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ABSTRACT 
 
In order to reduce the energy consumption from large non-energy-intensive 
businesses in UK, government has introduced the mandatory CRC Energy Efficiency 
Scheme. After several revisions, CRC Energy Efficiency Scheme is now pushing its 
participants to reduce their carbon emissions. Due to complex design and several 
revisions, participant organisations have struggled to identify and meet the 
requirements of the scheme.  
 
Research has been carried out by a number of researchers to analyse the impacts of 
CRC and their mitigation. However, the available information is only at a higher 
level, and there is lack of detailed information on practical measures that an 
organisation should take to comply with the scheme and reliably reduce / mitigate its 
impact. The need for research was identified to find and implement the measures, and 
develop a best practice approach to reduce the impacts of the scheme. 
 
This research was conducted at a CRC participant organisation which operates in a 
number of sectors, mainly Aggregates and Construction. The project identified the 
emerging challenges to the organisation due to CRC, and their possible solutions. It 
was identified that CRC has introduced serious implications to the participant 
businesses. Participant companies are now required to improve their systems and 
procedures to meet these challenges. In addition to that, it is now vital for participant 
companies to reduce their energy use and carbon emissions due to the financial 
implications of CRC. However, while implementing the carbon reduction 
opportunities, organisations have struggled to achieve the anticipated level of carbon 
emission reductions when using new and innovative technologies due to the under-
performance of products. In addition to the dangers associated with new and 
innovative technologies, there are issues with comparatively longer existing 
opportunities, as their financial impacts change with time due to changes in the 
incentivising schemes. 
 
The project identified the requirements for the participating organisation’s data & 
information to ensure compliance with the scheme. Opportunities were identified to 
mitigate the impacts of the scheme through new & improved systems, procedures, 
carbon reduction measures and renewable energy systems. Latest techniques were 
used for comparing the carbon reduction opportunities, and for informed decision 
making and as a result of the analysis a new tool, CALoRIC (Carbon Abatement Low 
Risk Investment Curve), was developed.  Viable opportunities were implemented, and 
their performance monitored and verified. A best practice approach was then 
identified to reduce the risks associated with innovative and existing technologies. 
 
It was also identified that, in addition to the proposed and implemented projects, 
absolute carbon emissions in a company may reduce due to a number of factors, such 
as reduced business activity, an increase in energy awareness or indirect impact from 
other activities such as maintenance etc, and Energy Benchmarking was found 
necessary to find the actual reductions from various factors.  Decision makers in an 
organisation require this information to decide their further carbon reduction strategy. 
It was concluded that that the company must implement the 10 suggested carbon 
reduction opportunities, in addition to increasing its emission reduction from other 
factors, in order to achieve its carbon reduction target. 
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1 INTRODUCTION 
 

1.1 Emissions reduction in UK businesses 
 
The Kyoto protocol entered into force in the UK in 2005. As a result, the country is 
now bound to reduce its greenhouse gas emissions by 12.5% below their 1990 level 
by 2008-2012, and 80% below the 1990 level by 2050. Scotland has set an ambitious 
target of reducing GHG emissions by at least 42% by 2020 and by at least 80% by 
2050. The UK government has set its policies to achieve its targets through a mix of 
energy conservation and energy supply measures. In the 2007 White Paper on energy 
(DTI, 2007), the government proposed its strategy to achieve these targets through 
specified practical measures.  

Energy supply 
 
To increase the share of renewable energy systems within the electricity grid, 
different schemes have been introduced such as Renewable Obligation Certificates 
(ROC) in 2002, Feed in Tariffs (FIT) in 2010 and the Renewable Heat Incentive 
(RHI) in 2011.  
 

Energy conservation 
 
To reduce energy consumption within UK businesses, the government has introduced 
a number of initiatives such as: 
 
- EPC and DEC for public sector organisations; 
- Smart metering for business premises; 
- CRC Energy Efficiency Scheme. 
 
To reduce their energy consumption and carbon emissions, large emitters and energy 
intensive businesses have now become liable to emissions trading, carbon levies & 
taxation, etc. Initiatives such as EU-ETS, UK-ETS, CCA/CCL are pushing businesses 
to reduce their carbon emissions. However, the non-energy-intensive businesses in the 
UK have remained free from these liabilities until the introduction of the CRC Energy 
Efficiency Scheme. 
 
The UK Government has used both methods of carbon taxation (e.g. CCL) and 
emission trading schemes (e.g. EU-ETS, UK-ETS) to reduce carbon emissions from 
businesses. Both have advantages and disadvantages. Lee et al (2007) concluded that 
carbon taxation has a modest impact on emissions and adversely affects GDP, 
referring to the example of Norway, where relatively high carbon taxes since 1991 
have delivered only a 2% reduction in carbon emissions. However, the highest 
polluter pays most in a carbon taxation scheme. Emission trading schemes provide a 
sense of carbon abatement costs against the market price of carbon but, as identified 
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in the work of Lee et al (2007) and claimed by the opponents of emission trading 
schemes, such schemes can actually provide a license to pollute. 
 
These previously implemented carbon taxation and emission trading schemes have 
mainly targeted the energy-intensive emitters. In the 2007 White Paper on energy, the 
CRC Energy Efficiency Scheme was first proposed to target large non-energy-
intensive businesses and public sector organisations. In the scheme, an organisation 
that has consumed more than 6,000 MWh of electricity during the CRC Qualification 
Period (which was year 2008 for the first phase of CRC), and has at least one half-
hourly meter settled in the half-hourly electricity market, was required to register as a 
full participant. On the other hand an organisation performing below this the 6,000 
MWh threshold was required to make an energy information disclosure. CRC, which 
is a mandatory scheme, now has just under 3,000 businesses and public sector 
organisations in the UK as full participants. These organisations are responsible for 
over 10% of UK emissions, which is around 55 MtCO2e. It is estimated that the 
scheme will reduce carbon emissions by 1.2 million tonnes per year by 2020.  
 

1.2 CRC – The scheme and its rules 
 
The CRC Energy Efficiency Scheme, commonly known as CRC, was introduced as a 
revenue recycling scheme. The scheme required participants to purchase carbon 
allowances on the basis of their carbon emissions, with the money generated from the 
sale of allowances going into a money recycling pot. An annual performance league 
table was to be published according to participant organisations’ energy performance. 
This performance was based on an organisation’s reduction in absolute carbon 
emissions, revenue-related carbon emissions and early actions to monitor and control 
its energy and carbon emissions. Best performers in the league table were to receive 
more money than the amount they had paid into the money recycling pot, while poor 
performers were to receive less money in return. 
 
In the October 2010 spending review, major changes to CRC were announced, and 
the revenue recycling part was removed from the scheme. While participant 
organisations have to purchase carbon allowances as proposed before, now the 
amount spent on the purchase of allowances is not recycled back. In this way, CRC 
has become a carbon tax. The performance league table was still part of the scheme, 
but only as a reputational driver. The requirement for ‘information disclosure’ from 
the organisations below the 6,000 MWh threshold has also been removed. 
 
