIA model) which builds on the tools and techniques developed in existing models. In particular, the 2009 Defra/DECC guidance for businesses and organisations on how to measure and report their GHG emissions
 forms the basis of much of the quantitative model developed as part of this study.

2.6 The diversity of SE projects is such that the direct, indirect and induced CO2 emission impacts vary significantly from project to project. In addition, most SE projects involve up-front investment and activity with the aim of achieving longer term impacts arising from increased economic growth. Therefore, for most SE interventions the long-term impacts of a project on GHG emissions are likely to be more significant than the direct impacts arising from project delivery. 
Developing an accessible non-technical model

2.7 The model was developed through considering the carbon impacts of nine sample projects, selected to be representative of the wide variety of SE interventions. The model was refined through consultation with SE Project Managers and the Strategy and Economics Team. 

2.8 Throughout the testing of the draft methodology SQW worked with the SE Strategy and Economics Team to develop a series of definitions for use within CIA.  These definitions have been designed to:

· assist SE staff in carrying out CIAs

· complement SE’s Economic Impact Assessment (EIA) terminology

· provide information in a format suitable for SE appraisals and evaluations

2.9 The full set of definitions is included in Annex A of this report.

User Consultation

2.10 As part of the model development process SQW ran a workshop for the SE Project Managers to introduce them to the carbon accounting process and to gain feedback on provisional carbon impact assessments for sample projects. Ideas and feedback from the workshop informed the development of the tools and the wider SE carbon accounting process. 
Model development 
2.11 It became apparent through the delivery of the work that different degrees of rigour are required in assessing the carbon impacts of projects of differing scales.  For example, SE are of the opinion that it is difficult to justify the time required for a detailed and quantified carbon assessment for most of their projects. To facilitate this SQW developed two models: a qualitative model that built upon a pre-existing SE carbon calculator; and a quantitative model based on the sample calculations.

2.12 The models were developed using Excel and are each accompanied by a User Guide that provides an introduction to each model, a discussion on assumptions and accounting principles and a step-by-step guide to using the model.
2.13 Chapter 4 sets out the main characteristics of the two models; Carbon Assessment Lite (CAL) and Carbon Impact Assessment Model (the CIA model). 
2.14 An analysis of the test calculations and resulting findings is presented in Chapter 5.
Published carbon accounting guidance
2.15 The models developed in this study are intended as practical tools to assist with carbon impact assessment. The models complement and build on established Scottish, UK and international methodologies for carbon accounting; for detailed information on carbon accounting principles and methodologies users are referred to the following sources:
· Scottish Government guidance to public bodies in relation to their climate change duties under the Climate Change Scotland Act (under development)
.

· Defra/DECC guidance for businesses and organisations on how to measure and report their greenhouse gas (GHG) emissions
.

· DECC guidance on the valuation of energy use and GHG emissions for appraisal and evaluation
.

· GHG protocol standards for corporate and project GHG accounting, from the World Resources Institute and the World Business Council for Sustainable Development
.
3: Key definitions
3.1 This section summarises the key terms used to underpin the models; a more detailed glossary is provided in Annex A. 

3.2 SQW reviewed the available guidance for carbon emission calculations to inform the SE process. This included:

· DECC, 2008, Greenhouse Gas Policy Evaluation and Appraisal in Government Departments
 

· Scottish Government Social Research, 2009, Scottish Carbon Impact Pilots 

· World Resources Institute, Greenhouse Gas Protocol
.

3.3 In applying the DECC guidance the Scottish Government’s pilot study utilised a classification system based on the World Resources Institute’s Greenhouse Gas Protocol:

· Direct emissions: those arising directly from the policy in question (termed “Scope 1” emissions under the GHG Protocol)
· Energy indirect emissions: those that arise as a consequence of government intervention, but not directly as a result of the measures (Scope 2)

· Other indirect emissions: those which occur at sources which are not directly owned or controlled by the beneficiary company and are not energy indirect emissions (Scope 3)

3.4 For this project we followed a similar classification but with the following amendments:

Project delivery carbon impacts

3.5 Project delivery impacts are defined as “carbon impacts arising during the period of time that Scottish Enterprise are directly involved in implementing the intervention” and are sub-categorised as follows:

· Direct impacts – carbon impacts arising directly as a result of the activities being funded. This typically covers on-site energy use of the beneficiary company (electricity, gas, transport fuels, other fossil fuels). SE is most likely to have the ability to influence these impacts.

· Indirect impacts – carbon impacts arising through the supply chain of the intervention activities and through energy use caused by the intervention activities but not directly financed through the project budget. CO2 embedded within construction materials, and construction workers travelling to an SE funded construction project would be examples of indirect emissions. SE may have some ability to influence these emissions.

Long term impacts

3.6 These are defined as carbon impacts that extend beyond the project delivery period. Note that these impacts can also occur during the project delivery period, as long as they are not also accounted for as Project Delivery impacts. Long term impacts are sub-categorised as follows:

· Direct and indirect impacts – carbon impacts that are linked to the economic activity created by a project (new jobs, increased turnover, supply chain activity) 

· Wider impacts – carbon impacts that are not linked to the economic activity created by a project (e.g. reductions in fossil fuel usage as a result of new technology, or behavioural changes occurring as a result of an SE funded project).
4: The Carbon Assessment Models
Introduction

4.1 One of the objectives of the study was to design a carbon accounting approach that SE managers can use to assess the carbon impacts of projects. This chapter reports on the two tier carbon accounting approach developed as a result of the study.

4.2 The feedback received from Project Managers led to the development of two models. The Carbon Assessment Lite model (CAL) is a qualitative approach which builds on the SE Project Carbon Calculator (August 2009). The Carbon Impact Assessment Model (the CIA model) is a more in-depth quantitative carbon impact assessment tool intended for further trial and later introduction within SE. 

4.3 Given the wide variety of projects funded by SE, neither model is intended as a set of fixed rules for determining responses – i.e. they do not replace thinking.  Users will be required to apply their own judgement based on all of the relevant information available to them (including areas not currently covered in the models). In doing so project managers and those reviewing the results will develop a much greater understanding of the carbon impacts of SE funded interventions.

4.4 The two carbon assessment models are summarised below 
Carbon Assessment Lite (CAL) 

4.5 CAL is a qualitative carbon assessment tool that has been developed to assist Scottish Enterprise (SE) project managers in considering the carbon (and, to some extent, wider environmental) impacts of projects undergoing appraisal and approval.
How to use CAL

4.6 The core of the model consists of 13 questions to answer on one Excel spreadsheet – the full set of questions is listed in Annex C. To help users complete each question there are hyperlinks to a series of guidance notes. A screen shot of the first four questions is shown in Figure 4-1.

Figure 4-1 Carbon Assessment Lite screen shot
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4.7 For each question, users are asked to answer using a ”traffic light” colour scheme as described below.  Not all the questions will be relevant to every project.

Table 4-1 CAL user selections
	User selection
	Meaning

	Red
	Increase in CO2 emissions

	Amber
	Neutral or small impact

	Green
	Decrease in CO2 emissions

	not relevant
	Question not relevant


Source: SQW/SE
4.8 A ‘comments’ box is provided to allow users to justify their selected answer to each question.  The comments box can also be used to describe the baseline and any assumptions made.

4.9 A ‘positive actions’ box is provided to allow users to highlight any specific actions that either:

· have been taken to reduce or mitigate any increase in carbon emissions identified

· have been taken to create or enhance positive carbon impacts 
Overall Assessments

4.10 After the individual questions have been completed, users are requested to provide an assessment of the overall carbon impacts of the project delivery period and over the longer-term.  For both of these assessments users can select a category for the project from the five options listed below:

· Significant increase in carbon emissions

· Small increase in carbon emissions

· Minimal carbon impact 

· Small decrease in carbon emissions

· Significant decrease in carbon emissions

4.11 Users are advised to use their own judgement based on all of the questions answered when determining the overall impact.
When to use CAL

4.12 CAL can be used as an introduction to carbon impact assessment for project managers and/or as a scoping phase in order to identify the major carbon impacts of a project (if any). The Project Manager can then explore ways to reduce any negative carbon impacts and enhance positive impacts through, for example, project selection, procurement and/or design. This will help SE to develop better projects while contributing to Scotland’s climate change goals.
Carbon Impact Assessment (CIA) Model 
4.13 The CIA model is a Microsoft Excel based tool designed to help SE to quantify the carbon impacts of its interventions. The model is similar to CAL in design, with additional tools provided to assist with the quantitative assessment of carbon impacts.
4.14 The model is structured so that the user can work through the different elements of the assessment including;

· Project screening

· Project finance

· Project delivery calculations and 

· Long term calculations

4.15 A results page provides summary tables and charts for inclusion in the assessment report. The model is supported by the ‘Emissions Data’ sheet which holds the relevant source data for the calculations. 

