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1 Executive Summary  

This report builds on previous work conducted under BRO3 Sustainable Construction and 
Maintenance initiative Task Element 4. This task element sought to establish new 
resource efficiency indicator(s) to be applied to the Highways Agency’s construction and 
maintenance activities. Indicators can be used for benchmarking and for measuring 
progress over time towards internal and external targets for the efficient use of 
resources, both materials and waste.  

The focus throughout the three year programme has been to explore metrics and 
associated methodologies which might feasibly replace the current “Area Performance 
Indicator (API) 15: Recycling and Reuse” which is one of the 15 indicators in the HA’s 
Area Performance Indicator Handbook. The main driver behind the initiative was the 
inherent subjectivity which can feature in current API 15 assessments. The wealth of 
information that is already collated by contractors, either for internal record keeping or 
to pass onto the HA through defined reporting processes, was explored as a potential 
basis on which to make assessments and to decrease this level of subjectivity.   

Previous work conducted specifically on this initiative is summarised in three previous 
reports: 

• Understanding Resource Use and Waste Generation within the Network: A Mass 
Balance Approach (May 2008). 

• Review of Resource Efficiency Metrics and Indicators for the Highways Agency 
(February 2009). 

• Identifying Resource Efficiency Indicator Mechanisms for the HA (May 2009). 

The first report summarised the requirement for a ‘mass balance’ approach to be 
pursued. The second report identified the different ways of capturing information on 
resource efficiency in the form of indicators. The third report investigated possible 
methods of balancing mass flows in and out of HA schemes, using the existing systems 
which the HA and its contractors already use to collect material and waste data, and 
then expressing the information which is collected in a useful way, as indicators.  

During this final phase of the project, input has been sought from contractors who 
currently collect material and waste data related to the HA’s activities. This input was 
sought to explore the feasibility of the methods proposed in the previous work. Several 
of the HA’s current contractors were contacted and meetings held to assist with this 
phase of the research. The contractors that assisted beyond initial contact were as 
follows: 

• Area 3 – Enterprise Mouchel 

• Area 14 – A-one+ 

• M40 - Morrison Construction/Galliford Try 

These contractors were given the broad remit of passing on examples of material and 
waste related data for given projects, either for complete projects or for a given time 
period. While contractors were pressed to provide examples of the disaggregated data 
which is used to fulfil other reporting requirements, it was emphasised that effort should 
not be made to manipulate this data and that the aim of the work overall was not to 
create a new reporting requirement, but instead to use it to fulfil an additional useful 
purpose. 

This report constitutes the final deliverable of Task Element 4; summarising the key 
findings from past work and presenting the findings of the analysis conducted on the 
datasets received. The datasets were assessed against a number of criteria: 

• Meaningfulness – does the data provide a basis on which to calculate resource 
efficiency metrics? 
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• Completeness – what is the level of coverage of the data provided, compared to 
the actual resource and waste flows on the project?  

• Data accessibility – how easy was it for the contractor to obtain the data, through 
which existing means?  

• Granularity – how disaggregated is the data with regards to separate materials 
and wastes? Can the proposed metrics be conducted on individual materials? 

• Reproducibility – how standard were the methods used to obtain the data? 

• Applicability – can the methods be applied to all schemes across the HA network, 
small and large? 

The review determined that two current reporting methods, the HA’s Carbon Accounting 
Framework and Waste Accountant1, proved to be the most suitable methods for 
collecting data on which to base resource efficiency calculations. Minor modifications 
would improve the suitability of these methods further. 

The indicator that is proposed to measure resource efficiency is as follows: 

 

�������� ���	�	�
�� �%� � � ����� �����	���
����� �����	��� ��� � ������ ����� ��� � �����	�� �������� �� ����������� � 100 

 

This ratio is quite variable according to the type of project. Appropriate ballpark 
efficiency figures need to be established on which to base any initial targets. A primary 
recommendation would therefore be to benchmark resource efficiency across different 
types of HA project. Where possible, resource flows should remain segregated to allow 
the most impacting materials to be focussed on in the future. It is also recommended 
that a separate measure is adopted to consider earthworks and the balance of cut and 
fill for major projects. The indicator is as follows: 

 

| !"| �  #" �  $" % 10% 

% ���&�� �	�����
�� '�����
 ��� & �	�� )������  !, �'������ )����" 
% 	�+����� �	�� )�����  #" 
% �,+����� ��� )�����  $" 