A brief description of each of the main CRC rules is given below. This information is 
the prerequisite of an understanding of the impacts of CRC on a participant 
organisation (as discussed in chapter 2) and the identification of the systems & 
procedures required by a CRC participant company. 
 

Qualification criteria 
 
CRC is a mandatory scheme to target the non-energy-intensive businesses in the UK, 
which are not already covered by EU ETS, or which have less than 25% of their 
emissions covered by CCA. If any such organisation has consumed more than 6,000 
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MWh of electricity through their half-hourly metering in calendar year 2008, it must 
register as a participant. 
 
According to the rules set for CRC (Environment Agency, 2008), the public sector 
will participate on their individual listings, or the listing of their organisation type in 
FOI Acts, and if they meet the qualification criteria through their electricity supply. 
But, for government departments, CRC participation is mandatory.  
 

Organisational structure 
 
In CRC, the organisational structure is important to identify liabilities. The 
organisational structure could be in the form of ‘undertakings’ and ‘group 
undertakings’ for private sector participants.  
 

CRC phases and Timeline 
 
A participant must understand the phases and timeline of CRC to prepare for 
compliance. There are three phases of the scheme. Phase 1 lasts for four years, and the 
remaining two phases last for six years each. Before each phase there is a 
‘qualification year’ in which participants assess whether they qualify for that phase of 
the scheme. The qualification year for the first phase was calendar year 2008. Except 
the qualification year in 2008, a CRC year runs from April to March, as can be seen in 
figure 1. The year after the qualification year is the busiest for participants, as they 
have to register with the online CRC registry, and submit a Footprint and Annual 
Report by the last working day of July. From the second year in each phase to the last 
year in the phase, participants need to submit Annual Reports and surrender the 
allowances on the basis of their carbon emissions. After the October 2010 spending 
review, this requirement of purchasing and surrendering allowances was lifted only 
for the first reporting year of phase 1. 
 

Responsibility 
 
According to CRC rules, the participant company must nominate the following at the 
time of registration. 
 

- CRC Senior Officer 
The Senior Officer must be a person in the participant company with top level 
management responsibility, who would be required to review and sign the 
internal audits of the company. In CRC, the Senior Officer is also held 
responsible in case of non-compliance. 

- CRC Primary Contact 
The Primary Contact is a point of contact at the company for CRC registry and 
for the CRC team at the Environment Agency. 

- CRC Secondary Contact 
The Secondary Contact is a second point of contact at the company in case the 
Primary Contact is unavailable. 

- CRC Account Representative/s 
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Later during the scheme (not at the time of registration, but before the first 
sale of CRC allowances), the participant company must nominate a CRC 
Account Representative (at least one, maximum three), who will take 
responsibility for purchasing and surrendering allowances. 

 

 
Figure 1: CRC Timeline (Environment Agency, 2012) 
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Performance League Table – Early Action Metric, Abs olute Carbon 
Reduction Metric and Growth Metric 
 
At the beginning of the scheme, a Performance League Table (PLT) was introduced to 
provide financial and reputational incentives to those who can demonstrate annual 
reduction in their carbon emissions. The PLT was based on three metrics – Early 
Action Metric, Absolute Carbon Reduction Metric and Growth Metric. To score well 
in the Early Action Metric, a participant must demonstrate that they have taken 
responsible actions in the early stage of the scheme to reduce their carbon footprint by 
installing voluntary Automatic Meter Reading  (AMR) meters and getting accredited 
with the Carbon Trust (or equivalent) Standard. To score well in the Absolute Carbon 
Reduction Metric, the participant must demonstrate year-on-year reductions in their 
absolute carbon emissions. To score well in the Growth Metric, the participant must 
demonstrate year-on-year reductions in their normalised emissions (i.e. emissions 
normalised to annual turnover). After the removal of financial incentive (revenue 
recycling) from the scheme in the spending review of October 2010, the CRC 
performance league table now only provides reputational incentive. 
 
- Absolute Carbon Reduction Metric 
This metric is based on the percentage change of a participant’s absolute carbon 
emissions in the last 5 years, or the last available years of the scheme if less than 5. 
 
- Growth Metric 
This metric is based on the percentage change of a participant’s carbon emissions per 
unit turnover in the last 5 years, or the last available years of the scheme if less than 5. 
 
- Early Action Metric 
This metric is divided into two equal parts with a 50% weighting for getting 
accreditation from the Carbon Trust (or equivalent) Standard and a 50% weighting 
based on the percentage of the organisation’s electricity and gas supplies which are 
measured through voluntarily installed AMR meters and dynamic unmetered supply 
(UMS) during a reporting year.  
 
In the first reporting year of Phase 1, the position of a participant in the PRT will 
depend solely on the ‘Early Action Metric’ since the other metrics have no weighting 
in this year as can be seen in figure 2. After Phase 1, the ‘Early Action Metric’ will 
not affect a participant’s position in the PRT. 
 

 
Figure 2: League table in CRC Phase 1 (Environment Agency, 2012) 

 

Carbon Trust Standard 
 
This standard, previously known as the Energy Efficiency Accreditation Scheme, is a 
quality standard that recognises an organisation’s processes and achievements in 
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energy efficiency. Following the name change, the standard focuses on carbon 
reduction rather than energy efficiency.  
 
In order to achieve the Carbon Trust Standard an organisation must measure the 
following energy uses. 
 
‘Level 1’ emissions: This includes energy use from direct emission sources such as 
gas, oil (liquid fuels including transport fuels) etc. and indirect emission sources such 
as electricity and heat/steam supplies. The organisation must record this information 
to achieve the standard 
 
‘Level 2’ emissions: This includes energy use from direct emission sources such as 
process emissions, fugitive emissions and indirect emission sources such as business 
travel by air, sea, rail, bus, taxi, hired car etc. This information is optional for the first 
certification, but for recertification it must be provided except where the energy 
expenditure of the company is less than £50,000. 
 

Carbon allowances 
 
According to the initial CRC plan, participants were required to buy carbon 
allowances (one allowance for each tonne of CO2e emitted) on the basis of their CO2e 
emissions forecast for the forthcoming CRC year. However, in the 2010 spending 
review, it was decided that in the first phase of the scheme, allowances will be bought 
retrospectively as a ‘buy-to-comply’ approach instead of a ‘forecast-and-buy’ 
approach. Revenue recycling has been removed, and the money generated from the 
sale of allowances retained by government for public finances. The first retrospective 
sale of allowances for CRC emissions started in June 2012 for the 2011-12 emissions, 
at a fixed price of £12 per allowance.  
 
There is an unlimited number of allowances available to be purchased in the first 
phase. A cap on available allowances was initially proposed to be introduced from the 
second phase, which would drive the price of the allowance. In the CRC 2012 
consultation (DECC, 2012), it has been proposed to remove the cap and sell 
allowances at a fixed price. It has also been proposed that, from the second phase, 
there should be 2 sales in each year, a low price sale and a comparatively higher price 
sale later. This is intended to incentivise participants with good energy management 
as they can figure out their total emissions quicker and buy allowances at a lower 
price. 
 