4.16  A diagrammatical summary of the CIA model is shown in Figure 4-2 below.

Figure 4-2 Outline of the CIA model
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Source: SQW
4.17 A User Guide accompanies the CIA model and provides background on the conceptual framework and detailed guidance on each of the assessment worksheets. 
4.18 While the model captures information on a wide range of activities, the model is not exhaustive. There will be activities that occur as a result of a project that cannot be quantified using the model.  It is envisaged that, over time, it will be refined as it is tried and tested across SE and as more specific and relevant benchmark data becomes available.
5: Sample Calculations
5.1 The development of the models was based on the assessment of nine sample SE projects. This chapter presents the key findings from this exercise and discusses how this relates to the future development of the models and carbon accounting for SE.
5.2 Preliminary versions of these calculations were shared with the SE Project Managers and their feedback incorporated into the final results. The final findings for each project’s carbon assessment are provided in Annex B. 
Summary of Carbon Impacts

5.3 Table 5-1 summarises the carbon impacts for each of the sample projects, as determined by the CIA model. Some qualifications should be born in mind when considering these findings, as discussed in detail in Annex B.  The key issues arising are presented below.
Table 5-1 Summary of carbon impacts
	Project 
	Direct impacts (tCO2e)
	Long term impacts (tCO2e)

	Advanced forming Research Centre
	860
	5,800

	Chemical Sciences Scotland
	80
	-

	Destination Edinburgh
	350
	1,900

	European Seafood Exposition (SDI)
	5
	260

	Food and Drink Packaging Pilot
	1
	-460

	Heathhall
	330
	17,000

	Power Up
	10
	-14,000

	Wave Energy Developer
	35
	-310,000

	Wellness and Health Innovation
	70
	3,700


Source: SQW

Key issues and learning points
5.4 A number of issues arose when assessing the carbon impacts of the sample projects. The issues raised help to shape the assumptions used in the model, and provide pointers to how the model could be further developed in the future.
Insufficient data
5.5 The carbon impact assessment was based on the available data and information provided by Project Managers. In some cases, there was insufficient data in the documents available to accurately estimate the potential carbon impact of the various activities involved in delivering these projects. This is unsurprising given that these existing projects were not required to account for energy usage, for example, when they were initially designed and approved.  Where possible, additional assumptions were made beyond the data available in order to calculate the carbon impact; in other cases potentially significant areas could not be addressed. Depending on the project this leads to an under- or overestimation of the carbon impacts. 
5.6 While the availability of reliable data is likely to remain an issue it can at least in part be addressed in future by requesting further relevant information from project applicants to allow a more complete appraisal of the carbon impact. The key data to collect is that relating to changes in energy use, material consumption and waste and industrial GHG emissions arising as a result of the project.
Long Term Impacts

5.7 Several project carbon assessments highlighted the difference between direct impacts – which are usually small, but can be estimated with a relatively high degree of confidence – and long term impacts – which are potentially much greater, but highly uncertain. 
5.8 The long term impacts can be highly sensitive to assumptions. To some extent this is unavoidable: the long term impact relies upon an assessment of the difference between what would happen with an intervention and what would happen without it and the factors typically involved in this calculation are often highly uncertain: for example, forecasts of economic activity, technological development and the success and growth of a particular company or technology. 

5.9 The same issues are faced by SE in assessing the economic impact of their projects. In economic impact assessment (EIA) these issues have been addressed (as far as possible) by establishing detailed methodological guidance to ensure that all projects are assessed in a clear and logical manner that allows comparison between the assessment of different projects. 
5.10 EIA guidance can often be simply extended to carbon impact assessment – for example, in relation to the persistence of some project impacts, such as employment. However in other cases new guidance will need to be developed; some of the key issues explored in Annex B are summarised below.
· Attribution: The attribution of carbon impact to SE in the worked examples follows the methodology adopted in the economic impact appraisal, where attribution of net additional benefits is typically based on SE’s share of the total public funding. However in cases where the carbon impact is dominated by long-term forecasts this can lead to SE claiming a share of the carbon impact that could be viewed as unreasonably high. For example, in the Wave Power and Power Up examples, the attribution of impacts to SE persists undiminished over the 20 year lifetime of devices installed in 10 years time – i.e. over 30 years in total, despite the fact that over this time SE’s initial investment would be dwarfed by funding provided by other sources (including potentially public funds from other countries).

· Persistence: the example under ‘Attribution’ above could also be viewed as an issue of persistence; the question being whether it is reasonable for all the anticipated carbon impacts associated with a device to be accounted for in the year of installation: i.e. if the EIA finds that the sale of 10 additional devices can be attributed to SE’s intervention, and if each device is expected to save 1 tCO2e per year over a 20 year lifetime, should SE claim responsibility for 200 tCO2e carbon saving?
· Carbon substitution: how to account for carbon savings realised by overseas consumers of low-carbon products manufactured in Scotland. Constructing a realistic baseline against which to assess such impacts would require an assessment of, for example, the degree to which products made in Scotland would substitute products manufactured elsewhere (and the relative carbon intensity of those products)
. This is essentially an economic question, but one that goes beyond the scope of the EIA. Consider the case where SE intervention results in the sale of additional wave power devices manufactured in Scotland to a US Company. Both the magnitude and the sign of the carbon impact (i.e. whether the net impact is positive or negative) depend on the counterfactual case: what the US Company would have done had it not bought these devices. Such questions can only be robustly answered on a case-by-case basis, which adds significant complexity to the analysis.
· Carbon displacement: Similarly, the net carbon impact of an increase in economic activity in Scotland depends on the degree to which this activity displaces economic activity elsewhere. For example, an increase in Scottish manufacturing would typically increase carbon emissions in Scotland. But if this displaces less efficient production overseas then the net impact might be a reduction in carbon emissions. 

Geographical scope  
5.11 A common thread running through the issues above concerns the extent to which SE can and should consider carbon impacts arising outside Scotland. At present the model calculates the global impact on carbon emissions as carbon is a global issue.  However, the main targets in the Climate Change (Scotland) Act relate to emissions within Scotland
. With this regard, in order best to address SE’s duties under the Act, the tool could be further refined to separate carbon impacts realised within Scotland (i.e. those that contribute to Scottish targets) from carbon impacts occurring overseas. It could also be useful to report carbon impacts on a year-on-year basis, since annual targets are specified in the Act. 
Alignment with EIA

5.12 Close alignment of the EIA and CIA would help build a consistent set of assumptions and enable more accurate and consistent carbon assessments to be made. Having the EIA and CIA conducted simultaneously would help to ensure that data is collected efficiently and that the results are consistent.
Benchmark data

5.13 Several of the tools incorporated in the CIA model rely on benchmark data in order to calculate carbon impacts. For example, the ‘Turnover’ sheet uses typical emissions associated with businesses in a particular SIC code to derive an estimate of the carbon impact of a change of turnover in a particular industry sector. 

5.14 Benchmarks can be useful for calculating impacts in circumstances where detailed information on the activities of target businesses is not available. However, this approach fails to recognise the difference between businesses within a sector, which can sometime be considerable
. 
5.15 By preference, tools that consider the specific characteristics of the project or business in question are preferred to the use of benchmark data (but in the absence of better data, benchmarks will often have to be used).

Double counting

5.16 In order to provide flexibility to the user some of the different tools incorporated in the CIA model use different methods to calculate the same thing. For example, the model allows users to estimate the carbon impact of a project based on (a) changes in turnover of target businesses or (b) changes in employment in the target businesses. However both of these approaches rely on benchmark estimates of emissions for a typical business in this sector, and using both approaches would lead to double-counting of carbon impacts.

5.17 Users are not prohibited from completing two potentially overlapping calculation sheets since for some projects this may be necessary. Detailed guidance is provided in the User Guide on how to avoid double counting; it is the responsibility of the user to ensure that double-counting is avoided.
Prioritisation
5.18 Several project carbon assessments highlighted the difference between direct impacts – which are usually small, but can be estimated with a relatively high degree of confidence – and long-term impacts – which are potentially much greater, but highly uncertain. In building on this work SE will need to decide whether to focus on factors which can be counted but have little impact, or factors which have greater impact but can only be counted with difficulty.

6: Recommendations and Conclusions

6.1 This study represents a significant step by SE towards the goal of providing Project Managers with robust tools that bring carbon assessments into project development, decision making and appraisal considerations, with the ultimate aim of balancing economic growth with minimising or reducing the carbon impact of these activities.