This indicator is designed to explore and, in due course, to provide an incentive to 
minimise offsite movement of cut and fill material.  
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1 Waste Accountant is a commercial web-based system, designed to assist organisations in logging waste 
transfers and in achieving the requirements of waste legislation. Waste Accountant includes a number of 
features designed to enhance efficiencies and rates of reuse and recycling. 
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2 Introduction & Scope of this Report 

The key targets for improving resource efficiency which arise in the cross-governmental 
Targets for Sustainable Operations on the Government Estate and the Department for 
Business, Innovation and Skills’ (BIS) Strategy for Sustainable Construction are both 
applicable to the HA. The Site Waste Management Plans (SWMPs) Regulations require 
construction waste monitoring for projects in England over £300,000; this includes the 
majority of projects which fall under the HA’s jurisdiction. The Strategy for Sustainable 
Construction sets a target of a 50% reduction of construction, demolition and excavation 
waste to landfill by 2012, relative to 2008 levels. This target is now underpinned by a 
methodology devised by the Strategic Forum (2010) and is reported on a national basis 
using Environment Agency returns. Sustainable Operations on the Government Estate 
sets targets to reduce the amount of waste generated overall, stipulating a 5% reduction 
by 2010 (now expired), a 20% reduction by 2016/17 and a 25% reduction by 2020, all 
relative to 2004/05 levels. Robustly measured resource efficiency indicators will assist in 
demonstration of progress towards these targets at project level, highlighting the well 
managed and more problematic resource and waste flows. The project level data could 
then be aggregated together to provide an overall picture. The HA’s commitment to 
achieving greater resource efficiency is stated in both the Procurement Strategy 2009 
and the Environment Strategy 2010. It is anticipated that further motivation for 
improved resource efficiency will come from the Europe in the near future, under the 
umbrella of “Sustainable Materials Management”. 

2.1 The Current Area Performance Indicator 15: Recycling 
and Reuse 

The new indicator(s) which are considered in this project may replace the existing Area 
Performance Indicator 15, which measures recycling and reuse in network activities. It 
was therefore important to consider how the current indicator works, its advantages and 
shortcomings, to be taken forward and addressed in developing new indicator(s).  

At present, API 15 works via subjective assessment of the levels of recycling and reuse 
achieved in 19 waste categories on a monthly basis. Monthly performance is then 
aggregated up to calculate a rolling twelve month performance.  

The advantages of the current method include the level of segregation in the waste flows 
before aggregation, which allows information on particular materials to be considered, 
and the rolling nature of the reporting period which allows for continual monitoring. 

The disadvantages of the current method include the subjective nature of reporting and 
the arbitrary allocation of scoring between different materials, which is independent of 
the quantities of waste produced. This may be addressed by establishing clear rules for 
reporting and weighting (which could be based on quantity produced and relative 
‘impact’ of the waste stream). A further disadvantage is the low reported take up of the 
methodology by contractors; this may be addressed in future mechanisms by embedding 
it within existing data collection methods as proposed. 

2.2 Principal findings from the review of resource flow 
analysis approaches 

The report Understanding Resource Use and Waste Generation within the Network: A 
Mass Balance Approach yielded the following conclusions which had specific implications 
for developing the new methodology and indicators.  

• Resource Flow Analysis (RFA) is a powerful policy tool for understanding resource 
use and driving resource efficiency, however, there is a need for ensuring any 
new proposed methodology limits the burden imposed onto the supply chain. This 
will be done by ensuring the approach uses existing data gathering tools such as 
EnvIS, SWMP, Carbon Accounting Framework, and other established 
methodologies. 
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• There are clear economic advantages to the supply chain in linking up their 
resource use with their wastage, particularly through waste (resource use) 
minimisation – the analysis could come up with an indicator that shows this. 

• Resource Flow Analysis has mostly been applied as a static, post-analysis tool 
considering resource use over a past period of time only, therefore leaving little 
space for improvement – i.e. through lessons learnt. It might be that more 
engagement from the supply chain could be obtained through providing them 
with immediate feedback. It is recognised that this feature could be included only 
in the medium-long term to limit the burden on the supply chain and at the same 
time that any methodology devised should be flexible enough to include this. 

• It is clear that existing Resource Flow Analysis methodologies have mainly been 
applied to high and medium levels (e.g. economies of nations and regions; supply 
chain of sectors) with data collected from central offices (i.e. the Office for 
National Statistics).  Considerable effort and resources are needed to collect the 
data, which cannot be disaggregated to the level required from this brief. 

• A bottom-up approach, which would prescribe the collection of data from the 
system under consideration (i.e. the specific project or area managed), as Life 
Cycle Assessment methods, seems more appropriate, although again data 
collection is likely to require a significant effort.   