Allowance trading mechanism 
 
Each participant organisation is required to appoint at least one Account 
Representatives (maximum three), who will be permitted to buy, sell and surrender 
allowances on behalf of a participant organisation. The Account Representative, after 
being nominated by the primary contact of the organisation (usually MD/CEO), must 
obtain a digital certificate, at a certain cost, from a digital certificate provider 
nominated by the Environment Agency. 
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Energy supplies in CRC 
   
Based on CRC rules (Environment Agency, 2012), five checks must be performed 
before the supply is included in CRC reporting. 
 
- Check 1: Identify the responsibility of supply 
 
Energy supplies could be the responsibility of either the occupier or owner of the 
property and it is important to identify who is responsible for the supplies to a site or 
building. The Environment Agency has published detailed guidance on this issue in 
2010: http://www.environment-agency.gov.uk/static/documents/Business/CRC_-
_supply_rules_clarification.pdf. 

 
In most cases, according to this guidance, the party that is responsible for the supplies 
is also responsible for payments within CRC. 
 
- Check 2: Identify the types / profiles of supply 
 
The profile type of an electricity supply indicates whether the supply is residual or 
core. This is actually a 2 digit number which can be found on the meter and on the 
electricity bill. The number circled in figure 3 shows the profile type ‘00’, which 
means a core non-domestic supply. More non-domestic meters may have profile types 
05, 06, 07 or 08, which are also core supplies. For gas, a supply can be classified as 
core supply if the supply has a meter that measures on a daily or hourly basis, or if it 
is a large gas point meter (gas supplies through this meter during a footprint year 
being greater than 73,200 kWh).  
Profile types 01, 02, 03 and 04 are residual electricity supplies. Gas supplies which do 
not meet the above metering criteria are also residual gas supplies. 
 
 

 
Figure 3: Meter / Supply Information 

 
- Check 3: Identify the type of metering on supplies 
 
Once the profile type has been identified, the type of metering must be confirmed to 
identify the supply as ‘core’ or ‘residual’. This check is necessary to calculate the 
CRC participant’s score in for the Early Action Metric. There are different types of 
meters identified in CRC. The first type is Settled HHM (Half Hourly Meters), which 
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are used by the electricity suppliers to calculate bills; these meters are installed on 
core supplies. The second type is Remotely Read AMR Meters. These are non-settled 
HH meters. They may be installed both on electricity and gas, and the consumption 
data must be made available to the customer. They may be read by a third party 
organisation, which would then make the data available to the customer. If an AMR 
meter is installed on a residual supply and it meets the conditions mentioned, the 
supply will be considered as ‘core’ instead of ‘residual’. 
 
- Check 4: Identify the supply as actual / estimated 
 
In CRC, a supply that has been reported based on ‘estimated readings’ covering a 
minimum 6 months period during the footprint year will be treated as an estimated 
supply and will be subjected to a 10% uplift in CRC annual reporting.  
 
- Check 5: Identify if the regulated emissions now meet the residual percentage; 
if not, include the residual supplies 
 
Regulated emissions include core CRC emissions, emissions reported in EU ETS (if 
any) and emissions covered by CCA (if any). If the regulated emissions are less than 
90% (i.e. as the so-called residual percentage) of the participant organisation’s total 
CRC eligible emissions, then residual emissions must also be included, up to the point 
where the reported emissions cover at least 90% of the total emissions. Any supplies 
above that point can also be voluntarily reported. Any core emissions must not be 
excluded if the regulated emissions make more than 90% of the total emissions.  
 
Use of fuels as mentioned in table 1 must be monitored and reported if the residual 
percentage is not met by the regulated emissions, up to the point where the residual 
percentage is achieved. The supplies excluded from the scheme are as follows. 
 

- Supplies for transport, domestic accommodation, and for activities whose 
emissions are already covered by CCA / EUETS. 
- Supplies after meeting the 90% rule, though these may be voluntarily 
included. 
- Supplies to the subsidiaries with over 25% of the emissions covered under 
CCA, and any  emissions that are covered by EUETS. 

 

CRC source list tool 
 
The Environment Agency has developed a spreadsheet tool to assist participants with 
energy data management for CRC. While this tool is helpful in that it ensures that the 
5 checks on energy supplies, as mentioned above, are carried out, it is a protected 
product which cannot be modified by users. 
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Table 1: List of Residual Fuels 

 

Reporting and Evidence Pack 
 
At the end of each CRC year, a participant must submit certain reports using the 
online CRC registry. As shown in figure 1, in the first year of a phase, a participant 
must register if the organisation meets the qualification criteria. A footprint report is 
also submitted in the first year of each phase. An annual report, as the name suggests, 
must be submitted annually in each phase. Two annual reports are required to be 
submitted in the last year of each phase. However, in the 2012 CRC consultation 
(DECC, 2012), it has been proposed to remove the requirement of a second annual 
report in the last year of each phase. 
 
An Evidence Pack must be kept and maintained by each participant. This contains the 
evidence of information submitted in the registration and in CRC reports. It must also 
contain information on internal audits signed by top management, records of any 
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installation/removal of meters, records of change of supplier, bills/statements, proof 
of score in EAM (such as a Carbon Trust Standard certificate or installation records of 
AMR meters), records of communication with suppliers or scheme administrators (i.e. 
the Environment Agency), and any information that is required to prove the 
legitimacy of figures submitted to the CRC registry. 
 

Internal Audits 
 
In CRC, participants are required to carry out regular internal audits to ensure that 
records are complete, correct and adequate. These audits may include checks on 
organisational changes, liability assessments, errors in data etc. These audits must be 
signed off by top management, usually the person identified as the primary contact at 
the time of registration in the scheme. 
 

External Audit 
 
The Environment Agency, who is also the administrator of the CRC scheme, aims to 
audit 20% of participants each year. It is claimed that participants will be audited on a 
risk-assessed basis, which means that organisations with more complex data or 
supplies are more likely to be audited. There will be one of three possible outcomes of 
an external audit: Pass, Pass with improvement action, or Fail. If the audit shows that 
the emissions as reported were more than 5% incorrect, then a fine of £40 per tonne of 
unreported CO2e will accrue. In the case of severe non-compliance, the senior 
responsible officer can face prosecution and imprisonment. The results of external 
audits are published annually so that there is also a risk of reputational damage for an 
organisation if it fails to meet the compliance requirements. Therefore, it is important 
to ensure that regular internal audits are conducted, as this helps to prepare an 
organisation for external audit. 
 

Existing research work on CRC impacts and mitigatio n 
 
CRC is a complex scheme and there is no generic compliance strategy. CRC does not 
target particular sectors, so the coverage includes participants from various sectors. 
The relative impact on organisations is therefore unclear, especially where they differ 
in relation to their fuel type use, organisational structure, participation in other 
schemes, etc. A few researchers have examined the impacts of CRC on participants in 
general, or in certain sectors such as health care, water, commercial properties etc. 
 
