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1. INTRODUCTION 

The Climate Change (Scotland) Act 2009 places new responsibilities on the public 
sector, business, industry and the community generally.  Not least are the ambitious 
targets to reduce national carbon emissions by 42% by 2020 and 80% by 2050, and 
the statutory framework of annual emissions targets.   

The Act also places duties on public bodies (from 2011) which include; 

“to act in the way best calculated to contribute to delivery of the Act’s 
emissions reductions targets”. 

Transport Scotland, the executive agency of Scottish Government responsible for 
strategic road and rail transport, has been planning its response to climate change for 
two years; including the establishment of a Climate Change Steering Committee which 
is chaired by the agency’s Chief Executive.   

An internal Climate Change Action Plan (CCAP) was developed for the 2008-11 
spending review period; providing a framework for climate change mitigation and 
adaptation activities, with progress monitored by the Steering Committee.   

Externally, the agency’s 2008-11 Corporate Plan clearly sets the policy intention, 
stating; 

“we are committed to ensuring, at every level, at every stage, in every project, 
that climate change mitigation and adaptation considerations are embedded in 
our decision making processes.” 

Transport Scotland is tackling sustainability and climate change in an integrated 
manner.  The key to emissions reductions is through focusing on core responsibilities 
for infrastructure projects, trunk road maintenance and operations, and working with 
stakeholders to encourage sustainability industry wide.  

Early work in planning climate change responses was complemented in 2008 with a 
thorough analysis of sustainability in Transport Scotland’s design, procurement, 
construction and maintenance procedures.  This Sustainability Review, and the early 
actions progressing from its recommendations, underpin much of the mitigation and 
adaptation activity now being taken forward. 
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This includes the development of a Carbon Management System (CMS), which will 
be used to provide a consistent means of measuring and reporting carbon emissions, as 
well to drive carbon efficiency in projects.  CMS development has followed 
established measurement protocols (see Sections 3&4), ensuring that the approach 
dovetails with other carbon assessment work taken forward by Scottish Government, 
for example, forthcoming guidance on assessing the carbon implications of policy 
options. 

Much of the work undertaken has helped build the knowledge base on sustainability 
and the means to measure and support emissions reductions in all areas.  The focus 
going forward for Transport Scotland is now to deliver sustained carbon and efficiency 
benefits, to use non-renewable resources more effectively and to encourage 
sustainability across all aspects of the organisation. 

The statutory emissions targets for 2020 and 2050 will require sustained effort and a 
step change in our responses, and Figure 1 provides a visual representation of what 
these targets imply for the delivery of our projects, maintenance and operations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Carbon Targets and Reducing the Footprint  
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Whilst the detail of how these challenges will be met has yet to be worked through, a 
programme of integrated sustainability and climate change work will be required, as 
Transport Scotland may in the future be required to: 

• deliver against specific emission reduction targets; 

• assess the carbon impacts of spending decisions in line with emerging 
methodology; 

• align procurement procedures with the Scottish Sustainable Procurement 
Action Plan; 

• provide periodic reports to Scottish Government on carbon emissions and 
climate adaptation. 

Over the next few years a broader sustainability programme will be progressed, 
aligned with the framework established by the agency’s internal CCAP.  The agency is 
already responding to a number of Sustainability Review recommendations on the 
design stage of projects, to ensure that opportunities for sustainability in 
infrastructure are identified early in the process.   

By addressing climate change as part of a wider sustainability and efficiency agenda 
we believe that clearer messages about climate change can be communicated to our 
staff, stakeholders and supply chain, and that we can help to realise the Scottish 
Government’s overall purpose of achieving sustainable economic growth. 

This paper provides an introduction to the CMS; covering the procedural and 
technical approach to its development, preliminary results from a pilot exercise and 
some consideration of likely implementation requirements. 
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2. DEFINING THE CARBON FOOTPRINT BOUNDARY 

At the start of the carbon management process, the agency defined the organisational 
boundaries for its ‘carbon footprint’.  This was based on the range of activities 
delivered by Transport Scotland and the influence of the various business directorates.  