• Furthermore, consideration should be given to the current methodological debate 
on climate change impacts and the relative impacts of different construction 
materials. Whilst reducing volumes of waste generated overall and improving 
levels of reuse and recycling in the HA’s operations is the primary concern of this 
work, consideration of a secondary impact (particularly one of such prominence) 
can help prioritise efforts further. To this end, it may be appropriate to share the 
findings of this research with the HA’s climate change team. 

2.3 Principal findings from the review of resource efficiency 
indicators 

The report a Review of Resource Efficiency Metrics and Indicators for the Highways 
Agency arrived at the conclusions below.  

• The new mechanism should be derived from existing HA data collection methods, 
at minimal cost burden and extra effort required from contractors; 

• In considering possible new indicator(s), consider the different perspectives of 
resource efficiency which can be taken; 

• There are also different temporal aspects to indicator measurement; consider 
whether new indicator(s) should be used to undertake continual evaluation or 
post project evaluation; 

• The indicator(s) should ideally apply to all HA project types; 

• The first priority should be an indicator which measures resource efficiency and is 
concerned primarily with material and waste flows; and 

• Balancing material and waste flows across projects is appropriate for indicators 
which measure resource efficiency in construction.   

2.4 Principal findings from the review of resource efficiency 
indicator mechanisms 

This review identified a number of different foci for resource efficiency indicators, each of 
which should be investigated for their relative merits: 

• Procurement focussed 

• Waste focussed 
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• Scheme focussed 

 
The review also identified a number of potential mechanisms for measuring these 
indicators, based on the HA’s current material and waste management reporting. The 
most promising methods which were identified to investigate further were: 

• EnvIS 

• The Carbon Accounting Framework 

• Bills of Quantities 

• Site Waste Management Plans (SWMPs) 

 
It also became apparent during the course of the investigation that contractors had other 
bespoke methods of recording waste and material data and these should be investigated 
further.  

2.5 Aims and scope of this report 

The aim of this report is to explore how data can be collected to support resource 
efficiency calculations in the HA. Past studies have identified potential indicators, 
calculation methodologies and data sources. This report presents the findings of data 
collection activities at site level and explores the usefulness of the actual data collected 
for performing resource efficiency calculations.  



TRL 9 CPR947 

3 Demonstration Projects 

Through a range of avenues, including the HA Waste Champions Group, it was possible 
to recruit a number of contractors to assist with providing example datasets. A face-to-
face meeting was held with each contractor to discuss the aims and requirements of this 
task. Example datasets were then provided by the contractors from actual projects which 
were either still live or had been recently completed. The aim was to collect data which 
informed a wide range of activities which take place on the network.  

A-one+ of Area 14 were able to provide data which described the following projects: 

• A1 slip patching 

• A1 resurfacing 

• Oxford to Scremerston resurfacing 

Enterprise Mouchel of Area 3 provided access to a number of projects via their chosen 
system of recording waste transfer records named Waste Accountant. A few projects 
were selected from this source, including: 

• M3 J4-5 Fleet central reservation work including concrete barriers 

• M27 J2-3 vegetation clearance  

• M3 bridge structure reinforcement  

• A34 Gore Hill preparations for HGV restrictions  

Morrison Construction provided data on a major project: 

• M40 J15 Longbridge bypass 

The datasets from each are discussed and resource efficiency calculations demonstrated 
in the remainder of this section. 
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3.1 A-one+ Projects 

A-one+ were able to provide information on three routine surface maintenance 
replacement contracts, involving planing out and then laying fresh asphalt material. 
Information was provided in three forms: 

• Bill of quantities  

• Material invoices 

• Waste transfer notes 

The bill of quantities described the project as a whole, whereas invoices and waste 
transfer notes were only supplied for three weeks of the project.  

An extract from the bill of quantities provided for the A1 slip patching project is 
presented in Figure 3.1.  

 
Figure 3.1 Bill of quantities for A1 resurfacing project 

In terms of resource efficiency calculations, the bill of quantities is of limited use. Whilst 
it provides a good estimate of the resources required to complete the project, it has the 
following limitations: 

• The bill of quantities is created before the works are carried out and actual 
quantities are likely to change during the course of the project. 

• The bill uses a variety of units, in some case listing just the numbers of required 
components. It is not a straightforward or accurate process to convert these into 
mass or volume, which are the required units for a resource efficiency calculation.  

An alternative approach was explored using the other A-one+ projects, using material 
delivery tickets and waste transfer notes. Summaries of the data collected are presented 
in Table 3-2 and Table 3-3 for the Area 14 Oxford to Scremerston resurfacing project 
and Table 3-1 for the Area 14 slip patching project. Similar data was provided for 
materials input into the Area 14 A1 resurfacing project; however, this was not 
accompanied by waste data and is therefore not presented separately. 