Rabinowitz (2009), for example, discussed the high level implications of CRC on 
sectors such as commercial properties, local authorities, franchise businesses and 
construction. These implications included the complexity of identifying who is liable 
for CRC in commercial properties, lack of control on energy usage by local 
authorities and franchise businesses, and the new forms of agreement required to 
handle CRC targets and costs. He also suggested that CRC emissions from the 
construction sector would vary widely depending on the number of projects 
undertaken each year. Further, due to the usage of a number of different fuels, 
residual fuels may also need to be recorded and reported. Finally, he predicted that the 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

27 

price of the carbon allowance would become a factor in an organisation’s long term 
budget.  
 
Sarwar (2008) analysed the impacts of a carbon emissions trading scheme on the UK 
water industry. She suggested that the key challenges would include data collection 
and collation, lack of understanding of the scheme’s complexity, and the need for a 
centralised strategy. At a general level, she proposed 10 steps to reduce the impact of 
CRC as follows: 
 

1. Involve others early. 
2. Appoint a Carbon Manager. 
3. Understand your greenhouse gas emissions. 
4. Cost of carbon reduction. 
5. Be energy efficient. 
6. Water efficiency. 
7. Renewable energy potentials. 
8. Source controls. 
9. Carbon trading. 
10. Supply chain. 

 
Craig (2009) researched the impacts of CRC on the National Health Service and 
discussed both the negative impacts and underlying opportunities. He suggested that 
impacts are ‘likely to be significant’ and identified that high capital projects could be 
financially beneficial in the longer term. 
 
Bright (2010) discussed the impact of CRC on the tenanted commercial sector. He 
identified issues such as the variety of ways by which energy may be supplied to a 
tenanted property, the complexity of the CRC scheme, and the split incentive of 
commercial leases as principal issues. He also identified that the traditional 
adversarial relationship between landlord and tenant as a major obstacle to 
implementing abatement measures. A similar issue was identified in this research for 
construction companies, which temporarily acquire a property for construction work, 
are responsible for emissions during the acquired period, but have limited ability to 
improve metering or the energy efficiency of the site.  
 
Rabinowitz (2009) and Craig (2009) both suggested that marginal abatement cost 
curves (MACC) should be produced to model carbon reduction strategy against 
abatement price. 
 
It was observed in the existing research work that only high level information was 
available about CRC impacts and their mitigation. Use of MACC was suggested as a 
tool, but no information about the practical use of this tool for CRC participants was 
found in the literature. 
 

Marginal Abatement Cost Curve (MACC) 
 
MACC is a method to present and compare a number of available carbon abatement 
opportunities in a graphical manner. The curve provides the carbon abatement 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

28 

potential of each opportunity (tonnes of CO2e on the x-axis) versus the cost of 
abatement (£/tonne of CO2e on the y-axis). 
 
Kesicki (2010) has researched the use of a marginal abatement cost curve with 
country-level policymakers. The concept was still in use in 1991 as a means to 
illustrate the cost associated with carbon abatement (Jackson, 1991). Similar curves 
were used in the 1970s and 1980s to identify crude oil consumption abatement, and 
later for the saving of electricity consumption (Meier, 1982). 
 
In figure 4, A to J represent various opportunities that are available to reduce carbon 
emissions. The width of each opportunity on the x-axis represents its carbon 
abatement potential in tonnes of CO2e, while the y-axis represents the cost of 
abatement of that opportunity. Such a tool can be helpful to decision makers, as the 
cost of abatement can be readily compared to the CRC allowance price. If the 
allowance price is lower than the cost of abatement for that opportunity, it becomes 
financially unattractive to take that action. Also, if a carbon reduction opportunity in 
an organisation offers an attractive (i.e. low) marginal abatement cost, but its potential 
to reduce carbon emissions (i.e. shown by its width on y-axis) is very low, then the 
organisation may chose not to spend their resources on this opportunity as it would 
produce little overall impact. 
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Figure 4: Marginal Abatement Cost Curve (Somar, 2010) 

 
To develop a MACC, a spreadsheet tool was developed by Somar (2010), which was 
inspired by a similar tool developed by the Carbon Trust (2010). The latter tool is 
limited to 7 projects at any time, whereas Somar’s tool can be used for up to 10 
projects although more projects can be added as required. 
 
As shown in figure 5, Somar’s tool requires the following information for each 
project. 
 

- Name of project. 
- Capital cost. 
- Annual benefit/cost. 
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- Annual average CO2e savings. 
- Project life. 
- Company’s accepted discount rate on financial investments. 

 

 
Figure 5: Information to develop a MACC (Somar, 2010) 
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This information is normally available within the business case for each project. The 
annual benefit/cost can be calculated by annual cash flow in terms of a project’s 
operation, maintenance costs and cost benefits. An example is given in table 2. 
 
 
 

Project X 
Capital cost A £1,000 
Annual operating cost B £500 
Annual maintenance cost C £700 
Annual energy saving cost D £750 
Annual incentive E £750 
Annual benefit/cost D + E – B – C £300 

Table 2: Information to develop MACC 
 
An important factor in the development of a MACC is the user’s accepted discount 
rate on financial investments. Due to the financial value of the carbon in schemes 
such as CRC and EU ETS, a project’s lifetime carbon saving can also be discounted. 
 
The spreadsheet tool calculates the net present value (NPV) for each opportunity, and 
divides this value by the average annual CO2e savings and the project life time. This 
yields the marginal abatement cost in £/tonne of CO2e. 
 

Emission Reduction Investment Curves (ERIC) 
 
Lavery (2011) proposed an alternative method claiming as an improved alternative to 
MACC. This new method is known as an Emission Reduction Investment Curve 
(ERIC). Though there is little information available about this method, it has been 
used by Booz & Company (Fayad et al, 2011) to model a carbon reduction strategy. 
Figure 6 shows an example ERIC curve by Lavery (2011), who argues that MACC 
curves are unhelpful since they do not display IRR, which is generally a more reliable 
metric for CEO and CFO level officers within a company. 
 

Internal Rate of Return (IRR) 
 
M. A. Mian (Mian, 2011) defines the internal rate of return, or simply IRR, as: The 
internal rate of return (IRR) or economic rate of return (ERR) is a rate of return used 
in capital budgeting to measure and compare the profitability of investments. It is also 
called the discounted cash flow rate of return (DCFROR) or the rate of return (ROR). 
In more general terms, the internal rate of return on an investment or project is the 
"annualized effective compounded return rate" or "rate of return" that makes the net 
present value (NPV as NET*1/(1+IRR)^year) of all cash flows (both positive and 
negative) from a particular investment equal to zero (Wikipedia, 2013). In the context 
for this research, in an organisation with investing stakeholders, if the internal rate of 
return for a carbon reduction opportunity is greater than their acceptable rate of return, 
the investment would then be considered as acceptable. 
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Figure 6: Emissions Reduction Investment Curve (Lavery, 2011) 

 
 
With MACC, the more negative an opportunity appears on the x-axis, the more 
attractive it is; this is counter-intuitive. On the other hand if the opportunities were not 
expressed as both negative and positive in terms of their carbon abatement cost then 
the method would not allow users to compare opportunities in terms of the abatement 
cost set against the carbon allowance price. 
 