The result is illustrated by Figure 2 which defines the ‘core’ footprint, for which the 
agency has direct financial and contractual control, and a secondary footprint where 
there is an indirect or policy influence over activities and organisations, but whose 
emissions are excluded from the scope of current carbon management activity. 

 

 

 

Subsequently, the CMS focuses on the core footprint; however, the agency is 
cognisant of the indirect influencing role it plays, for example through: 

• Communicating and contracting with the construction, transport and facilities 
management sectors; 

• Contributing to trunk road and rail policy, for example in relation to intelligent 
traffic systems and use of road space; 

• Its statutory relationships with the rail regulator (Office of Rail Regulation) 
and asset manager (Network Rail). 
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Figure 2 Transport Scotland Carbon Footprint Map – Organisational Boundary 
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Throughout the Sustainability Review, the agency has communicated with its 
stakeholders and supply chain to raise awareness of its carbon management work and 
to encourage involvement.  Once CMS has been embedded within the core activities, 
further opportunities to address areas of indirect influence will no doubt be pursued.  

This will require close working with those responsible for transport policy 
development, to ensure that the focus of carbon reduction activity follows the 
priorities established in Scottish Government’s 2009 Climate Change Delivery Plan 
and the Statutory Policies and Proposals report, expected later this year. 

Whilst the allocation, trading and pricing of emissions is likely to change with time, as 
fiscal and regulatory schemes develop, the focus of the work to date has been to 
provide a robust foundation for carbon measurement and reduction which can be 
adjusted, as required in future, as responsibilities and priorities change. 

Regardless of the allocation of carbon emissions in national inventories, industry 
sectors and trading schemes, our approach to date has been at the organisational level.  
Therefore, it has not been necessary to be concerned with the extent to which the 
agency’s emissions are within the traded sector1, nor have we limited ourselves to 
considering only direct emissions of energy use (see Section 3).   

Instead, the agency has taken a pragmatic view of its emissions, on the basis of the 
activities and duties it is required to execute on behalf of Scottish Ministers.  The 
result is that the carbon footprint has been scoped across the range of project, 
maintenance, franchising and asset management functions the agency performs.  It has 
been an important discipline throughout the process to remain focused on the main 
purpose of these activities; that is, to inform a programme of carbon reduction.   
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3. APPROACHING CARBON MEASUREMENT 

The objectives of the CMS are akin to that of a quality or environmental management 
system – a system that allows and embeds consideration of carbon impacts 
throughout all levels of the organisation.  The CMS will enable consistent carbon 
reporting across the agency’s corporate, operational, maintenance and project delivery 
activities.  The ultimate aim is to use the data collected to better inform project 
appraisal and design decisions, and to help deliver more carbon efficient operations. 

 

3.1 Best Practice Review 

The preliminary stages considered best practice guidance for carbon footprinting, 
reporting and lifecycle assessment, as well as other currently available tools.  As such, 
the following sources were reviewed to inform the CMS development: 

• World Resources Institute (WRI) – The Greenhouse Gas (GHG) Protocol: A 
Corporate Accounting and Reporting Standard (2004); 

• BS ISO 14064 Greenhouse Gases (2006); 

• PAS 2050 – Specification for the Assessment of the Life-Cycle Greenhouse 
Gas Emissions of Goods and Services (2008); 

• The Carbon Trust Standard; 

• Highways Agency Carbon Accounting Framework (2008-09); 

• Environment Agency Carbon Calculator for Construction Activities (2006); 

• Waste Resources Action Programme (WRAP) CO2 Estimator Tool (2006);and 

• WRAP Aggregain and Net Waste Tools (2008). 

Each of the tools reviewed, and the CMS, source standard emission conversion factors 
from: 

• DEFRA Greenhouse Gas Conversion Factors for Company Reporting (2008-
09); and 

• University of Bath, Inventory of Carbon & Energy (ICE) Database version 
1.6a (2008-09). 