6.2 This study should be viewed as the early steps on a long journey towards this goal. However, progress has been made which has helped to identify the main barriers, make suggestions as to how to overcome them and recommendations for next steps.

Conclusions from model development

6.3 The findings of the project and the feedback received from Project Managers led to the development of two models. The Carbon Assessment Lite model offers a qualitative approach which is now being applied by Project Managers to the vast majority of SE projects; the Carbon Impact Assessment model is a more in-depth quantitative carbon impact assessment tool intended for further trial and development within SE, and initially being used to assess SE’s largest projects. 

6.4 Given the wide variety of projects funded by SE, neither model is intended as a set of fixed rules for determining responses – i.e. they do not replace thinking.  Users will be required to apply their own judgement based on all of the relevant information available to them (including areas not currently covered in the models). In doing so Project Managers and those reviewing the results will develop a much greater understanding of the carbon impacts of SE funded interventions. In time it could also lead to an agreed approach to enable SE to report to the Scottish Government on the carbon impacts of its activities.
Recommended next steps that will allow SE to develop CIA further

6.5 There are some important steps to be made to allow SE to progress the CIA process. These include:

· piloting the tools on a wider range of sample projects and incorporating feedback into their design

· further aligning CIA with EIA to streamline data collection and ensure consistency of approach

· considering how CIA can be combined with EIA within an integrated project assessment framework (e.g. utilising a shadow price of carbon)

· formalising the geographical and temporal scope of the assessment, particularly with regard to long term emissions

· keeping track of developments in carbon accounting and reporting and aligning SE’s CIA process with commonly accepted standards
. 
Significant milestones and/or barriers that may influence CIA development and suggestions on how to overcome them

6.6 Feedback from SE Project Managers underlined the fact that there is a need to build confidence and ability within the organisation before the full roll-out of a quantitative CIA. This can be achieved by developing a ‘roll-out’ programme with an associated communication plan and training for Project Managers and other staff who will be taking decisions on the appraisal and approval of SE’s projects.
Recommendations and practical guidance on how to embed carbon accounting into SE’s decision making processes
6.7 The following actions can be incorporated into a roll-out programme:
· implementing CAL 

· working with SE’s Strategy and Economics Team to align the conceptual frameworks behind EIA and CIA
· piloting and refining the CIA model
· building knowledge and case studies to share within the organisation.

6.8 A suggested method for integrating CIA with EIA would be to attach a cost to carbon following DECC guidance on the valuation of carbon emissions
.
Suggestions for future research
6.9 In this study we attempted to consider the net global carbon impact of SE projects, since the impact of GHG emissions does not depend on where in the world they are emitted. However a number of challenges were uncovered when undertaking this approach (as detailed in Annex B). In particular, a net global carbon impact assessment depends on a net global economic impact assessment, but there is no intention to extend EIA into a global impact assessment tool. In addition, Scottish climate change targets are based on GHG emissions in Scotland, not Scotland’s impact on global emissions.
6.10 For these reasons we suggest that the methodology and tools developed in this study are further refined to allow users to focus on Scottish-based emissions. Emissions from other locations can still be estimated, but reported separately – this would allow SE to report directly on the contribution of their projects to Scottish targets. This would not require significant changes to the model, but would affect in particular embedded emissions (which include overseas emissions).
Annex A: Definitions for Carbon Impact Assessment

A.1 A number of definitions were developed for use within the Carbon Impact Assessment models.  A number of key terms are defined below.
Carbon impacts

A.2 Carbon impacts are defined as increases or decreases in carbon dioxide equivalent emissions compared to what would probably have happened in the absence of the intervention.

Carbon dioxide equivalent

A.3 Carbon dioxide equivalent (“CO2e”) is a measure used to compare the emissions from the six major greenhouse gases (GHGs) considered under the Kyoto Protocol based upon their global warming potential (GWP) when compared to that of carbon dioxide (CO2) over a 100 year timeframe. For example, the emission of one tonne of methane (CH4) has the equivalent impact on global warming of the emission of 21 tonnes of CO2: methane is therefore said to have a GWP of 21.

Embodied CO2

A.4 The model uses a “Cradle to Gate” definition of embodied CO2. This definition includes CO2 emitted at all stages along a good’s manufacturing process to the point that the goods leave the factory gate. It excludes emissions when in use and those arising due to disposal.

Project delivery carbon impacts

A.5 Project delivery impacts are defined as carbon impacts arising during the period of time that Scottish Enterprise are directly involved in implementing the intervention. Project delivery impacts are sub-categorised as follows:

· Direct impacts – carbon impacts arising directly as a result of the activities being funded.  This typically covers on-site energy use by the beneficiary business (electricity, gas, transport fuels, other fossil fuels). SE is more likely to have the ability to influence these impacts than indirect and long-term impacts.

· Indirect impacts – carbon impacts arising through the supply chain of the intervention activities and through energy use caused by the intervention activities but not directly financed through the project budget. CO2 embedded within construction materials, and construction workers travelling to an SE funded construction project would be examples of indirect emissions. SE may have some ability to influence these emissions.

Long term impacts

A.6 These are defined as carbon impacts that extend beyond the project delivery period. Note that these impacts can also occur during the project delivery period, as long as they are not also accounted for as ‘project delivery’ impacts. Long term impacts are sub-categorised as follows:

· Direct and indirect impacts – carbon impacts that are linked to the economic activity created by a project (new jobs, increased turnover, supply chain activity) 

· Wider impacts – carbon impacts that are not linked to the economic activity created by a project (e.g. reductions in fossil fuel usage as a result of new technology, or behavioural changes occurring as a result of an SE funded project).
Annex B: Detailed case studies
Wave energy developer

B.1 Scottish Enterprise is providing R&D funding support to a Scottish-based wave energy developer. At the request of the Company its identity is not disclosed in this report.

Major assumptions/limitations

B.2 The device has a useful life of 20 years, maximum rated capacity of 2.4 MW and a capacity factor of 30%. In line with the economic appraisal, the period used for the carbon appraisal was 10 years.

· Whilst it is acknowledged that other materials and activities will also be involved in the manufacture of the device, the embodied emissions calculation has been carried out based on the amount of steel expected to be used: this is therefore likely to be an underestimate of the embodied emissions for each device.

· No data was available to analyse the carbon emissions associated with deploying the device, building foundations, laying cables and building the onshore sub-station. This will also lead to an underestimate in embodied emissions. 

· Nor was any data available on upgrades to national and local electricity networks required to bring the resultant electricity to market, nor on road improvements required to enable access. No attempt was made to estimate the infrastructure emissions associated with deployment of the device.

· Net employment figures were used to estimate the carbon impact of employment, and were taken from the economic impact appraisal.

· The Company expects to export two of every three devices it produces over the next decade. Since Scottish Government targets are focused on carbon emissions produced within Scotland, the carbon benefits of exported devices were modelled separately in this study. This “carbon leakage” is equivalent to the concept of leakage used in economic appraisal, since the carbon benefits of the project are not all retained within Scotland. 

· Carbon emissions associated with the production of exported devices are included in the CIA. This assumes that devices are manufactured within Scotland, which aligns with the assumptions in the EIA. Emissions associated with the transport of devices to their final destination are not included, although they are likely to be relatively insignificant
.

· A persistence factor of 3 years was applied to the jobs created; in line with the 2009 BERR guidance to RDAs for implementing the impact evaluation framework
.
B.3 Project impact parameters were mostly taken from the Economic Impact Assessment, and are summarised in the table below.

Table B-1  Economic impact parameters for the wave power project

	Parameter
	Value
	Comment

	Attribution
	14%
	SE share of public sector capital funding

	Persistence
	GVA: 10 years

Jobs: 3 years

Product lifetime: 10 years


	The nature of an R&D project means that an unusually long persistence period is required in order to capture the potential long-term benefits (under SE guidance
, 10 years is the maximum period permitted for R&D projects). However, the uncertainty inherent in long-term economic forecasts for start-up companies contributes to a high degree of uncertainty in the final calculations.

The use of a different persistence for jobs and for other economic impacts in the CIA follows the economic impact appraisal. 

The product lifetime was assumed to be ten years. This is smaller than the lifetime assumed by the company (20 years), to which we have applied some optimism bias. It is likely that early devices will either not survive as long as anticipated, or be replaced by better-performing, updated models before the end of their technical lifetime.

	Optimism bias
	85%
	This high optimism bias is based on the assessment in the economic impact appraisal of Company growth forecasts.

	SE investment
	£960,000
	

	GVA attributable to SE 
	£11,400,000
	Or £5.4 million, excluding multiplier effects. 