In ERIC, as with MACC, the x-axis displays the carbon reduction potential of the 
opportunities. The y-axis, in this case, is a logarithmic scale showing the IRR of each 
opportunity. The emphasis here is on IRR rather than the money spent per tonne of 
emissions reduction - ERIC can show the IRR of individual projects as well as the 
cumulative IRR of multiple projects. Since there is no assumption of discount rate, 
decision-makers can chose their preferred risk level by examining the IRR. 

1.3 Impacts of CRC on a participant 
 
As presented in section 1.2, few researchers have carried out research since the 
introduction of CRC aimed at understanding the impact on participant companies 
operating in various sectors. That said, a number of impacts have been identified. 
Organisations are required to firstly assess if they are liable to participate in CRC, 
which is itself a daunting and challenging task. The profile and metering types 
associated with electricity and natural gas supplies are not usually known to facility 
managers or the finance team, who generally deal with an organisation’s energy bills. 
Therefore, it is a non-trivial task to assess if they are consuming half-hourly metered 
electricity above the CRC threshold during the qualification period. For organisations, 
which are already part of EU ETS or hold CCA, the assessment is further 
complicated. In addition to the above issues, there are issues such as landlord/tenant 
arrangements, inappropriate metering, and inaccessibility to energy data etc. all of 
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which make it difficult to assess the extent of liabilities. Once an organisation has 
been assessed and identified as a participant, metering of energy usage for all fuel 
types becomes even more important, which is a challenging task for those 
organisations that consume a significant amount of fuels other than natural gas and 
electricity. It is also a challenge to maintain the records of events such as 
commencement/termination of supply.  
 
CRC, especially after the removal of revenue recycling in the 2010 spending review, 
has introduced additional costs on participant organisations. And the financial risk 
may become even greater if a cap on allowance is imposed from the second phase, 
which would then drive the price of the carbon allowance. There are also risks of 
punitive fines (and even imprisonment) for non-compliance. Due to these impacts, 
energy issues are now routinely discussed in the board room, where senior managers 
consider impact mitigation strategies such as renewable energy systems deployment 
and energy efficiency measures. Another major risk for private sector firms is 
reputational damage due to the publication of the league table. 
 
Another major cost burden is associated with the additional systems and procedures 
required to ensure data capture for compliance. Only through such systems and 
procedures can a participant with a complex organisational structure meet its 
obligations within the scheme. 
 

Mitigation of Impacts of CRC 
 
Due to factors that distinguish one participant from another, there is no universal 
strategy to mitigate the impacts of CRC. Tools such as MACC and ERIC can be a 
good starting point to find the best opportunities to devise a compliance strategy. 
Also, there is a strong need to realise the opportunities that CRC has introduced. 
Reducing emissions potentially means reducing costs. CRC provides the drive for 
innovative technological solutions (such as tamper proof timers as discussed in 
section 5.1). CRC and other schemes such as Display Energy Certificate (DEC) have 
also provided a means to link property value with energy performance. Organisations 
that hire a specialist Energy Manager or CRC Manager also get the opportunity to 
identify low/no cost options to reduce energy consumption and thereby save money. 
Achievements such as a good position in the CRC league table, certification with 
Carbon Trust Standard or equivalent, and the implementation of renewable energy 
systems or energy efficient products can also provide organisations with opportunities 
to increase turnovers through marketing of their achievements.  
 
It is hypothesised that through specifically designed systems and procedures in hand 
with a carbon reduction strategy, the impacts of the scheme can be mitigated. It is also 
hypothesised that techniques such as MACC and ERIC are useful adjuncts to devising 
a carbon reduction strategy. 
 

Risks with new and innovative technologies 
 
With the evolution of sustainable business needs, the market has grown for new and 
innovative technologies. According to Blok et al (2008), the total investment required 
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for energy efficient technologies is estimated at €60 billion (approximately £50 
billion) per annum. In wind, solar PV and bio-fuels alone the market size is estimated 
to reach £246.9 billion by 2012. Due to this potential, there is a risk of unscrupulous 
companies selling ‘green’ products that do not deliver the claimed energy savings or 
carbon reductions. Due to a lack of knowledge about new and innovative 
technologies, a buyer finds it hard to assess the validity of claims by product/service 
providers. Examples abound of scams which trick into buying energy saving device 
that do not work (Which, 2011). There is also an example of a geothermal pump that 
was Energy Star rated despite the fact that its efficiency claims exceeded any 
comparable product (Priesnitz, 2010). 
 
As this has brought additional risks with implementing energy efficiency measures 
and renewable energy systems, there is an ever greater need to verify the carbon 
reductions from implemented projects. A carbon reduction strategy may be weak and 
unable to deliver results as expected if these risks are not considered. It is 
hypothesised here that appropriate monitoring & verification can reduce these risks 
and ensure the delivery of carbon reduction targets. 
 

1.4 Research Requirements and Knowledge 
 

While researchers have considered the different impacts of CRC and possible 
mitigation approaches within various sectors, there are still missing elements in the 
literature.  
 
The existing analysis of impacts is at a high level, and does not identify the systems 
and procedures that should be in place to meet the requirements of CRC. No research 
has been found which quantified the cost implications of CRC on a participant 
organisation at a level of detail that may be acted upon. While the existing research 
gives recommendations to mitigate the impacts of CRC, there is a lack of information 
on specific implementations and the beneficial outcomes from such implementations. 
Tools such as MACC and ERIC have been suggested as an apt means to establish a 
compliance strategy; no such approach has yet been applied within a CRC participant 
organisation to determine effectiveness. It has also been identified that, while CRC is 
acting as a driver to reduce carbon emissions, there is a danger that organisations 
trying to implement innovation risk being duped. Including such innovative 
technologies in MACC and ERIC could be high risk unless there is a reliable way to 
include such opportunities in the compliance strategy. 
 
This research was undertaken to address these missing elements in the previously 
available research work. Barr Holdings, which is a CRC participant organisation 
operating in Aggregates, Environmental and Construction sectors was chosen to 
conduct this research. These sectors contribute 5.6% of the UK’s total energy 
consumption (DECC, 2010). This company, presenting a complex structure in terms 
of the number of different fuels used, provided a good opportunity for this research. 
 
This research will not only help the CRC participant Barr Holdings, but also provide 
an approach that can be applied by any organisation that is liable to a similar scheme, 
or an organisation that is aiming to develop its carbon reduction strategy. The key 
contributions that have been made in this research work can be given as follows. 
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- As identified in sections 1.2 and 1.3, the pre-existing research work did not 

present a quantification of the impacts of CRC. It was the first systematic 
research work in which the impacts of CRC were quantified in financial terms, 
as presented in Chapter 2 section 2.6. 