 

3.2 The CMS Development Framework 

The WRI GHG Protocol Corporate Standard recommends a staged process to carbon 
measurement, as outlined in Figure 3 below.  Steps 1 and 2 include identifying 
business goals and setting organisational boundaries (described within Sections 1 and 
2), and later steps include mapping where and how identified emissions sources 
should be defined against what are known as Scope 1, 2 or 3 emissions, to inform and 
set the operational boundaries. 
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3.3 Scoping In – Defining the Scopes 1, 2 and 3 

The WRI GHG Standard defines Scope 1, 2 and 3, emission sources as: 

Scope 1 the direct emissions from the combustion of fuels in stationary and 
mobile sources, such as gas, oil or coal for direct power generation or 
fuel use in company fleets.  Scope 1 emissions must be reported to 
meet the required standard. 

Scope 2 the indirect emissions from the generation of purchased energy, such as 
grid supplied electricity.  A standard UK mix for purchased energy 
must be used for any emissions calculations.  Scope 2 emissions must 
be reported to meet the required standard. 

Scope 3 all other indirect emissions associated with the supply and delivery of 
an organisation’s business and products.   

Scope 3 supply chain and life cycle emissions are recognised as being the most 
difficult to measure and are at the discretion of the reporting organisation.  They can 
be significant however, and to comply with the standard the reporting organisation 
must be transparent on what is being included.  Figure 4 provides an overview of the 
Scopes as defined by the WRI Standard. 

 

 

 

 

Figure 3 Framework for CMS Development 
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3.4 Operational Boundary Mapping  

Table 1 provides a mapping summary identifying which of Transport Scotland’s 
activities falls within the consideration of each of the respective GHG reporting 
scopes.  This exercise helped define the operational boundaries and the development 
of the CMS tools. 

The analysis demonstrates that Transport Scotland’s Scope 1 and 2 reporting 
requirements are limited to corporate activities (office utilities and company vehicles) 
and network energy consumption (trunk road lighting, signals, etc.).  The majority of 
activities, relating to infrastructure construction, maintenance and operations fall 
within Scope 3.   

These activities, whilst sourced and managed by Transport Scotland, are delivered by 
the agency’s supporting supply chain.  Therefore, the Scope 3 footprint requires that 
the supply chain report elements of their own Scope 1, 2 and 3 consumption data. 

The summary also points to the level of supply chain engagement, and structured data 
management, required to develop a realistic understanding of the carbon impacts 
related to Transport Scotland’s spending activity. 

 

Figure 4 WRI GHG Protocol Corporate Standard Scopes  
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Table 1 Mapping the GHG Scopes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scope 3  – Supply Chain  
TS Annual Footprint Area  Scope 1  Scope 2  

Scope 1  Scope 2  Scope 3  

TS Corporate       

TS Utilities  Gas Electric     

TS Business Travel    Fuel & Electric  

TS Staff Travel (Commuting)    Fuel 

Traffic Scotland & Network Lighting       

Network Energy   Electric     

Traffic Scotland Maintenance    Fuel   

Operating Companies (x4 areas)       

OC Office & Depot Utilities    Gas Electric   

OC Fuel (by type)    Fuel   

Cyclic & As of Rights Activity (x 4 OCs)       

Subcontractors Fuel (plant)    Fuel   

Materials    All scope 3  

Material transport    Fuel   

Waste    All scope 3  

Waste transport    Fuel   

NMD Works Contracts       

(Sub) Contractors Fuel (plant)    Fuel   

Materials    All scope 3  

Material transport    Fuel   

Waste    All scope 3  

Waste transport    Fuel   

DBFO (x2 at present)       

DBFO Office & Depot Utilities    Gas Electric   

DBFO Fuel (by type)    Fuel   

Subcontractors Fuel (plant)    Fuel   

Materials    All scope 3  

Material transport    Fuel   

Waste    All scope 3  

Waste transport    Fuel   

ScotRail Franchise       

Office & Depot Utilities    Gas Electric   

Station Utilities    Gas Electric   

Fuel (by type)    Fuel   

Traction Energy    Fuel Electric   

Major Project Delivery (Road & Rail)       

(Sub) Contractors Fuel (plant)    Fuel   

Materials    All scope 3  

Material transport    Fuel   

Waste    All scope 3  

Waste transport    Fuel   
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4. DEVELOPING THE CARBON MANAGEMENT SYSTEM (CMS)  

The Scottish Government’s Climate Change Delivery Plan recognises the benefits of a 
consumption based approach when discussing how carbon emissions are measured;  

“The most accurate way of measuring Scotland's carbon footprint would be 
to look at the emissions associated with its consumption of goods and 
services.  While a consumption-based approach to measurement might be 
preferable, data are not yet sufficiently available or robust to use the 
consumption-based approach consistently.” 