Source: Project economic impact assessment

Findings

B.4 There are, potentially, enormous long-term carbon emission reductions to be derived from this project that could massively outweigh the carbon emissions associated with undertaking the project: indirect and long-term carbon impacts dwarf the direct impacts of funding. However the scale of the carbon impact is very sensitive to highly uncertain, long-term forecasts regarding the performance of the device and sales forecasts. Furthermore, the magnitude – even the sign of the carbon impact (i.e. whether net global carbon emissions are reduced or increased as a result of this project) over the next ten years is crucially dependent on the question of displacement, which is far from trivial to answer for this project.

Table B-2  Wave power company carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Energy use emissions – safeguarded R&D jobs
	3 years
	25

	
	Indirect impacts
	Travel emissions – safeguarded R&D jobs
	3 years
	10

	
	
	Project delivery total
	35

	
	
	
	
	

	Long term
	Direct and indirect
	Embodied emissions associated with device construction
	10 years
	11,355

	
	Wider impacts
	Emission reductions resulting from displacement of grid electricity in Scotland
	10 years of installation

10 year lifetime
	-107,000

	
	
	GROSS Emission reductions resulting from displacement of grid electricity overseas
	10 years of installation

10 year lifetime
	-214,000

	
	
	Long-term total
	-309,645


Source: SQW

Learning points

B.5 Displacement: The long-term carbon savings from devices located in Scotland are assumed to arise through the displacement of an identical amount of power from fossil fuel generation (usually gas or coal power)
. The revenue gained by the wave power company is therefore to some extent offset by the revenue lost by fossil fuel generators located elsewhere on the UK grid.  However, this displacement would not be considered in the EIA, since the EIA considers displacement from developing and manufacturing devices, not displacement arising from companies using those devices.
B.6 Capturing the carbon savings arising from companies using devices developed in Scotland (as we have in this example) therefore involves going beyond the scope of the EIA and requires a broader definition of the term “displacement”. However the question of what carbon is displaced through the use of a device is essentially an economic question, so in these cases those conducting the CIA will need to have a good understanding of economic impact assessment.
B.7 The Renewables Obligation (RO): The majority of the revenue generated by the devices over the assessment period will come from Renewables Obligation Certificates (ROCs), a mechanism for subsidising renewable electricity.  Under the RO, this revenue will come from one of two sources: 

· UK electricity consumers, via increased electricity bills 

· other UK renewable generators, via reduced ROC prices. 

B.8 Both of these are potential sources of economic displacement, although neither is explicitly considered in the EIA. In particular, wave power is currently an expensive form of renewable generation; as a result, it receives more funding under the RO per MWh generated than mature technologies like onshore wind
. It is perfectly possible, when considering the RO, to construct a scenario where the additional wave power stimulated by this project displaces a greater amount of renewable generation than it generates, in which case this project would result in a significant carbon cost rather than a carbon benefit. 

B.9 Furthermore, the RO could be interpreted as public funding (it qualifies as State Aid). This interpretation would have a significant impact on the attribution of carbon impact to SE, which would only be providing a tiny proportion of total public funding – the vast majority of GVA benefits for UK-based projects would be attributed to the RO.

B.10 Leakage: The Company aims to export two out of every three devices they produce
 so the related carbon savings will be realised overseas. Note that, as with ‘displacement’ above, this involves an extension to the definition of leakage used in the EIA: in the EIA leakage refers to the extent to which benefits associated with the development and manufacturing of devices are lost to Scotland: here the term is used to refer to carbon impacts associated with the use of devices manufactured in Scotland and exported. The carbon savings arising from exported goods have been accounted for separately in this assessment for the following reasons. 

· Without further knowledge of the target export markets we do not know the carbon savings per MWh generated (for example, whether the marginal generator in the importing country is a coal, gas or hydro plant). Nor do we know how the importing country would have spent their money had they not bought these devices, which complicates the calculation of deadweight. For example, the purchaser could have invested in another wave energy device, or indeed a more mature renewable technology which would yield even greater carbon savings: i.e. it is unclear whether the net impact of exported devices is negative or positive. Note that the EIA is not concerned with whether increased turnover for Scottish firms arises through the stimulation of additional demand for a product, or through displacement of supply which would otherwise have been satisfied by firms located in other countries – all the EIA considers is the increased output from Scottish firms and displacement of activity located in Scotland. In contrast, an estimate of the net global carbon impact of economic activity must also consider displacement of economic activity from firms located overseas. 

· Potential emissions savings resulting from exported goods are not covered in Scottish Government carbon targets, which are focused on GHG production within Scotland’s borders. Climate Change legislation also refers to the emissions associated with Scottish consumption, but not to emission savings realised overseas which are associated with goods and services produced in Scotland. 

B.11 An estimate of the GROSS carbon savings of exported devices was made by assuming: (a) 67% of additional devices are exported; (b) zero deadweight; (c) that emission savings per MWh from exported devices are the same as for devices located in the UK. 

B.12 Persistence: A methodological question which arose in considering this project was whether anticipated emissions savings across the lifetime of the device should be accounted for in the year of installation. The decision was taken to consider lifetime impacts, although we note that this magnifies both the size and uncertainty of the impact estimate, since the lifetime of early devices is itself highly uncertain.

B.13 Limitations on the available data meant that employment impacts were only calculated over three years, while impacts associated with revenue were calculated over ten years. This approach is inconsistent since the additional revenue generated over the ten year appraisal period will presumably be supported by additional employment. However, the significance of this inconsistency is likely to be small, since the projected carbon impact of the manufacturing and operation of the device will massively outweigh the carbon impact of employment.

B.14 Uncertainty: there are significant uncertainties inherent in the CIA for this project – in particular, those relating to Company growth forecasts and device persistence. A sensitivity analysis would help to highlight this uncertainty and could be incorporated in guidance for using the CIA model. This could build on the sensitivity analysis typically undertaken in the EIA.
B.15 SE’s share of carbon impacts: SE’s contribution to a project typically involves up-front capital expenditure (either direct funding or support in kind). In an economic impact assessment, SE typically claims a share of the benefits proportionate to their share of total public funding. This apportionment can be justified when benefits would not have been realised without funding from SE and other public sector bodies. However it would also be reasonable to apportion a share of project benefits to private funding, particularly for long-term benefits where private funding can massively outweigh SE’s original investment. 

B.16 In this project and for most of the projects below we have either followed the approach to apportionment used in the EIA or, where no EIA is available, the typical approach of apportioning benefits according to SE’s share of public funding (with a caveat regarding the RO noted above). However we note that this approach could significantly overstate SE’s influence on long-term carbon emissions.

Wellness and Health Innovation (WHI) project

B.17 Scottish Enterprise is providing funding for a Scotland-wide business development project that will support services to Scottish SMEs that are either in or interested in supplying products and services to the health and wellness market. The mission is to develop a growth pipeline of SMEs supplying the global health and wellness market. The services offered include: market intelligence and analysis; product development; facilitating collaborations; and providing corporate partners.

Major assumptions/limitations

· Assumptions have been made around the percentage of trips made by car and train, average distances travelled and number of journeys made

· It has been assumed that the travel profile for the subsequent 2 years activity will be similar to that profiled for year 1.

· We have applied a persistence factor of 3 years to the jobs created; in line with the 2009 BERR guidance for economic impact assessment

· Long-term impacts were estimated over a 5 year period in-line with the approach used in the EIA.

Table B-3  Impact parameters for the Wellness and Health Innovation project

	Parameter
	Value
	Comment

	Attribution
	57%
	SE funding is a share of the total public funds for the project

	Persistence
	3 years
	Following BERR guidance to RDAs for this type of intervention

	Optimism bias
	-
	We used the moderate growth scenario (scenario 3) from the three growth scenarios in the EIA.

	SE investment
	£1,074,000
	Cumulative investment from SE over 3 years.

	GVA attributable to SE 
	£10-15M
	Based on economic appraisal provided


Source: SQW

Findings

B.18 Long-term impacts, whilst difficult to estimate with any precision, greatly outweigh the impacts associated with project delivery. 