- This was the first research project to identify, implement and improve the 
required systems & management procedures for a CRC participant, in order to 
stay compliant and to mitigate the impacts of this complex scheme. 
Development of tool such as ‘CRC Footprint Tool’, set up of ‘CRC Team’, 
and implementation of ‘CRC Procedure’ (which have been presented in 
section 3.1) were necessary for Barr to stay compliant, mitigate the impacts 
and reduce the risks of non-compliance. 

- The research work has presented and trialled different management 
approaches in terms of decision making for carbon reduction projects, using 
various decision support tools such as MACC and ERIC for the first time in 
Construction and Aggregates sectors. A blended CALoRIC tool was also 
developed as part of this research, as presented in section 4.3, which may be 
used by other organisations / sectors. 

- A new approach, not evident from any available research work, was used in 
this research work to quantify real carbon emission reductions for an 
organisation. As presented in section 5.11, it was identified that a company 
must implement energy benchmarking methods, supported by monitoring & 
verification of implemented carbon reduction opportunities, to quantify the 
real carbon reductions that have been achieved in a given time period. It is 
also important to realise the carbon reduction potential of various carbon 
reduction opportunities, as it reduces risk, and help in devising further carbon 
reduction strategy. 

 
Overall, the approach used in this research project is unique itself, and can be used 
by researchers / energy managers in similar or different sectors, to 
 
- Identify & quantify the impacts of a given scheme (whether legal or optional) 
- Identify and compare carbon reduction opportunities using latest decision 

support tools 
- Monitor & verify actual carbon reductions, and implement relevant energy 

benchmarking methods to quantify actual organisational carbon reductions 
 

1.5 Changes in CRC Scheme 
 
This research work was conducted at Barr Holdings from February 2010 to October 
2012. During this period, the first major revision of the scheme was announced by the 
UK government in October 2010 spending review. The major changes were as 
follows. 

- Revenue recycling was removed from the scheme and it was confirmed that 
money generated from sale of allowances will be retained by the government 
for public finances. 

- The sale of allowances was postponed by one year, to start from April 2012 
instead of April 2011. 
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- Postponement of the opportunity to have two sales of allowances, i.e. forecast-
based and retrospective, allowing for only retrospective purchase of carbon 
allowances. 

 
These changes were considered and were part of this research. However, the 
participants continued complaining about the complexity of the scheme and financial 
burden of the scheme. In order to address these issues, government initiated a 
consultation in March 2012 on further changes to the scheme. The response to this 
consultant was published in December 2012, notifying participants of a number of 
significant changes. Since these changes are being implemented after the research 
work had been completed at Barr, therefore, this work does not take these into 
consideration. To understand these changes in the light of this research, the major 
changes have been summarised as follows. 
 

- The CRC Performance League table was abolished from 2012-13. However, 
the Environment Agency has proposed to publish the aggregated participants’ 
energy use and emissions data. It means that the participants don’t need to 
consider emissions / energy use coverage by AMR meters and Carbon Trust 
Standard (or equivalent). 

- The number of fuels covered by the scheme was reduced from 29 to 2, leaving 
Electricity and Natural Gas only under the coverage of CRC Scheme (where 
the use of Natural Gas for heating purposes only is covered by the scheme). In 
CRC year 2011-12, Barr had only 33% of its CRC emissions rising from these 
remaining 2 sources of energy. Therefore, Barr can expect its CRC bill to 
reduce by approximately one third. 

- 90% residual percentage rule was also removed. A 2% de-minimis rule has 
been introduced for Natural Gas use. So, if the Natural Gas use of an 
organisation is less than 2% of its Electricity use, then the Natural Gas use can 
be excluded from CRC reporting for the whole remaining phase. In CRC year 
2011-12, Barr’s Natural gas use was 4.6% of its electricity use. 

- The deadline to surrender purchased CRC allowances was extended by 3 
months to last working day in October. 

 
In terms of impact of these changes to this research work, the approaches and tools 
identified in this research will still remain valid and useful for organisations impacted 
by CRC or other similar schemes / taxes. Reduction of number of energy sources will 
provide a reduction in financial burden to CRC participants such as Barr whose only 
33% emissions were coming from Electricity and Natural Gas, but on the other side, 
removal of residual percentage rule may put additional burden on participants to 
spend resources in collecting data for areas with negligible Electricity and Natural gas 
use. The abolition of performance league table does not affect a company much, as it 
was already a less effective reputational driver. The change in terms of Carbon Trust 
Standard (or equivalent) and voluntary AMR requirements will reduce their cost 
impact at one end but, on the other end, the organisation will not be able to benefit 
from the opportunities arising from these. After these changes, it is anticipated that, 
for Barr, the financial burden of CRC scheme will be reduced by around a third of its 
current impact, so it will be outweighed by the financial savings from implemented 
carbon reduction opportunities during this research. In terms of energy sources not 
covered under CRC Scheme, even after these changes, this remains a valid argument 
that reduction in costs and carbon emissions from the carbon reduction opportunities 
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in these can help in outweighing the costs of CRC. So, an organisation that is aiming 
to reduce energy costs and carbon emissions should consider looking into potential 
energy reduction opportunities in energy sources not covered by a scheme like CRC. 
 

Objectives of the project 
 
The key objectives of the present project were as follows. 
 

- To identify the impacts of CRC on a participating organisation. 
 
- To identify and implement opportunities to mitigate the impacts of CRC. 

 
- To identify a best practice approach to identifying cost-effective carbon 

reduction opportunities. 
 

Research method 
 
This study was conducted using empirical data derived from field based research. The 
research includes both qualitative and quantitative methods. 
 

- Empirical Research 
 
Empirical research is defined as research based on observed and measured 
phenomena. It reports research based on actual observations or experiments using 
quantitative research methods and will typically generate numerical data involving 
two or more variables (NSU, 2010). In this research, field based research was 
conducted within a CRC participant company over an extended period of time (3 
years). 
 

- Quantitative Research 
 
Quantitative research refers to the systematic empirical investigation of social 
phenomena via statistical, mathematical or computational techniques (Given, 2008). 
This research project involved analysing data during various stages of the CRC 
process. 
 

- Qualitative research 
 
Qualitative researchers study things in their natural settings, attempting to make sense 
of, or to interpret, phenomena in terms of the meanings people bring to them (Denzin 
and Lincoln, 1994). This research involved information acquisition from the 
employees of a CRC participant company. 
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- Semi-structured interviews 
 
Semi-structured interviews, also known as in-depth interviews are used in research to 
provide flexible boundaries to the interviewer in order to get maximum information 
from the interviewee. In-depth interviews, also involve the capturing of respondents’ 
perceptions in their own words, a very desirable strategy in qualitative research 
(Saunders et al 2007). In this research, semi-structured interviews addressing various 
topics were used to obtain both qualitative and quantitative information related to the 
CRC participant company. 
 