The CMS is intended to meet this need for Transport Scotland, by providing a 
consistent basis for measurement and reporting across the supply chain.  This will 
enable analysis of consumption related to specific activities and transparent 
consideration of the benefits related to spending on reduction efforts in particular 
areas. 

Figure 5 outlines this bottom-up approach to carbon measurement, demonstrating that 
activity or consumption level data provide a more robust system for reporting or 
modelling emissions.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additional benefits include: 

• improving the accuracy of carbon reporting; 

• more effective identification and assessment of reduction opportunity; 

• clearer understanding of impacts associated with core activities and variable 
services; 

• the supply chain becomes directly involved with in influencing reductions; and  

Figure 5 Carbon Measurement Hierarchy 
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• after a period of data collection, assumptions and models based on financial, or 
top-down, approaches can be refined, improving confidence. 

Following on from the Scopes analysis, Figure 5 also indicates that the CMS consists 
of: 

1. An Annual Carbon Account 

• A carbon accounting framework designed to quantify the carbon impact of 
activities and operations across Transport Scotland’s remit and principal 
supply chains. 

2. Carbon Footprinting Tools for use on Road and Rail Projects 

• These tools provide functionality at both design and construction stages; 

• Design – compare options on materials to consider influence on carbon through 
use of alternative materials, and savings associated with reuse and recycling; 

• Construction – record measured quantities to produce a reportable project 
footprint that can be added to the Annual Carbon Account. 

The tools are capable of converting a wide range of raw consumption data to a carbon 
impact, measured in tonnes of carbon dioxide equivalent (tCO2eq) and otherwise 
referred to as ‘carbon’.   

The CMS tools will enable analysis on transportation effects, recycled content in 
materials and energy use on the network and in rail services.  They will also enable the 
benefits of reduction options to be compared, realised and reported following 
investment in preferred alternatives. 

 

4.1 Design of the CMS Annual Carbon Account 

The Annual Carbon Account is a master file into which directorate, supply chain and 
project specific datasets, are pooled to provide a combined annual footprint measure.  

Figure 6 is from the front page of the Account, where each of the footprint descriptors 
are active buttons that take the user 
directly to the relevant data entry 
pages. 

Figure 7 shows two pages from the 
Annual Account.  The first 
structures the Scopes mapping into 
a data tree, highlighting the data 
requirements for the Trunk Road 
Network Maintenance Directorate 
(TRNMD) and its immediate 
supply chain.   
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The second page demonstrates the data required, in this case purchased fuel for the 
TRNMD Operating Companies.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 CMS Screenshot, Annual Carbon Account  

Figure 6 CMS Annual Carbon Account 
Front Page Screenshot 
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Navigation between pages is managed by clicking on the relevant ‘tabs’ at the top of 
the page and each aspect of the core footprint, as discussed in Section 2, is addressed.  
Figure 8 provides an overview of the corporate, operational, project (highlighted by 
dotted lines) and principal supplier datasets that the Annual Account will collate.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Through the use of tailored data templates, CMS will allow annual and periodical 
reporting and analysis at the Corporate and Directorate levels, as well as at the data 
supplier levels. 

 

4.2 Design Principles for the CMS Projects Tools 

The University of Bath Inventory of Carbon and Energy (ICE) database provides 
‘Cradle to Gate’ embodied carbon conversion factors for a wide range of materials.  
This is where the energy and material inputs involved in extraction and processing are 
calculated up to the point where a product leaves the quarry or factory gate.   

From that point, the emissions associated with the transport of materials to site, plant 
fuel use on site and the transport of wastes from site will be captured and calculated 
using the CMS Projects Tools.   