TRL 11 CPR947 

Table 3-1 Summary of materials & waste over three weeks of Area 14 slip 
patching project 

Materials requisitioned ordered (t) 
quantities 

delivered (t) 

Summary of requisitions and material 
delivery tickets   

20 mm HDBC 240 240.14 

32 mm HDB 560 557.63 

14mm  40/60 PSV65 260 277.22 

20mm HDBC 240 244.94 

32mm HDB 560 675.7 

 Materials total 1995.63 

Waste transferred landfilled (t) 

Summary of waste transfer notes   

Tar bound waste planings  695 

Tar bound waste planings  409 

 Waste total 1104 

The tables summarise the information assembled from the material delivery and waste 
transfer notes. The main material movements in terms of quantity seem to be captured. 
Information such as this can form the basis of resource efficiency calculations, using an 
equation such as [1] below. 

 

�������� ���	�	�
�� �%� � - ./.01 20.345016 �.�
./.01 20.345016 7 ./.01 806.3 �.�9 � 100 [1] 

 

Equation [1] is a simple ratio. Projects which produce no waste at all will have a resource 
efficiency of 100%; the more waste that is produced, the lower the efficiency. 

Using Equation [1], the calculated resource efficiency across the three weeks of the slip 
patching project is 64%. The same calculation can be repeated for the Area 14 
resurfacing project, in which case the calculated resource efficiency is 50%. However, 
the vast majority of waste produced by the resurfacing project is tar bound planings, 
which can be cold recycled or landfilled. Should they be recycled then equation [1] could 
be modified to something more like equation [2].  

 

�������� ���	�	�
�� �%� � : ./.01 20.345016 �.�
./.01 20.345016 �.�7 �./.01 806.3 �.�;20.34501 43<=<13> /4 43?63>�.��@ � 100 [2] 

 

Modifying the equation in this way allows practices which are more resource efficient, 
such as recycling and reuse, to be accounted for.  

The calculated resource efficiency of the project in this case would be 99% for the period 
considered using Equation [2]. However, such a ratio could be slightly misleading, since 
it does not discourage a reduction in overall material use. This is because a ratio, with 
total materials featuring as part of both the numerator and the denominator, provides no 
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reflection of the actual quantity of materials used. Also, higher material use will 
effectively ‘swamp’ waste production and make projects appear more resource efficient, 
with more materials used in the project overall (though not wasted!). Hence an indicator 
of this kind may encourage waste minimisation but does not directly encourage low 
materials use. The obvious counteracting factor is cost, in the sense that using more 
materials to appear more resource efficient will not be cost efficient. 

Comparing the information in the tables with the bill of quantities, it appears that many 
of the material and waste flows have not been picked up. For example, quantities of tack 
coat are ‘unspecified’ and waste that might be expected from preparatory works, such as 
road studs and expired road markings are not included. There are a few possible reasons 
for these lower quantity flows not being picked up: 

• Timescale. The period of the project investigated did not involve these material 
flows, which occur at the start and end of the project. It is therefore important to 
investigate the project as a whole to ensure that a true reflection of resource 
efficiency is obtained. 

• Granularity. Lower quantity waste streams may be disposed of in a mixed waste 
skip along with waste from other projects, perhaps at a central depot. The waste 
transfer notes do not itemise the waste composition and hence these lower 
quantity flows cannot easily be attributed to the project in question. However, the 
quantities are likely to be small in comparison to the major waste streams and 
the quantities of materials used. 

• Bias. The materials in/waste out ratio does not necessarily promote efficient use 
of material resources since a ratio is only a relative measure; ideally material and 
waste quantities should be reduced overall. A possible solution to this is to focus 
on materials use and waste production separately.   

The absence of lower quantity waste flows is not important if quantity of waste is the 
foremost consideration. If related impacts of the waste streams are important, such as 
climate change impacts or hazardousness then the smaller quantity flows may be of 
higher significance (see Section 3.3). Furthermore, the extra element in Equation [2] is 
used somewhat speculatively, in the sense that it is assumed that all of the road 
planings that the project produced are recycled. Ideally this would be verified or 
supported by evidence from the waste contractor regarding the recycling rates that they 
achieve.  

Overall, the data gathered from the A-one+ projects suggests that resource efficiency 
calculations are possible using the material requisitions and waste transfer notes 
collected for the project but the resulting figures are subject to various limitations. 