Table B-4  WHI carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Direct travel and accommodation impacts
	3 years
	39

	
	
	Employee energy use
	3 years
	13

	
	Indirect impacts
	Emissions from commuting and events
	3 years
	16

	
	
	Project delivery total
	68

	
	
	
	
	

	Long term
	Direct and indirect
	Not estimated
	-
	-

	
	Wider impacts
	Emissions associated with increase turnover of companies in this sector
	5 years
	3,700

	
	
	Long term total
	3,700


Source: SQW

Learning points

B.19 As in other projects, the long-term emissions associated with increased turnover of companies in this sector are significantly greater than the emissions associated with project delivery (PD). In part this reflects a disparity in the way long-term and PD emissions have been assessed for this project. The PD emissions estimate is a bottom-up estimate, incorporating direct energy use and commuting associated with employees in the target SIC. The long-term emissions estimate is the result of a top-down analysis which attempts to capture the direct, indirect and induced carbon emissions resulting from increased turnover in a company: this covers not only all of the activities in the target business, but also emissions associated with the goods and services it purchases from other sectors. This is more comprehensive than the approach used to estimate PD emissions and gives a more complete estimate of the likely emissions impact of the project. However, the resultant estimate has a higher degree of uncertainty (it is based on industry averages, not project specific) and it is very hard to characterise the nature and source of the associated emissions using the data available.

B.20 In other words, the scope of activities covered by the project delivery and long-term emissions is not the same. We could apply the same top-down impact estimate used in the long-term to SE’s initial funding: under this analysis £1,074,000 expenditure in the “Medical and precision instruments” product category leads to emissions of 608 tCO2e. This is significantly greater than the PD estimate, presumably because it captures many more sources of indirect and induced emissions. However it is still significantly smaller than the long-term estimate because the GVA impact of this project (even incorporating optimism bias) was estimated to be around 10:1.

B.21 There was insufficient information to include in the analysis carbon emissions resulting from the goods and services developed as a result of the projected increase in activity in the sector. The impacts could be positive – for example, innovations resulting in a reduced demand for hospital or GP visits – or negative – for example, increased emissions due to a resultant increase in at-home living at the expense of care-home living.

Chemical Sciences Scotland

B.22 Scottish Enterprise is providing funding support towards the development and delivery of communications support and activity for Chemical Sciences Scotland for 2009-2012. The objective is to develop communication activities to improve the perception of the Scottish chemical sciences sector and its impact by building greater interdependence within the sector which will create cluster benefits.

B.23 Funded activities include: PR Agency support; development of a newsletter; support for a number of events to be held in Scotland; and sponsorship funds. For this type of activity SE would not normally perform a full EIA.
Major assumptions/limitations

· Two sources of emissions were modelled: direct emissions from transport for SE staff and indirect emissions from event attendees.

· Assumptions have been made around the split of trips made by car or train; average distances travelled; and number of journeys made. 

· It was assumed that the profile of activities in 2010/11 and 2011/12 (which were not detailed in the approval paper) would be similar to the profiled year, 2009/10. 

· The project plan mentioned sponsorship for 3 international congress events in Central Scotland in 2011/12, but there was insufficient information available to calculate the potential carbon impact of these events. 

· An economic impact assessment was not available for this project so figures are based on gross data – i.e. the impact is not corrected for displacement, substitution, leakage and optimism bias.

Table B-5  Impact parameters for the Chemical sciences project

	Parameter
	Value
	Comment

	Attribution
	100%
	SE funding as a share of total public funds for the project

	Persistence
	3 years
	Occurring during the duration of the project

	SE investment
	£315,000
	Cumulative SE investment over 3 years (excludes prior investment)

	GVA attributable to SE 
	n/a
	Not calculated


Source: SQW (no economic impact assessment was available)

Findings

B.24 The total carbon impact calculated over the project lifetime is 82 tCO2e. This is likely to be an underestimate since a number of potential sources of emissions were excluded from the analysis. 

Table B-6  CSS carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Travel and accommodation of SE staff to funded and sponsored events
	3 years
	1

	
	Indirect impacts
	Emissions from delegates travelling to events
	3 years
	81

	
	
	Project delivery total
	82

	
	
	
	
	

	Long term
	Direct and indirect
	Not estimated
	-
	-

	
	Wider impacts
	Not estimated
	-
	-

	
	
	Long term total
	-


Source: SQW

Learning points

B.25 Since the direct activities funded under this project are not significant sources of emissions, it may be preferable to assess projects of this kind using a brief, qualitative carbon assessment (i.e. Carbon Assessment Lite) rather than perform a full quantitative analysis. 

B.26 However, the ultimate aim of the project is to stimulate an increase in output in the chemical sciences sector in Scotland. Should more information on the expected economic impact of the intervention become available – e.g. the estimated long-term impact on GVA in the chemical sector from this activity – then the associated carbon impact arising from increased industrial activity or improved efficiency in industrial processes could be significant (positive or negative).

European Seafood Exposition

B.27 Scottish Development International (SDI) provided financial support for Scottish seafood companies attending the European Seafood Exposition (ESE) in Brussels. The ESE is the world's largest seafood fair attracting buyers and sellers from over 140 countries around the world and featuring the stands of over 1600 exhibitors
. There were 19 Scottish companies exhibiting at the event. 

Major assumptions/limitations

· It was assumed that an average of 3 staff attended the ESE from each of the exhibiting companies. 

· Assumptions have been made around the percentage of trips made by car, train and air travel, average distances travelled and number of nights of accommodation required. 

· Insufficient information was available to complete an accurate estimate of the embodied carbon emissions within the SDI stand made for and transported to the ESE event. An approximate calculation suggests that this is likely to amount to approximately 10 tCO2e.

· Based on the schedule of costs and payments provided, the apportionment of impacts to SE is 34%; the remaining 66% of costs are assumed to have been met by Highlands and Islands Enterprise (HIE). 

· Expected impact on exhibiting companies’ turnover was an additional £1,000,000 in sales, based on self assessment by attending companies. We then applied a 50% optimism bias to these estimates.

· Emissions associated with this increase in turnover were estimated using average embodied emission factors for the fishing sector. However, the international nature of the event means that the emissions associated with the additional sales could be significantly higher than the industry average, which is likely to be biased towards domestic sales within Scotland.

· An economic impact assessment was not available for this project so figures are based on gross data.

Table B-7  Impact parameters for the ESE project 

	Parameter
	Value
	Comment

	Attribution
	34%
	Based on the schedule of costs and payments provided

	Persistence
	1 year
	

	Optimism bias
	50%
	

	SE investment
	£51,482
	Net costs – attending companies paid a fee

	GVA attributable to SE 
	n/a
	


Source: SQW (no economic impact assessment was available)

Findings

B.28 The total carbon impact calculated over the project lifetime is 270 tCO2e. The emissions from additional turnover dominate direct and indirect travel emissions.

Table B-8  ESE carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Accommodation and travel of SDI staff for the Brussels event
	Single event
	1

	
	Indirect impacts
	Accommodation and travel emissions  of delegates from exhibiting firms 
	Single event
	4

	
	
	Project delivery total
	5

	
	
	
	
	

	Long term
	Direct and indirect
	Emissions associated with additional turnover generated by companies attending the event
	1 year
	265

	
	Wider impacts
	Not estimated
	-
	-

	
	
	Long term total
	265


Source: SQW

Learning points

B.29 It can be misleading to compare the result of the turnover-based approach to measuring long-term emissions with the bottom-up approach used to calculate the impacts of project delivery. The former captures all sources of emissions in the supply chain – both in the UK and abroad – associated with the increase in turnover, and is based on average figures for expenditure within this sector: it includes emissions associated with (for example) energy used in the production and transport of goods, employee transport and the heating and lighting of commercial sites. The latter focuses on direct emissions from specific activities (in this case travel to a single event). 

B.30 A turnover-based estimate is always likely to be larger because:

· it covers more companies (i.e. companies in the supply chain for the assisted firms)

· it covers more activities (as far as possible, all activities associated with the provision of goods and services)

· it is based on a (potentially optimistic) estimate from the company of the impact of SE funding on their turnover.

B.31 However, the turnover-based estimate fails to account for differences between different companies or goods produced within the same sector. By assuming that every pound spent in a sector has the same emissions impact, it fails to reward measures a company might undertake to reduce their carbon footprint (and similarly fails to penalise high-emission activities within a sector).

Heathhall 

B.32 Scottish Enterprise is providing funding to acquire and service a site at Heathhall that will drive the formation of a business park in Dumfries to meet the needs of account managed companies, key industries and other growing businesses and potential inward investors. Build-out of the site by private investors is planned to continue over the period to 2020.

Major assumptions/limitations

· Insufficient data was available to calculate the carbon impact of land use change as a result of the construction work.

· A 10 year horizon (to 2020) has been used for ongoing impacts, in line with the economic impact assessment set out in the project approval paper.

· Ongoing impacts have only been calculated for Site A due to lack of certainty at this stage as to whether Site B will continue to development.

· It has been assumed that site development project is fully funded by SE, and that the subsequent unit development receives no public funding.