Figure 8 CMS Annual Account Preliminary Datasets  
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The typical infrastructure life cycle, from obtaining raw materials through 
construction, use and maintenance and onto reconstruction or decommissioning 
phases, is demonstrated by Figure 9.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Both the CMS Road and Rail Project Tools have been developed for use at design and 
construction stages and are able to calculate the: 

• embodied carbon within materials brought to a worksite;  

• carbon savings associated with recycled material contents; 

• emitted carbon associated with fuel combustion in materials transportation; 

• emitted carbon due to on-site plant fuel combustion; and 

• the emitted carbon associated with waste transportation. 

For example, design data on materials, quantities and dimensions will provide initial 
estimates for the embodied carbon.  As a scheme is procured and moves through 
outline, specimen and detailed design stages, the level of detail available on materials 
and transportation will improve, allowing a more refined and accurate footprint 
estimate. 

At construction stage, estimates can be reviewed against on-site data on actual material 
quantities, delivery distances and plant fuel consumption.  Comparison between 
actual construction quantities and design estimates will then help refine and improve 
the tools. 

Figure 9 Typical Infrastructure Life Cycle 
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4.3 The CMS Road Projects Tool 

The CMS Road Tool uses the ‘Series Numbers’ from the Specification for Highways 
Works (SHW), as the basis for breaking out the various elements of a road project.  
Figure 10 highlights the CMS ‘Method of Measurement’ (MoM) page, providing a 
detailed list of dimensions and assumptions for a range of items typically used in road 
projects.  The SHW Series Numbers are presented as a row of active tabs at the top of 
the page and the user clicks on the required tab to open the relevant CMS datasheet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ‘Emission Factors’ tab provides detailed tables of carbon conversion factors for 
materials and fuel types which, when considered in conjunction with the MoM pages, 
provides full transparency on the resultant carbon values derived by the tool.   

Figure 10 CMS Roads Tool Method of Measurement Page 
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On road projects, the bulk of materials and plant fuel consumption will typically be 
quantified under ‘Series 600: Earthworks’, ‘Series 700: Pavements’ or ‘Series 1700: 
Structural Concrete’.  These series include the design of structures and road pavement 
layers, the selection of asphalts and alternatives, the consideration of material 
durability and opportunities for recycling and reuse of materials and any associated or 
specialised plant requirements.   

Figure 11 provides an example of the completed CMS data fields under Series 700: 
Pavements, from one of the CMS pilot schemes and should be read as follows: 

1. Design data on material depths and surface areas (or volumes) are entered using 
drop down menus for road layers and material types; 

2. Density and embodied carbon factors are applied to provide an estimate of 
material tonnages and tonnes of CO2eq;   

3. The tool allows the benefits of both the reuse of materials on site and recycled 
content within new materials to be captured and reported; 

4. Materials data cascades to the table below, where the user enters transport 
distances between the supplier and the site;  

5. This provides an estimate of materials and transport carbon; 

6. Construction stage data from plant returns are added to develop a plant fuel 
use impact; 

7. The input tables are totalled, providing a Series 700 footprint, as shown in the 
headline bar below the SHW Series buttons.   

 

Figure 12 highlights the CMS ‘Project Emissions Summary’ which collates each of the 
SHW Series pages into one table summarising the carbon impacts of materials, 
transport and plant.  The table also highlights the relative benefits of material re-use 
and recycled contents.   

These benefits can be assessed at design stage; however, as the final selection of 
materials and processes is left to the contractor, they may not be realised unless the 
contract provides some incentive or requirement on carbon optimisation.  

Future project and maintenance contracts will therefore require inclusions on carbon 
data provision and the completion of a construction stage and final, reportable 
footprint measure.   
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 Figure 11 Series 700 Screenshot –Materials, Transport & Plant Data 
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4.4 CMS and other Carbon Calculators 

Transport Scotland requires a carbon management system that can be applied 
consistently across all operations and activities. However, some concerns have been 
raised by suppliers over the number of distinct carbon calculators which may have to 
be used to meet different client requirements. 