 



Table 3-2 Materials consumption on the A1 Oxford-Scremerston resurfacing project

MATERIALS (t)

SUPPLIER DESCRIPTION SAT SUN MON TUE WED THU FRI TOTAL

Week1

Cemex 32mm road base 160 180 160 120 147 767

Cemex 20mm binder coarse 60 80 145 96 160 541

Cemex 14mm close Graded 30 40 65 46 181

Colas Tack coat Unspecified

Week 2

Cemex 32 mm road base 140 220 225 160 180 925

Cemex 20 mm binder 100 160 240 160 180 200 1040

Cemex 10 mm via pave 170 170

Cemex 14mm close graded 60 60

Cemex 6mm micro pave 70 70

Colas Tack coat Unspecified

Week 3

Cemex 20 mm binder 50 160 155 200 565

Cemex 10 mm via pave 180 110 135 200 625

Colas Tack coat Unspecified

Materials total 4944



Table 3-3 Waste production on the A1 Oxford-Scremerston resurfacing project

WASTE (t)

CARRIER DESCRIPTION SAT SUN MON TUE WED THU FRI TOTAL

Week 1

Lane rentals Road Planings 250 300 370 252 307 1479

Aone Road Spray Containers 2 1 2 2 2 2 11

Week 2

Lane rentals Road Planings 300 450 465 320 360 370 2265

Aone Road Spray Containers 2 2 2 2 2 3 13

Week 3

Lane rentals Road Planings 215 270 290 400 1175

Aone Road Spray Containers 2 3 2 3 10

Waste total 4953

Waste 34

Recycled (potential) 4919
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3.2 Enterprise Mouchel Projects 

Enterprise Mouchel were able to provide data on a number of their projects via a web-
based program called Waste Accountant, which was developed by MTS Environmental 
Ltd and is in use by a number of the HA’s Maintenance Area Contractors. Waste 
Accountant acts as a web-based hub for a company to log their waste movements 
against individual projects and also maintain compliance with the Environmental 
Protection (Duty of Care) (Amendment) Regulations 2003. Site Waste Management Plans 
(SWMPs) can also be generated using the program. Waste management companies are 
able to log the credentials of their business as the destinations for waste movements and 
assign recycling rates to the material received. The original owners of the waste can then 
choose their waste contractors based on these rates and decide whether or not to use 
these rates in preparing their SWMPs. Various tools of this sort are available. 

In providing a central log of waste movements, tools such as Waste Accountant provide 
a source of information for resource efficiency calculations, which could potentially be 
used to capture information on projects above and below the SWMP threshold. An 
extract of the waste transfer notes entered for a project conducted on the central 
reservation of the M3 motorway are presented in Table 3-4. For this project, individual 
waste movements have been aggregated together and no material input data has been 
provided. It is therefore only possible to conduct simple waste focussed indicator 
calculations with this information to record either ‘total waste’ or proportion of waste 
diverted from landfill, using equation [3].  

 

+��+���	�
 �� ����� �	)����� ���� ��
��	�� �%� � -806.3 43<=<13> �.�
./.01 806.3 �.� 9 � 100 [3] 

 

The project in Table 3-4 diverted 4% of waste from landfill according to the information 
entered into Waste Accountant. 

The civil engineering company R&W use Waste Accountant in Area 3 to record the 
material movements into projects as well as the waste flows out of projects. This 
provides a basis for resource efficiency calculations using equation [1] or [2] as required. 
Table 3-5 displays an extract of information from a full R&W project. The basic resource 
efficiency of this project is 37%, with more waste yielded than materials used. However, 
a reasonable proportion of the waste fraction is likely to be recycled (the weathered 
coated road stone) thus the resource efficiency could be improved to 48%. Further 
improvements to the figure could potentially be achieved by considering the recycled 
content of the material coming into the works, which is predominantly recycled 
aggregates and soil; however, to include the recycled proportions of these materials in 
the calculations would likely result in some double-counting if recycling is already 
credited to the waste materials arising. 

The method used by the Waste Accountant tool provides a number of advantages over 
samples of data collected ad hoc as in the A-one+ projects. If Waste Accountant or a 
similar tool is used routinely then waste and material movements in and out of projects 
can be captured over the full duration of projects, thus leading to a more accurate 
assessment, rather than one taken at any given moment in time which can be quite 
unrepresentative and highly dependent on the activities of the project at the time e.g. 
preparatory works, planing off and laying. 