· Construction of units on Site A has been assumed to take place over 6 years (2 units becoming operational per year). Assumptions were made regarding the size and composition of units: only embedded emissions for steel building frames were included in calculations.

· A lack of information on potential future tenants means that the carbon impact of industrial activity and embedded emissions associated with increased turnover were not estimated (this level of information would not normally be available for an EIA).

· Details of the economic impact assessment were not available. Where possible, net figures arising from the EIA have been used – these should already be corrected for optimism bias, displacement etc.

Table B-9  Impact parameters for the Heathhall project

	Parameter
	Value
	Comment

	Attribution
	100%
	SE funding is providing the total funds for the project

	Persistence
	10 years
	

	SE investment
	£2.4m
	Assuming no additional public funding was received

	GVA attributable to SE 
	£8.2m 
	As at the end of Year 5 (2014)


Source: SQW: detail of the economic impact assessment were not available

Findings

B.33 The total carbon impact calculated in the period to 2020 is about 17,000 tCO2e. Emissions associated with site development are dwarfed by emissions associated with building unit construction and operation. 

Table B-10  Heathhall carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Site preparation phase: Plant emissions
	2 years
	120

	
	
	Site preparation phase: Portable accommodation
	2 years
	10

	
	
	Site preparation phase: Road building
	2 years
	105

	
	Indirect impacts
	Site preparation phase: Construction worker commuting emissions
	2 years
	90

	
	
	Project delivery total
	325

	
	
	
	
	

	Long term
	Direct and indirect
	Construction phase: Plant emissions from constructing buildings
	6 years
	1,800

	
	
	Construction phase: Emissions from portable site accommodation
	6 years
	60

	
	
	Construction phase: Construction worker commuting emissions
	6 years
	660

	
	
	Construction phase: Embodied emissions in unit construction materials (steel frame only)
	6 years
	8,060

	
	
	Operation phase: Office building heating and lighting
	5 years
	4,120

	
	
	Operation phase: Industrial building heating and lighting
	5 years
	1,210

	
	
	Operation phase: Employee emissions – commuting 
	5 years
	760

	
	Wider impacts
	Not estimated
	-
	-

	
	
	Long term total
	16,670


Source: SQW 

Learning points

B.34 Embodied emissions form half of all long-term emissions over the period considered (to 2020). However, emissions associated with energy use will persist beyond 2020 and will eventually dominate construction emissions unless low-carbon operating technologies and designs are incorporated.

B.35 Potential, but highly uncertain, emissions associated with future business activities carried out within the buildings were not considered (other than building heating and lighting). Including these could have a significant impact on the overall carbon impact of this project, particularly if the tenants include low-carbon businesses.

B.36 When using the model, it is important not to double-count building emissions and emissions associated with employment, both of which include energy for heating and lighting buildings.

Destination Edinburgh (DE)

B.37 Scottish Enterprise is providing funding to support the growth strategy for tourism in Edinburgh driven through the Edinburgh Tourism Framework for Growth (ETFG) 2007-2015. Destination Edinburgh specifically covers SE’s role in the delivery of ETFG between 2009 and 2012, and involved funding eight separate projects, with activities ranging from marketing support to conference development.

Major assumptions/limitations

· There was insufficient data in the documents available to determine the short-term impacts of project delivery with any precision. An estimate was made based on the goals to 2015 for tourism in Edinburgh as a whole (including a 20% uplift in overnight stays; a 10% increase in bed-nights for friends and family visitors; an increase in employment of 8,920; and an increase in GVA of £325 million) compared to the estimated increase in GVA arising as a result of SE funding (estimated to be about £3 million). It was therefore assumed that DE would contribute about 1% to the greater targets for Edinburgh tourism – i.e. a 0.2% uplift in tourism activity achieved by 2015.

· Emissions associated with increased tourism were principally derived from official statistics for tourism activity in Edinburgh and Lothians
. This gives figures for the number of visitors from Scotland, the UK and overseas, the type of accommodation they use, the number of nights they stay and their mode of transport. 

· It was assumed that 0.2% growth was realised by a linear increase in the number of tourists from all sources (Scotland, UK and overseas) from 2010 to 2015. Note that this will yield a high emissions estimate since some growth could also be accounted for by increasing the average length of stay for tourists rather than increasing tourism numbers (since accommodation emissions are typically smaller than travel emissions, particularly for overseas tourists).

· Emissions by type of accommodation were derived from international studies
. Transport emissions were derived from official statistics on visitor country of residence and mode of transport. The analysis was simplified by considering “typical” journeys for each jurisdiction: Scotland (Perth); rest of the UK (London); Europe (Berlin); USA (New York); Australia/NZ (Sydney); rest of the world (Singapore).

· An alternative estimate of carbon impact was also derived from turnover data, which was available from the Economic Impact Assessment for a subset of funded activity. The net increased turnover from the DE project, including displaced activity and multiplier effects, was assumed to fall entirely in the Hotel, Catering, Pubs etc sector, with emissions intensity of 0.6 kg CO2e/£ (at basic prices).

B.38 Project impact parameters were all taken from the Economic Impact Assessment, and are summarised in the table below.

Table B-11  Impact parameters for the Destination Edinburgh project

	Parameter
	Value
	Comment

	Attribution
	28.5%
	SE funding as a share of total public funds across all projects

	Persistence
	6 years

3 years
	For tourism impacts, assuming these build over time to contribute to the 2015 target

For employment impacts, following BERR guidance to RDAs for this type of intervention

	Optimism bias
	10%
	Following the EIA

	SE investment
	£1,1 million 
	

	GVA attributable to SE 
	£2.8 million
	


Source: Destination Edinburgh project economic appraisal

Findings

B.39 The total project delivery carbon impact is estimated to be 2,246 tCO2e. The long-term impact will be greater if the projected increase in tourism persists beyond the lifetime of the intervention. The wider carbon impact associated with the GVA generated by the project was separately estimated to be 1,114 tCO2e. This should not be added to the other long-term estimates, since this could involve double-counting emissions (e.g. those associated with tourist accommodation). 

Table B-12  Destination Edinburgh carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	None estimated
	-
	-

	
	Indirect impacts
	Energy use of additional employees within the target sector
	3 years
	316

	
	
	Commuting of additional employees within the target sector 
	3 years
	31

	
	
	Project delivery total
	347

	
	
	
	
	

	Long term
	Direct and indirect
	Additional tourist travel 
	6 years
	1,558

	
	Wider impacts
	Additional tourist accommodation 
	6 years
	342

	
	
	Long term total
	1,900


Learning points

B.40 The assumption in the turnover-based estimate that all additional expenditure would occur in the Hotels, Catering etc sector needs to be questioned. In addition to transport to and from Edinburgh (which us not fully captured in the economic appraisal), visitors are likely to spend money on entertainment and other services that fall outside this category. More importantly, the use of national benchmark data fails to account for differences between expenditure within each category or across tourist destinations, which could be significant. 

B.41 Additional information on the activities involved with delivering the projects would allow a more detailed estimate of direct and indirect emissions. SE Project Managers should have this information available when they are appraising a project and so will be in a better position to complete this assessment. 

B.42 Travel of tourists to and from Edinburgh is not captured in the EIA of the Destination Edinburgh project – for example, expenditure on flights with international airlines is outside the scope of the economic impact appraisal, which is focused on the economic benefits to Scottish companies. However, as shown above, additional induced travel could make a significant contribution to the carbon impact of the project, which has a wider scope than the economic impact.

Food and Drink packaging pilot 

B.43 Scottish Enterprise is providing funding to a food and drink packaging efficiency pilot project, in association with Waste & Resources Action Programme (WRAP) Scotland. The project will deliver a packaging efficiency implementation plan with recommendations for action for 10 participating companies in the Food and Drink sector, with the objectives of reducing costs, materials and waste in the supply chain.  

Major assumptions/limitations

· Only one product line will be assessed per participating company, and all participating companies will implement at least some of the recommendations provided to them. 

· Savings per company are based on publically available case studies highlighting successful examples of savings.  Whilst all participating companies will have areas where they can improve on packaging efficiency, it is not considered likely that every company will be able to make such successful adjustments, and some may ignore all the advice given to them that could lead to potential savings.

· In the nine case studies used to estimate potential carbon savings, the results varied from 2‑152 tCO2e/year. The average carbon saving was 46 tCO2e/year; a conservative value of 27 tCO2e/yr was used in this analysis.

· The persistence of resource efficiency varies widely between different measures: the Carbon Trust
 recommends persistence factors varying from 1.8 years for undisclosed “management measures” to 60 years for changes to the fabric of buildings (e.g. cavity wall insulation). Lacking any detail on the measures to be implemented, we assume a conservative persistence factor of 5 years for the measures implemented as a result of this project.