The CMS currently uses embodied carbon values taken from Defra and the University 
of Bath ICE database, which is consistent with the Highways Agency (HA) Carbon 
Reporting Framework, the Environment Agency (EA) Construction Calculator and 
WRAP tools.  An early review of these tools recognised that as Transport Scotland is 
involved with rail services, the HA framework is not fully applicable and, as 
operational and maintenance activities need to be considered, then the EA and WRAP 
calculators are not fully suitable either.   

The Highways Agency and TRL have recently released an asphalt pavement 
embodied carbon tool (asPECT) which considers life cycle energy inputs for different 
asphalt materials and producers.  This will allow greater differentiation between 
products and suppliers, and is preferable to the use of a single embodied carbon factor 
for all asphalts, as is the current situation with the ICE database.  Similarly, the Road 
Surface Treatments Association (RSTA) and its members are working on a tool to 
calculate embodied carbon for proprietary surfacing materials, to inform energy 
efficiency and enable greater differentiation. 

Figure 12 CMS Screenshot – Project Emissions Summary Page 
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Both the asPECT and RSTA tools will require detailed energy and data inputs from 
manufacturers to enable the calculation of bespoke ‘cradle-to-gate’ emissions factors, 
in line with the PAS2050 Life Cycle Analysis standard.   

Following independent verification, the resultant embodied carbon factors can easily 
be added to the CMS data tables and material drop-down menus, as outlined in Figure 
13.  Bespoke emission factors will only improve the accuracy of the CMS, and those 
organisations with carbon efficient processes and materials will have a competitive 
advantage, especially when materials differentiation is combined with consideration of 
transportation impacts and local sourcing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Linking CMS with Other Tools 
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5. PILOTING THE CMS 

To inform the implementation of CMS, a piloting process involving each of the four 
Trunk Road Network Management Operating Companies (OC) and Works 
Contractors was initiated to: 

1. Trial the use of the CMS Road Projects Tool on a range of Works Contracts to 
investigate data supply issues between contractors and Operating Companies. 

2. Test the robustness and application/ use of the tool in real delivery 
environments. 

3. Evaluate feedback from contractors and the Operating Companies on: 

• recommended improvements to the tool;  

• reporting protocols; and  

• defining effective roles and responsibilities for future implementation 
and full roll-out of the tool. 

4. Advise consideration of the contractual processes and procedures required to 
enable rollout on major projects. 

 

5.1 CMS Roads Tool Pilot Activities  

Five Works Contract schemes, outlined in Table 2, were selected for the CMS Pilot.  
Instructions for data collection and completion of the tool were included within the 
contract documents, and pre-start briefing sessions were held with each of the works 
contractors. 

 

Table 2 CMS Pilot Schemes 

# Scheme Description 
1 Central Belt Motorway – 1.25km Inlay Works 

2 Urban Trunk Road – 0.7km Resurfacing Works 

3 Central Belt Motorway – 1.6km Reconstruction & Inlay Works 

4 Central Belt Motorway – 2.9km Inlay & Partial Reconstruction Works 

5 Rural Trunk Road – 2.7km Overlay and Widening Works 

 

Figure 14 outlines the CMS Roads Tool data requirements at the construction stage.  
Contractors were asked to collate data on material deliveries, plant fuel and waste 
arisings and submit these to the Operating Company Responsible Engineer on a 
weekly basis.   

The OC was then asked to complete the CMS input pages and provide feedback on 
the use of the tool, the data management process and any improvement 
recommendations. 
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5.2 Pilot Findings 

Four schemes have completed under the pilot, with preliminary carbon quantities and 
relative percentage results shown in Table 3.   

 

Table 3 CMS Pilot Schemes – Preliminary Results 

 

 

 

 

 

 

 

 

 

 

Figure 14 CMS Project Data Requirements 
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Figure 15 provides a visual representation of the results from Table 3 and Figure 16 
demonstrates the relative percentages of the total calculated carbon for each scheme.   

It should be stressed that as these figures are derived from the pilot version of the 
CMS, they are therefore indicative only. 
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Variation between schemes can be due to a number of factors including works and 
material types, location and proximity to suppliers and the on-site processes 
involved.  These variations highlight the need for effective data management, to ensure 
that each scheme is reporting fully, and a need for clear data quality and audit 
requirements for CMS implementation. 