 



Table 3-4 Ex

Table 3-5 Extrac

xtract from Waste Accountant recording waste only

ct from Waste Accountant recording materials and waste
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3.3 Morrison Construction M40 Project 

Morrison Construction has recently completed a project to improve the intersection of 
the A46 at M40 Junction 15. The project involved construction of a dual carriageway 
bypass of the M40 junction for the A46. The existing M40 Junction 15 roundabout was 
widened to four lanes, the approaches to the roundabout improved and new traffic lights 
installed. The signing, road markings, road lighting and road pavement were updated. A 
new 4-span bridge takes the new dual carriageway over the M40 motorway. A new 
roundabout was put in place at the connection between the new dual carriageway and 
the A46 Stratford Road, which also provides access to the B4463. 

Morrison’s were able to supply carbon accounting returns which detailed the project’s 
material consumption and waste production. This information is summarised in Table 3-7 
and Table 3-8. The conversion factors which are present in the accounting spreadsheets 
were used to convert quantities not supplied in tonnes. 

The resource efficiency equations [1] and [2] can be used on this data and the results 
are presented in Table 3-6. These show the calculated resource efficiency for successive 
quarters during 2009; data for the carbon accounting framework is reported quarterly. 

 

Table 3-6 Resource efficiency calculations for the M40 project 

Apr-09 Jul-09 Oct-09 Jan-10
Equation [1]  
% Resource Efficiency 99.51% 97.95% 96.51% 93.26%
Equation [2]  
% Resource Efficiency 99.93% 98.87% 98.65% 99.87%

The fact that this is a new build project is evident in the figures, with very little waste 
leaving the site and mostly materials coming in. The calculation for Equation [2] 
assumed that the waste streams that were recycled were tyres, planings, ferrous metals, 
paper and glass (indicated by an * in Table 3-8). The waste management option is not 
recorded in the Accounting Framework, which is a ‘recycled content’ focussed tool that 
acknowledges the benefit of including materials with recycled content rather than with 
the end of life management options. It would be beneficial to collect waste destination 
information within the carbon accounting framework for this reason. It is possible to 
gather waste destination information from post project completion SWMPs, provided that 
the projects undertaken are over the £300k threshold for completion. However, it would 
be advantageous to collect it within the quarterly reports if periodic resource efficiency 
calculations are required. Whilst the current API15 is reported monthly, it seems 
appropriate to reduce this frequency to quarterly to tie in with the reporting cycle for the 
carbon accounting framework if it is to be used as a basis for data collection. 
 
A visit to the M40 site gave an interesting insight into resource efficient practice which 
might not be recorded by any of the data collection methods investigated: on site 
sourcing of materials. The M40 J15 project made extensive use of three borrow pits to 
provide material for fill operations. The borrow pits were all located in the immediate 
vicinity of the site. There are obvious transport benefits of using site sourced material 
over off-site material due to the sheer volumes which are required, and these practices 
should ideally be reflected in resource efficiency calculations. A simple equation which 
might be used to assess the efficiency of earthworks undertaken would be Equation [4]. 
 

| !"| � A#B �  $" % 10% [4] 
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 ��� & �	�� )������  !, �'������ )����" 
% 	�+����� �	�� )�����  #" 
% �,+����� ��� )�����  $" 
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Equation [4] is essentially a metric which assesses the cut and fill balance of a 
construction project; the closer the balance is then the lower the number of off-site 
transport movements. 10% is an arbitrary figure; the “allowed deviation”, and could be 
adjusted with a straightforward benchmarking exercise which considers different soil 
types, site conditions and the applicability of technologies available to stabilise soil. An 
example calculation using Equation [4] is presented in Box 3-1. 

Box 3-1 Example application of Equation [4] 

 

The data recorded by the Carbon Accounting Framework is well segregated by material, 
and, while the totals provide a good basis for resource efficiency calculations, the 
breakdown allows for focus on the most significant materials.  
 
In the right hand columns of Table 3-7 and Table 3-8, the embodied carbon per tonne of 
each material is displayed. Embodied carbon reflects the energy expended in preparing 
that material for use from quarry, oil well or otherwise to the factory gate. The figures 
show that the relative carbon intensity of different construction materials is very 
variable. In terms of carbon impact, one tonne of steel used in barriers has the same 
impact as 300-400 tonnes of aggregate. Thus embodied carbon could perhaps be 
considered as a ‘normalising factor’ in considerations of resource efficiency, not least to 
ensure that the flows of these lower volume, highly carbon intense materials are 
measured and not lost in the detail.  
 

[A] is % difference between cut and fill volumes: across the site, 46,000 m3 needs to 
be cut and 42,000 m3 needs to be filled. Therefore, the % target difference 46,000 – 
42,000 / (46,000 + 42,000) = 4.5% 
 
If 46,000 m3 had been filled and 42,000 m3 cut, the difference would still be 4.5%; 
the absolute value must be used for Equation [4] to work. This is because both cut 
and fill exports have the same consequence: increased transport.  
 