· Efficiency savings will lead to cost savings – an example of a £300k cost saving per year is estimated for one beneficiary company in the project approval paper. The company will do something with this money: perhaps they will purchase more of the resource that was saved; perhaps they will buy more of an unrelated product or service; perhaps they will increase staff pay or shareholder dividends. Each of these possibilities is likely to result in a “rebound effect” of increasing GHG emissions. Following draft Scottish Government guidance on carbon assessment for public sector bodies, a 15% rebound effect is assumed in this analysis, yielding an annual saving of 23 tCO2e/yr per beneficiary.

· Assumptions have been made around the percentage of trips made by car and train and average distances travelled.

· The full economic impact assessment was not available for this study (a full EIA would not normally be performed for a project of this scale). Where available, net figures have been taken from the project approval paper.

Table B-13  Impact parameters for the food and drink packaging pilot project

	Parameter
	Value
	Comment

	Attribution
	40%
	SE funding as a share of the total public funds for the project

	Persistence
	2 years

5 years
	Project delivery

Implemented resource efficiency measures

	SE investment
	£40,000
	Cumulative investment from SE over 3 years.

	GVA attributable to SE 
	n/a
	


Source: SQW

Findings

B.44 Estimated savings arising from this project significantly outweigh the travel-related emissions of the project.

Table B-14  Food and Drink carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Visits of SE-funded consultants to beneficiary firms
	2 years
	1

	
	Indirect impacts
	Not estimated 
	
	-

	
	
	Project delivery total
	1

	
	
	
	
	

	Long term
	Direct and indirect
	Emission reductions arising from improved resource efficiency
	5 years
	-460

	
	Wider impacts
	Not estimated
	-
	-

	
	
	Long term total
	-460


Learning points

B.45 The carbon savings arising from resource efficiency measures and their persistence varies widely depending on the measure in question, which in turn will depend on the beneficiary company. Some measures are capital intensive (e.g. purchasing new equipment), but can result in long-term savings, and can be more easily implemented at an early stage of capital investment. The carbon impact of this project could be estimated more precisely and maximised by targeting it at those companies that offer the greatest emission saving potential. 

Advanced Forming Research Centre

B.46 Scottish Enterprise is providing funding to establish an Advanced Forming Research Centre (AFRC) at Inchinnan, Renfrewshire. The building will house 30,000 sq ft of combined office, laboratory and industrial work space for engineering research with the objective of reducing manufacturing waste and associated costs, increasing manufacturing performance and delivering productivity gains in material forming processes.

Major assumptions/limitations

· Insufficient data was available to calculate the carbon impact of land use change as a result of the development.

· Insufficient data was available to calculate embodied emissions associated with capital equipment purchased for the AFRC.

· The construction period was assumed to be 12 months.

· A 10 year carbon impact period has been used, in line with the economic impact assessment. 

· Long-term emissions from research activity have been estimated on the basis of projected turnover.

· The economic impact assessment provided for this project was incomplete so gross figures were used to derive the long-term carbon impact. We therefore applied an optimism bias of 50% to projected turnover figures. 

Table B-15  Impact parameters for the AFRC project

	Parameter
	Value
	Comment

	SE Attribution
	100%
	

	Persistence
	10 years
	

	Optimism bias
	50%
	SQW estimate – optimism bias was not considered in the EIA

	SE investment
	£16 million
	

	GVA attributable to SE 
	£73 million
	Gross benefit


Source: SQW

Findings

B.47 Long-term emissions arising from forecast research activity significantly outweigh the direct and indirect emissions associated with construction.

Table B-16  AFRC carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	Construction phase: On-site emissions from construction plant
	1 year
	300

	
	
	Construction phase: Emissions associated with energy use of portable site accommodation
	1 year
	12

	
	Indirect impacts
	Construction phase: Emissions associated with construction worker commuting
	1 year
	110

	
	
	Construction phase: Embodied emissions in construction materials
	1 year
	434

	
	
	Project delivery total
	856

	
	
	
	
	

	Long term
	Direct and indirect
	Operational phase: GROSS Emissions associated with R&D expenditure channelled through AFRC
	10 years
	5,774

	
	Wider impacts
	Not estimated (although long-term carbon savings from forming and forging efficiencies and waste reduction are likely to be significant)
	-
	-

	
	
	Long term total
	5,774


Learning points

B.48 There were a number of potential methods for estimating the long-term carbon impact from operating the facility – for example: emissions based on building area derived from energy use of “typical” buildings of this type; emissions based on employment derived from benchmarks for “typical” employees in this sector. We selected the method which gave the highest long-term carbon impact – the emissions associated with projected turnover, based on typical emission figures for companies in this sector (including embedded emissions). This method is not ideal since the AFRC is a unique project and it is far from clear whether an average figure provides a fair estimate of the facility’s likely energy use and emissions.

B.49 However, as noted in previous examples, it can be misleading to compare the result of the turnover-based approach to measuring long-term emissions with the bottom-up approach used to calculate the impacts of project delivery.

B.50 Turnover projections in the EIA did not include an estimation of optimism bias. In the absence of further evidence, we assumed optimism bias of 50% in our calculation. We note that the result of the CIA – and indeed the EIA – is crucially sensitive to this assumption. The long-term carbon impact of successful commercialisation of research (should this occur) is impossible to estimate, but could potentially dwarf the initial carbon impact of undertaking the research. 

B.51 As with other projects considering the long-term carbon impacts, the figure provided here is a gross estimate. Whilst the EIA offers evidence that this research is additional to Scotland, no evidence is provided as to the extent to which this research is globally additional (the EIA is not intended or designed to perform a global assessment); were it not for AFRC the same research could have been undertaken by participating companies at facilities elsewhere in the UK or overseas. 

Power Up 

B.52 Scottish Enterprise is providing R&D funding support to Raytheon, a Scottish company involved in a national consortium (Power Up) developing lightweight and fuel-efficient aircraft and building up the UK technology & integration capabilities for the global aircraft manufacturing sector. 

Major assumptions/limitations

· Following the EIA document, the employment impact for the project is estimated to be a net four additional R&D jobs during project delivery and a further 18 safeguarded, high-value engineering jobs in the year following project delivery. 

· The impact of successful deployment of the technology developed in the Power Up project was estimated based on market projections from project participants. Note that this assessment goes beyond the analysis included in the EIA – no attempt was made to consider the impact of factors such as displacement and substitution on this estimate.

· Average annual fuel burn of a commercial aircraft is estimated to be 8,130 tonnes
. The fuel saving resulting from Power Up technology is estimated to be 3%.

· On average 600 planes per year take up the technology for 5 years following project completion. The share of this market attributed to Power Up is 10%, based on an estimate from the beneficiary.

· For this project, SE’s attribution of long-term savings was diluted by taking into account the private sector investment over the next five years – i.e. SE’s share = SE contribution / (total public funding and private capital expenditure).

· Insufficient data was available to estimate emissions resulting from manufacturing the newer, lightweight, aircraft components.  

Table B-17  Impact parameters for the power up project 

	Parameter
	Value
	Comment

	Attribution
	Jobs 25%

Long-term: 0.6%
	SE funding as a share of the total public funds for the project

SE’s share of the long-term impact is diluted by a significant amount of private sector investment

	Persistence
	3 years for jobs

5+20 years for products
	From economic impact assessment

From manufacturers estimate: 5 years of sales, 20 year product lifetime

	Optimism bias
	50%
	SQW estimate, applied to long-term market growth estimates

	SE investment
	£164,000
	

	GVA attributable to SE 
	£1,333,854
	5 year cumulative (from impact assessment spreadsheet)


Findings

B.53 There are, potentially, extremely significant long-term carbon emission reductions to be derived from this project. However there is considerable uncertainty surrounding future market growth projections. 

Table B-18  Power Up carbon impact summary

	
	
	
	Persistence
	tCO2e

	Project delivery
	Direct impacts
	None estimated
	-
	-

	
	Indirect impacts
	Energy use emissions, safeguarded jobs
	3 years
	7

	
	
	Commuting emissions, safeguarded jobs
	3 years
	3

	
	
	Project delivery total
	10

	
	
	
	
	

	Long term
	Direct and indirect
	Energy use and travel emissions - safeguarded jobs following project completion
	3 years
	264

	
	Wider impacts
	GROSS Emission reductions resulting from penetration of technology into aeroplane design leading to a reduction in fuel consumption
	5 years of product sales

20 years product  lifetime
	-14,000

	
	
	Long term total
	-13,912


Learning points

B.54 The estimate of long-term carbon savings resulting from this project is based on a combination of highly uncertain factors, including market penetration of the technology; attribution of market share to Power Up; attribution of benefits to SE; estimate of the persistence of the Power Up project. 