As none of the pilot schemes reported any recycled content in materials, no benefit 
could be applied at this stage; however, Table 3 does consider the potential carbon 
savings associated with recycled content in pavement materials.   

The analysis assumed 10% recycled content by mass in surface layer materials, 40% 
in base and binder layers and 50% in sub-base aggregates.  This preliminary analysis 
suggests that 15-30% carbon savings could have been realised on these schemes 
through the use of recycled material alone. 

 

5.3 Scenario Analysis – Effect of Transportation 

Pilot scheme results suggest that 60-80% of the footprint is due to embodied carbon 
within the materials used and, in most cases, a single (principal) supplier will provide 
the majority of surfacing products.  However, material transportation can have a major 
influence and is dependent on the distance involved from source to site.  To illustrate 
this point, Table 4 summarises three hypothetical small project scenarios modelled 
using the CMS Roads Tool: 

1. Full reconstruction option (~4700 tonnes of materials) 

2. Drainage scheme option (~460 tonnes of materials) 

3. Resurfacing option (~750 tonnes of materials) 

The scenarios considered increasing transportation distances from 10 – 25 – 50 – 100 
– 200 – 300 miles.  In each case, as the transport distance exceeds 50 miles, the 
associated transportation carbon impact grows beyond 40-50% of the total carbon, 
and as the distance approaches the 300 mile range, the embodied carbon in materials 
accounts for only 15-20% of the total (in the examples considered).  The analysis 
confirms that for a fixed mass of materials, every extra mile travelled increases the 
relative proportion of carbon due to transportation, and the results are demonstrated 
by Figure 17.  

As Transport Scotland moves forward with carbon management, opportunities to 
realise carbon reductions may become limited with respect to materials used on the 
network; however, logistical improvements, for example more local sourcing and use 
of local suppliers, could provide multiple sustainability benefits, both in terms of 
carbon management and supporting local industry.   
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Table 4 CMS Scenario Analysis – Effect of Transportation 
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Figure 17 CMS Scenario Analysis – Effects of Transportation 
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6. EVALUATING THE PILOT AND IMPLEMENTATION ISSUES 

Figure 18 illustrates Transport Scotland’s project delivery cycle and the anticipated 
influence of the CMS; which is expected to help set realistic targets, measure progress 
and influence the asset development and management cycle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Following the pilot, a period of analysis and evaluation of feedback will be required to 
inform: 

(1) recommendations for a full implementation plan; and,  

(2) the speed and extent to which rollout of the tools may begin during the 2010-11 
financial year.   

Implementation is still subject to further evaluation by the agency and agreement with 
the Transport Scotland Board. 

 

6.1 Embedding CMS in the Delivery Cycle 

As a key construction client, Transport Scotland carries significant influence through 
its project and maintenance contracts.  Preliminary feedback suggests that the tools are 
easy to use; however, data requirements need to be clearly specified in contractual 
agreements, to enable suppliers and contractors to consider effective resourcing and 
pricing for carbon data management and reporting activities. 

The earliest stages of implementation require that effective procedures and guidance 
on CMS data requirements and responsibilities are introduced to address: 

• Data Collection and Data Quality; 

Figure 18 CMS Influence on Transport Scotland’s Delivery Cycle 
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• CMS Completion; 

• Reduction Opportunity Analysis;  

• Carbon Reporting and Feedback; and, 

• Data Audit to support future accreditation. 

Such requirements will encourage suppliers to refine their own data systems; to bring 
together existing data that may be being used for costing, invoicing and estimating 
purposes, and not yet specifically for that of carbon reporting and analysis.   

CMS must be written into design consultancy agreements, PQQ and tender 
documents as well as construction contracts.  There will therefore be a period where 
projects currently under negotiation and in construction stages are exempt, as the 
CMS was not included within the original tender.  These requirements also need to be 
introduced to franchise and OC contracts; therefore a phased implementation is likely 
as existing contracts are renewed.   

There maybe instances where contractors are willing to adopt CMS on a voluntary 
basis, in order to gain early appreciation of the likely systems requirements, and to 
align with their own carbon and sustainability aspirations. 