[B] is the % imported fill volume = 42,000 m3, all is sourced on-site, % imported fill 
= 0% 
 
[C] is the % exported cut volume. 46,000 m3 needs to be cut, 4,000 is exported, % 
difference = 4,000 / 46,000 = 8.70% 
 

I[A]I + [B] + [C] ≤ 10% 
 
4.5% + 0% + 8.7% = 11.2%, which exceeds the 10% ideal and suggests that more 
offsite movement of earthworks material is taking place than is desirable.  



Table 3-7 Materials data for the M40 project from the Carbon Accounting Framework



Table 3-8 Waste data for the M40 project from the Carbon Accounting Framework

References: [1] University of Bath, Inventory of Carbon and Energy; [2] WRAP AggRegain CO2 Emissions Estimator Tool.

* means the waste is assumed to be recycled.
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4 Discussion & Conclusions 
Three sets of demonstration projects have yielded some insights into the capability for 
measuring resource flows within the HA’s operations and using the data to express levels 
of resource efficiency in a meaningful way. Some clear conclusions can be made as a 
result of this exploratory research as to the way forward for resource efficiency 
measurement across the HA’s operations. 

A review of the methods used by the HA’s contractors and sub contractors has identified 
three methods to collect materials and waste flow information. These are: 

• Using individual materials acquisitions or delivery tickets and waste transfer 
notes; 

• Through bespoke software, such as Waste Accountant or similar tools; 

• Through the HA’s own established carbon accounting system.   

The project set out to gather information through established data pathways and the 
methods above reflect this. No evidence was found of contractors using EnvIS, which 
was the other proposed collection method to explore, though it could prove fruitful in the 
future collection of waste and material data, by providing a basis for measuring resource 
efficiency at the Design Stage and at Project Completion. Overall it proved difficult to 
encourage contractors to provide information outside of established reporting methods 
and for these reason only one contractor was willing to provide individual requisitions 
and invoices. It seemed that contractors were particularly sensitive to providing any 
form of cost information and it was probably for this reason that this reporting avenue 
proved to be restricted. It was also for this reason that cost based resource efficiency 
indicators were not considered, and the measurement basis was always quantity. Cost is 
used as a normalising factor for waste, but this is usually the overall construction value, 
e.g. benchmark data for different types of construction is normally reported as 
tonnes/£100,000 construction value by BRE and WRAP2. We are not aware of any similar 
factors for materials. 

Individual requisitions and invoices proved to be the least useful of the methods 
explored since it was difficult to assess the completeness of the picture that this method 
was able to provide. This is likely to be the same for most construction projects. The 
other two methods were able to provide a more complete picture of resource flows over 
a given time period, since they were more embedded within organisations’ reporting 
processes. Of these, the carbon reporting framework was most established at recording 
both material and waste flows. The Waste Accountant tool was primarily designed to 
capture waste flows, but has been used successfully to record the material flows into 
projects too. Since both methods were able to record both waste and material flows, 
they provided a good basis for straightforward resource efficiency calculations, as has 
been demonstrated. One limitation of both methods, that would need to be remedied if 
they were to be used more extensively, would be to capture waste destination 
information alongside the individual waste flow. This is required to determine waste 
management processes (at least landfill or recycling) and recycling rates. Of the two 
methods, the Waste Accountant tool has the capability to capture this information, but 
the recycling rates recorded appeared to be slightly subjective and these would ideally 
need to be made more robust in the future, perhaps through adoption of quality 
protocols and verification by the individual waste contractors, for recycling facilities. 

The extent to which the three approaches to measuring resource efficiency meet the 
requirements set out after the review of resource efficiency indicators (Section 2.3) is 
summarised in Table 4-1.  

 

2 E.g. see Table 1 in 
http://www.wrap.org.uk/downloads/2010_09_20_Benchmarks_for_target_setting_2010_update_FINAL.cdd75e
28.9868.pdf.
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Table 4-1 Re-consideration of initial objectives 

Method Uses 
existing 
HA data 

collection 
methods? 

Perspective 
(procurement

/ waste/ 
scheme) 

Continual 
monitoring

/ post 
project 

Scope of 
applicable 

HA 
projects 

Considers 
material 

and waste 
flows? 

Complete 
mass 

balance? 