B.55 For this project, attribution of long-term savings was made on the basis of SE’s share of total investment (including private sector investment), rather than public funding alone. Using public funding only, the carbon savings would be 40 times greater. Note that this differs from the approach used in, for example, the wave power project described above: in principle, either approach can be justified, but the choice has a significant impact on the result (as it would for economic impact assessment, which did not consider such long-term impacts).

B.56 As with other projects considering the long-term carbon impacts, the figure provided here is a gross estimate. Whilst there is some evidence that Scotland can capture a share (10%) of the market for technologies similar to those developed under the Power Up project, no evidence is provided that Power Up will lead to additional demand for these technologies. In other words, in the absence of the Power Up project, most aviation companies would purchase similar technologies from other suppliers (e.g. those accounting for the other 90% of the market). Thus the net, long-term carbon savings arising from Power Up are very difficult to estimate, but likely to be far smaller than the gross figure presented above.

B.57 This project again highlights the difference between direct impacts – which are small, but can be estimated with a relatively high degree of confidence – and long-term impacts – which are potentially much greater, but highly uncertain. This reflects Einstein’s observation that “Not everything that can be counted counts and not everything that counts can be counted”. In building on this work SE will need to decide whether to focus on factors which can be counted but have little impact, or factors which have greater impact but can only be counted with difficulty.
Annex C: Carbon Assessment Lite questions

C.1 The table below outlines the questions asked in the Carbon Assessment Lite model.

Table C-1  Questions asked in the Carbon Assessment Lite model

	ID
	Topic
	Question

	Project Delivery – direct impacts

	1a
	Energy 
	Please assess the expected use of energy during the project delivery period 

	1b
	SE travel
	Please assess the travel and accommodation impact for SE staff and contractors in delivering the project

	Project delivery – indirect impacts

	2a
	External travel
	Please assess the likely impact of travel and accommodation by external parties including commuting 

	2b
	Embodied emissions
	Please assess any significant purchases of goods and services being financed by the project

	Longer term – direct and indirect impacts

	3a
	Carbon intensity
	Please assess the expected change in energy intensity from subsequent changes in operations, turnover or production efficiency

	3b
	Chemical reactions
	Please assess if the project will lead to any change in emissions from chemical reactions.

	3c
	Commuting
	Please assess the likely impact of travel emissions resulting from new employees commuting

	Longer term – wider impacts

	4a
	Renewables
	Will the project result in a reduction in the carbon intensity of the generation of electricity or heat?

	4b
	Energy demand
	Please assess the likely wider impact of the project on longer term changes in energy demand

	4c
	Resource efficiency
	Please assess the likely wider impact of the project on the use of materials and waste

	4d
	Transport
	Please assess the likely wider impact of the project on transport

	Other impacts

	5a
	Environmental Impacts
	Please assess any other significant environmental impacts arising as a result of this project.

	5b
	Social Impacts
	Please assess any other social impacts arising as a result of this project.


Source: SQW/SE
� Throughout this report the term “carbon impact” is used to refer to increases or decreases in greenhouse gas emissions. Carbon dioxide equivalent (CO2e) is a metric measure used to compare the emissions from different greenhouse gases (GHGs).


� � HYPERLINK "http://www.scotland.gov.uk/Topics/Environment/climatechange/scotlands-action/climatechangeact/publicsector" ��http://www.scotland.gov.uk/Topics/Environment/climatechange/scotlands-action/climatechangeact/publicsector� 


� SE Projects follow the PRINCE2 definition, being “a management environment that is created for the purpose of delivering one or more business products according to a specified business case”. Programmes cover a wider remit and may include a number of projects within them.





� � HYPERLINK "http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx" ��http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx� 


� Scottish Carbon Impact Pilots, Scottish Government Social Research, 2009


� � HYPERLINK "http://www.defra.gov.uk/environment/business/reporting/index.htm" ��http://www.defra.gov.uk/environment/business/reporting/index.htm�


� � HYPERLINK "http://www.scotland.gov.uk/Topics/Environment/climatechange/scotlands-action/climatechangeact/publicsector" ��http://www.scotland.gov.uk/Topics/Environment/climatechange/scotlands-action/climatechangeact/publicsector� 


� � HYPERLINK "http://www.defra.gov.uk/environment/business/reporting/index.htm" ��http://www.defra.gov.uk/environment/business/reporting/index.htm� 


� � HYPERLINK "http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx" ��http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx� 


� � HYPERLINK "http://www.ghgprotocol.org/standards" ��http://www.ghgprotocol.org/standards� 


� � HYPERLINK "http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx" ��http://www.decc.gov.uk/en/content/cms/statistics/analysts_group/analysts_group.aspx� 


� � HYPERLINK "http://www.ghgprotocol.org/" ��http://www.ghgprotocol.org/� 


� See the wave energy example in Annex A for a more detailed analysis.


� Although the Act includes provisions for the reporting of emissions associated with the consumption of goods and services in Scotland


� For example, the Electricity Generation sector covers both high-carbon fossil fuel and low-carbon renewable generation. 


� Such as the WRI GHG Protocol (due for revision in 2011), Defra’s guidance for company reporting of GHG emissions (based on the GHG Protocol), company GHG reporting under the CRC scheme and Scottish Government guidance on carbon impact assessment


� Note that this would require a distinction between emissions from the “traded” (i.e. emissions covered by the EU ETS) and “non-traded” sectors.


� Assuming a device weight of 700 tonnes and 10-40g of CO2 emissions per km for ship transport, the emissions associated with transporting a single device by sea from Glasgow to Boston (for example) would be 35-120 tonnes. Assuming: a grid intensity of 0.5 tCO2/MWh; a capacity factor of 30%; and a device capacity of 2.4 MW; this would be equivalent to the carbon savings realised through operating the same device in Scotland for less than two weeks.


� � HYPERLINK "http://www.berr.gov.uk/files/file54095.pdf" ��http://www.berr.gov.uk/files/file54095.pdf� 


� Scottish Enterprise (2008) Economic Appraisal guidance Note, pg 7


� Carbon savings arising from renewable electricity generation are assumed to displace the marginal grid mix of 0.43 tCO2/MWh: e.g. see � HYPERLINK "http://efficient-products.defra.gov.uk/spm/download/document/id/759" ��http://efficient-products.defra.gov.uk/spm/download/document/id/759�  


� � HYPERLINK "http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/policy/renew_obs/renew_obs.aspx" ��http://www.decc.gov.uk/en/content/cms/what_we_do/uk_supply/energy_mix/renewable/policy/renew_obs/renew_obs.aspx� 


� Source: communication with the Company


� � HYPERLINK "http://www.berr.gov.uk/files/file54095.pdf" ��http://www.berr.gov.uk/files/file54095.pdf�


� � HYPERLINK "http://www.euroseafood.com/10/public/enter.aspx" ��http://www.euroseafood.com/10/public/enter.aspx� 


� � HYPERLINK "http://www.edinburgh.gov.uk/internet/Attachments/Internet/Business/Economic_development/Edinburgh_Visitor_Survey_2004-2005_(PDF,_1.16_mb).pdf" ��http://www.edinburgh.gov.uk/internet/Attachments/Internet/Business/Economic_development/Edinburgh_Visitor_Survey_2004-2005_(PDF,_1.16_mb).pdf� 


� � HYPERLINK "http://sutour.ier.uni-stuttgart.de/englisch/downloads/sutour_lores_en.pdf" ��http://sutour.ier.uni-stuttgart.de/englisch/downloads/sutour_lores_en.pdf� 


� HYPERLINK "http://www.sciencedirect.com/science/article/B6VFV-475R4XJ-5/2/b3f39e0541af592bae51d91a722e36b6" ��http://www.sciencedirect.com/science/article/B6VFV-475R4XJ-5/2/b3f39e0541af592bae51d91a722e36b6� 


� � HYPERLINK "http://www.carbontrust.co.uk/SiteCollectionDocuments/marketing/Persistence-Factor-Model-Taxonomy.pdf" ��http://www.carbontrust.co.uk/SiteCollectionDocuments/marketing/Persistence-Factor-Model-Taxonomy.pdf� 


� � HYPERLINK "http://www.icao.int/Highlevel2009/Docs/HLMENV_IP004_en.pdf" ��http://www.icao.int/Highlevel2009/Docs/HLMENV_IP004_en.pdf� 
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