- Focus Group 
 
Henderson (2009) defines a focus group as a form of qualitative research in which a 
group of people are asked about their perceptions, opinions, beliefs and attitudes 
towards a product, service, concept, advertisement, idea or packaging. In this 
research, a focus group was established in the CRC participant company to obtain the 
views, and approval where required, of a targeted group of employees about the 
carbon reduction strategy and available opportunities.  
 
 

Project Approach 
 
The flowchart of figure 7 displays the project approach used within this research 
project. A brief description of each stage follows. 
 

- Stage 1: Review of CRC & Existing Research 
 
The first stage involved the review of the CRC scheme, its rules, revisions over time 
and available research. At the end of this stage, the project objectives, research 
method and project approach were identified. 
 

- Stage 2: CRC Impacts 
 
In the second stage of the project, research focused on a complex CRC participant 
company. The company’s CRC qualification and liabilities were identified by 
understanding its operations. This stage also included examining the company’s 
existing systems & procedures, and identifying new systems & procedures required to 
meet the requirements of CRC. At the end of this stage, the financial impacts of CRC 
on the company were quantified, including a sensitivity analysis. 
 

- Stage 3: Mitigation of CRC Impacts 
 
In the third stage of the project, the required systems & procedures were defined and 
implemented within the company as required to meet the needs of CRC. Corrective 
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actions were also implemented, where required, based on the outcome of suggested 
implementations to improve the systems & procedures. In this stage, the carbon 
reduction opportunities were identified, and MACC/ERIC curves were plotted to 
compare options. A new CALoRIC curve (Carbon Abatement Low Risk Abatement 
Curve) was developed to address the issues identified in using MACC/ERIC curves. 
Relevant carbon reduction opportunities were then implemented on the basis of the 
CALoRIC outcomes and other company-specific factors. The performance of 
implemented opportunities was then monitored & verified, and corrective action taken 
where appropriate. MACC, ERIC and CALoRIC curves were also re-plotted on the 
basis of learning outcomes from the monitoring & verification work. 
 

- Stage 4: Conclusions 
 
This was the last stage, where learning from the whole project were summarised and 
concluded. In this stage, some possible future work was also suggested. 
 

1.6 Chapter Summary 
 

To meet its commitment on carbon reduction targets, UK government has introduced 
several initiatives to business and domestic consumers of energy. These initiatives 
include both energy efficiency and renewable energy opportunities. The mandatory 
CRC Energy Efficiency Scheme was one of the initiatives introduced by the 
government to target energy reduction from non-energy-intensive businesses 
operating in the UK. Since its introduction, the scheme has been revised several times. 
Existing research has identified the high level impacts of the scheme and possible 
solutions to mitigate these impacts. However, it was still difficult for organisations 
participating in CRC to estimate exactly how much CRC would affect their business, 
especially after the revenue recycling part was removed from the scheme. No 
evidence was found about actual implementations of the impact mitigation techniques 
as suggested. Therefore, a research project was proposed to be conducted within a 
complex CRC participant organisation. The main objectives of the project were to 
identify the impacts of CRC and their mitigation opportunities in detail and, by 
implementation in practice, to determine the best strategy to manage impact 
mitigation in practice. 
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Figure 7: Project Approach 
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2 MITIGATION OF IMPACTS OF CRC 
 
In chapter 1, the need was identified to analyse the impacts of CRC on participant 
organisations in depth. To carry out this analysis, a CRC participant company with a 
diverse range of operations was chosen. This chapter provides information about the 
company, its operations and its energy use. The chapter also includes the information 
obtained from the company through observation and structured interviews, which was 
then used to identify company’s liabilities in the CRC. The chapter also includes 
information about the company’s existing systems & procedures that relate to energy 
use and the collection of the information required to comply with the CRC scheme. At 
the end of this chapter, an analysis is carried out to estimate the financial impacts of 
CRC on the company. 
 

2.1 The Company 
 
Barr Holdings was chosen as the CRC participant company for this research. The 
company operates in a diverse range of business sectors including aggregates, 
construction, landfill sites, waste recycling, steel fabrication and agricultural precast. 
According to the Engineering Manager at Barr (Interview 1; AG, 2010), the company 
has 3 head offices in different parts of Scotland, 17 permanent operational sites and 
17 temporary construction sites. The operations of the Construction Division are 
spread across the UK.   

- Barr Industrial 
 
The industrial division mainly operates in the Aggregates sector, which includes 
quarrying, asphalt production, ready-mix concrete production and road surfacing & 
civil engineering works. 

- Barr Construction 
 
The construction division has a large portfolio comprising the construction 
management for projects such as hospitals, schools, retail stores, stadia, wind farms, 
leisure centres, residential and industrial buildings, etc. 

- Barr Environmental 
 
The environmental division includes landfill, waste recycling/transfers and skip hire. 

- Barr Manufacturing 
 
The manufacturing division includes precast concrete production and a steel 
fabrication business. 
 
Due to the diversity of operations, the company provided an opportunity to analyse a 
complex CRC participant. With approximately 28,000 tonnes of carbon emissions per 
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annum (Interview 1; AG, 2010), stemming from a range of emissions sources within 
the business, Barr provided a good platform to look into the CRC scheme’s impacts, 
and an opportunity to test carbon reduction opportunities within some of the 
company’s energy intensive operations. 
 

2.2 Energy use at the company 
 
The company currently uses the following fuels/sources of energy. 
 

- Electricity 
- Natural Gas 
- Gas oil 
- Kerosene 
- Light Fuel Oil (LFO) / Burning Oil 
- Derv (Diesel) 
- Petrol 
 

The research was carried out within the company’s premises located at its main depot 
known as Killoch Depot. Fuel use, as observed at the company, is summarised in 
table 3. 
 
Energy Source Uses 
Electricity Lighting, Space heating, Motors / Drives 

in the Quarries, IT equipment 
Natural Gas Negligible use in office stoves 
Gas Oil Mobile plant and machinery on 

construction sites and quarries, standby / 
temporary electricity generators on 
construction sites, Heating in asphalt / 
coated aggregates production plants 

Kerosene Space heating, Heating in asphalt / coated 
aggregates production plants 

Light Fuel Oil / Burning Oil Heating in asphalt / coated aggregates 
production plants 

Derv (Diesel) Company’s road-going vehicles (cars, 
vans, lorries, road going tippers & 
mixers), external hauliers’ vehicles 

Petrol Negligible use in cars 
Table 3: Energy use at Barr 

 
Table 4 shows the energy consumption and carbon footprint information for the 
company in 2008. 
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2008 
Energy Carbon emissions 

Energy Source Unit Unit CO 2 conversion factor tonne-CO 2 
Gas Oil Litres 4,558,680 2.762 12,591 
Derv Litres 2,783,444 2.639 7,346 
Kerosene / LFO Litres 1,048,206 2.532 2,654 
Electricity kWh 10,640,139 0.541 5,756 
Gas   kWh 533,769 0.1836 98 
Petrol Litres 14,421 2.3035 33 
Other       59 

  Total Emissions 28,537  
Table 4: 2008 Energy consumption and carbon footprint 

 
Also, energy costs have been derived from the given information, as shown in table 5. 
 