Individual 
requisitions 
and invoices 

Yes Scheme  Post project Potentially 
all 

Yes No – 
potentially 

least 
complete 

Waste 
Accountant 
or similar 

tools 

Partially – 
Waste 

Accountant 
has been 

adopted by 
some 

contractors 

Waste  Post project Potentially 
all 

No (but 
could easily 

be 
adapted)  

No – waste 
focussed 

HA Carbon 
Accounting 
Framework 

Yes Scheme Continual & 
post project 

Only major 
projects (if 

scheme 
focussed); 
can also be 

used for 
MACs on 
basis of 
overall 

activities 
per quarter 

Yes Potentially 
most 

complete 

The resource efficiency calculations performed, which was based on a simple 
material/waste ratio in Equations [1]-[3], showed quite a degree of variability across the 
different projects investigated. Such a ratio is extremely variable due to the type of 
project and the calculations demonstrate the nature of the works; new build projects are 
material intensive, routine maintenance such as filter drain work is waste intensive and 
resurfacing maintenance is more balanced. A benchmarking exercise across a range of 
the HA’s typical project types would be useful if the ratio were to be used going forward, 
particularly if it is to be used to assess the comparative performance of contractors. A 
benchmarking exercise is therefore one of the primary recommendations of this work. 
More regular, common processes can be benchmarked in a relatively short space of time 
(e.g. resurfacing works). It may not be appropriate to benchmark more bespoke 
techniques used in major projects or new build construction. 

Regarding use of the ratio itself, it could be suggested that it does not promote material 
efficient processes, but instead focuses on reducing the proportion of waste generated. 
However, a counter argument to this would be that it is highly unlikely that extra 
material would be purchased and used in a project just to reduce the waste proportion, 
and for this reason the ratio seems reasonably robust and is satisfactory to consider 
materials and waste streams in the same equation. 

It is useful to keep the component streams of the overall waste and material flows 
segregated. This can assist in recognising lower quantity but higher impact materials 
(higher impact in terms of embodied carbon content, or potentially other environmental 
impact) which may otherwise be swamped by higher quantity, lower impact materials. It 
is important to consider all waste streams, irrespective of quantity. Furthermore, when 
more recycling rate information becomes available, analysis could focus on the 
segregated resource streams, thereby providing more scope to improve the performance 
of the streams with greatest impact. This will also maintain one of the advantages of API 
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15, should it be superseded. One further observation made was that on-site material 
sourcing and reuse is not picked up; when a material does not cross a site boundary 
then it is not always captured in waste or material data and on-site sourcing is very 
beneficial from a resource efficiency point of view. For this reason it is recommended 
that the HA considers an indicator which can be used to benchmark the efficiency of cut 
and fill operations, such as that which has been recommended in this report (Equation 
[4]). 

4.1 Recommendations 

In conclusion, it appears that a viable alternative to the current API 15 may have been 
devised, which bases its calculations on actual data captured through existing reporting 
methods and maintains the segregation of waste streams which the current indicator 
has. This indicator can be expressed as follows: 
 

�������� ���	�	�
�� �%� � : CDCEF GECHIJEFK
CDCEF GECHIJEFK �C�7 �CDCEF LEKCH �C�;GECHIJEF IHMNMFHO DI IHPKHO�C��@ � 100 

This indicator relies on obtaining material and waste flow information from the same 
source and this research has determined two potentially suitable methods: the HA’s 
Carbon Accounting Framework and tools such as Waste Accountant. However, both 
methods would require some small level of modification before full adoption could occur: 

• The Carbon Accounting Framework would require slight modification to capture 
waste management destinations by type and recycling rates. 

• Waste Accountant and similar tools would have to capture materials data as a 
matter of course, the capability for which has been demonstrated in this project. 
Waste Accountant or a similar tool would also have to be adopted by the whole 
network. 

• Both methods would benefit from some process of audit or verification to verify 
the recycling rates entered. 

As an alternative to the full rollout of a replacement API15 indicator, gradual introduction 
of an “API15+” indicator may be preferred, with contractors encouraged rather than 
mandated to the process for a trail period. Should this resource efficiency indicator be 
adopted then it should be trialled and benchmarked comprehensively, by considering a 
range of project types and resource flows. This will help to establish average and best 
practice performance levels for the HA to consider setting for their contractors in the 
future. 

The scale, variability and impacts of cut and fill operations in comparison to off-site 
sourcing of materials should be explored. This analysis could assist the HA to consider 
the adoption of a separate resource efficiency indicator for groundwork operations. It is 
recommended that an equation expressed as follows is thoroughly tested and considered 
for adoption: 
 

| !"| �  #" �  $" % 10% 

% ���&�� �	�����
�� '�����
 ��� & �	�� )������  !, �'������ )����" 
% 	�+����� �	�� )�����  #" 
% �,+����� ��� )�����  $" 
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