At the outset of implementation, it is likely that CMS carbon data will be included as 
a straightforward reporting or quality requirement, and not as a priced or incentivised 
element.  Later phases of implementation could bring in incentives for carbon 
reduction; however, these will necessarily only be after a period of full reporting and 
developing industry confidence in the tools. 

 

6.2 Informing Carbon Reduction 

Current procurement guidance advocates the adoption of whole life costing 
mechanisms for selecting preferred options, and this holds equally true for carbon 
emissions.  It is the continued optimisation of emissions throughout the life of assets 
that is key to achieving reduction targets within Transport Scotland’s sphere of 
influence. 
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Therefore, effective design stage consideration of: 

• materials comparisons including durability and replacement frequency, 
recycled content, availability and abundance, proximity to site, potential for 
reuse on site and, in future, bespoke embodied carbon factors; 

• energy efficient processes including innovative methods using cooler mixes and 
in-situ recycling; 

• best practice working including full access to carriageways during maintenance;  

• efficient lighting and reduced or renewable energy options; 

coupled with construction and maintenance stage quantification, will help embed 
carbon reduction throughout the delivery cycle, and across supply chains.   

Using roads as an example, combining CMS assessments of: 

• new construction projects; with  

• structural maintenance schemes; and  

• operational carbon through the Annual Carbon Account;  

will enable future analyses of the ‘construction’ and ‘use’ phases and, over time, 
improve carbon estimation and reduction analysis at design, as suggested by Figure 19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 Implementing CMS – Feedback for Carbon Management 

© PTRC and Contributors 2010



Following a period of implementation across a range of schemes and projects, 
backcasting analysis will enable the improvement of early stage estimates thereby 
allowing carbon impacts to be incorporated into the earliest option appraisal and 
design stages of a project. 

It is at that point where embodied carbon in a scheme could be factored into cost 
benefit analysis including, for example, consideration of the carbon costs of 
implementing alternative and preferred options and the carbon ‘payback’ time. 
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7. GOING FORWARD 

The Climate Change (Scotland) Act and the priorities of Scottish Government clearly 
place the reduction of emissions at the heart of the central purpose of achieving 
sustainable economic growth, and Transport Scotland is focused on supporting this 
process.  

As a spending agency, it will be important to focus on the levers which can be used to 
drive sustainability through the supply chain; tackled both directly, principally 
through our procurement processes, and indirectly through contributing to and sharing 
best practice, encouraging change and being open to new and innovative working 
methods.  

Wider adoption of CMS will provide a robust and updateable method of 
measurement, and empirical data, which can be interrogated with findings used to feed 
back to inform projects, maintenance and investment decisions.   

From the CMS piloting to date, we are already building a clearer picture of the 
proportions and amounts of carbon embodied in road structural maintenance activity 
(by material type, construction method and other factors such as location).  These 
primary datasets will grow as new project data are returned, enabling a detailed 
contemporary analysis of energy and emissions.  This will allow the agency to direct 
future activity on carbon efficient methods as part of an integrated process for 
addressing best value, infrastructure durability and sustainability.  

It is intended to replicate this with data from larger projects, so that future investment 
decisions can be based around clear understanding of carbon implications, starting 
from design stages. 

As CMS is adopted and used across the agency’s projects and other activities, it is 
expected that the tools will be refined to allow designers to focus on aspects where 
there is greatest potential to reduce emissions.   

It is intended that CMS tools be used at all stages of the asset cycle, and by users 
across the agency, its consultants and contractors.  Following successful deployment, 
there will likely be suitable applications for other organisations such as local 
authorities, infrastructure managers and transport operators.  Transport Scotland 
looks forward to the opportunity to work with wider stakeholders to encourage 
consistency in carbon measurement, management and reduction as fully as possible. 
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NOTES 
1Except to acknowledge that as a significant user of electricity, principally for trunk 
road lighting, Transport Scotland participates in the UK Carbon Reduction 
Commitment (CRC) Energy Efficiency Scheme.  As Figure 2 indicates, these 
emissions are captured separately from other aspects of the agency’s operational 
boundaries 
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