2008 
Energy Energy costs 

Energy Source Unit Unit pence/unit Total cost %age 
Gas Oil Litres 4,558,680 47.42* £2,161,726 34.03% 
Derv Litres 2,783,444 103.72* £2,886,988 45.45% 
Kerosene / LFO Litres 1,048,206 39.96* £418,863 6.59% 
Electricity kWh 10,640,139 7.97** £848,019 13.35% 
Gas   kWh 533,769 2.09*** £11,156 0.18% 
Petrol Litres 14,421 95.02* £13,703 0.22% 
Other       £11,136 0.18% 

  Total Cost £6,351,591    
*Gas Oil, Kerosene, Derv and Petrol prices have been taken from DECC statistics (average taken of Jan 
2008 and Jan 2009 price), available online at 
http://www.decc.gov.uk/assets/decc/statistics/source/prices/qep413.xls 
**Electricity price has been taken from DECC statistics, available online at 
http://www.decc.gov.uk/assets/decc/statistics/source/prices/qep531.xls 
***Gas price has been taken from DECC statistics, available online at 
http://www.decc.gov.uk/assets/decc/statistics/source/prices/qep571.xls 

Table 5: 2008 Energy costs 

2.3 Company’s Qualification & Liabilities 

CRC Qualification 
 
During the CRC qualification year 2008, the company recorded a consumption of 
7,765 MWh of half-hourly electricity, which is above the 6,000 MWh qualification 
threshold in CRC. The company was not participating in either EU-ETS or Climate 
Change Agreements and had no generation of renewable energy. Therefore no such 
supplies can be discounted, and the company must participate in CRC as a full 
participant. 
 

CRC Liabilities 
 
Based on the review of CRC rules in section 1.2, and comparing with the 
organisational information available for Barr Holdings, the following liabilities have 
been identified for the company in CRC. 
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- Registration in CRC 
 
Since the company meets the qualification criteria of the scheme, it had to register in 
the scheme by the registration deadline for the 1st phase of the scheme (i.e. July 2010). 
 

- Responsibility 
 
The company is required to nominate the following personnel, where the first three 
must be nominated before the company applies for registration in the scheme. 
 

- CRC Senior Officer 
- CRC Primary Contact 
- CRC Secondary Contact 
- CRC Account Representative/s 

 

- Energy Use 
 
As the CRC year runs from April to March, Barr must record its energy use for this 
period. At Barr, the latest available energy use and carbon footprint information was 
for the calendar year 2010. 
 
As can be seen in figure 8, which was developed on the basis of the company’s 2008 
carbon footprint breakdown, the total electricity and natural gas supplies will not 
comprise 90% of total CRC emissions, and therefore the company must record and 
report its residual supplies. 
 
 

Gas Oil
44.12%
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9.30%

Electricity
20.17%

Gas  
0.34% Petrol
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Other
0.21%

Gas Oil

Derv

Kerosene / LFO

Electricity

Gas  
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Figure 8: Pie chart: 2008 carbon footprint 

 
Based on the checks required on energy supplies in CRC, as elaborated in section 1.2, 
the following information was required to be recorded at Barr. This information was 
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separately identified for each energy source at the company to comply with the 
requirements of CRC. 
 

Electricity 
 
Information required: site name, supply profile, consumption (kWh), 
actual/estimated consumption, AMR/non-AMR. 
 
For the next phase of CRC, the information requirement for electricity will remain the 
same. However, if the amendment proposals are implemented then the following 
additional information will be required to be recorded. 

- Electricity used for the purpose of transporting, supplying or shipping of gas. 
- Electricity used for the purpose of generating, transmission or distribution of 

electricity. 
 

Natural Gas 
 
Information required: site name, meter type (daily read, non-daily read), 
consumption profile (<+73,200 kWh, >73,200 kWh), consumption (kWh), 
actual/estimated consumption, AMR / non-AMR. 
 
For the next phase of CRC, the information requirement for natural gas will remain 
the same. However, if amendment proposals are implemented then the following 
additional information will be required. 

- Natural gas used for the purpose of transporting, supplying or shipping of gas. 
- Natural gas used for the purpose of generating, transmission or distribution of 

electricity. 
 

Liquid fuels - Gas Oil 
 
Information required:  site name, consumption/delivery, actual/estimated, 
consumption (litres). 
 
If the amendment proposals are implemented then from phase 2, gas oil will only 
need to be reported where it has been used for heating purposes. As observed in the 
quarries and asphalt production plant at Barr, the company currently uses gas oil for 
both heating and power requirements. This means that there will be an additional 
requirement to record the end use of gas oil. 
 

Liquid fuels - Kerosene / Burning Oil 
 
Information required: site name, consumption/delivery, actual/estimated, 
consumption (litres). 
 
If the amendment proposals are implemented then from phase 2 Kerosene will only 
need to be reported where it has been used for heating purposes. As observed in the 
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asphalt production plants and site workshops at Barr, the company currently uses 
Kerosene mainly for heating. 
 

Liquid fuels - Diesel (Derv) 
 
Diesel is only required to be recorded if it is not being used for transport. If the 
amendment proposals are implemented then from phase 2 it will not be required to 
record and report any diesel use. 
 

Petrol and other fuels 
 
Petrol is not recorded for CRC reporting as minimal quantities are used at Barr for 
transportation only. No significant quantity of any of the other fuels is used at Barr. If 
the amendment proposals are implemented then from phase 2 it will not be required to 
record and report Petrol and other fuels (except electricity, natural gas, gas oil and 
Kerosene). 
 

- Carbon Trust Standard (or equivalent) 
 
Though achieving a Carbon Trust Standard accreditation (or equivalent) is not 
mandatory for a CRC participant, it was important for Barr in order to avoid being 
adversely listed in the CRC Performance League Table. 
 

- AMR metering 
 
Similar to achieving Carbon Trust Standard accreditation (or equivalent), it was not 
mandatory for a CRC participant to install AMR metering on its non-half-hourly 
supplies. It was important for Barr to avoid an adverse position in the CRC 
Performance League Table. 
 

- Turnover 
 
Reporting annual turnover in CRC is also not mandatory. However, if the turnover is 
not reported then the Growth Metric Score is counted as 0%, which would affect the 
company’s position in the Performance League Table. Therefore, it was advised that 
the company must record and report its annual turnover to achieve a score in the 
Growth Metric. As mentioned in CRC rules, the turnover figures can be used from 
either the calendar year (January to December) or CRC year (April to March); 
whichever suits best the participant company. 
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- Temporary sites 
 
As the company operates 17 temporary sites, their energy usage is required to be 
recorded to prepare the Residual Measurement List. According to CRC rules, all core 
supplies to temporary sites must be reported. For the new temporary sites starting in 
later years when no new residual measurement list is required, the company does not 
need to report their residual supplies. For this reason, the company must maintain a 
record of start/end date of supplies to the new temporary sites. 
 

- Evidence Pack 
 
The company must maintain an evidence pack to ensure that complete records are 
available for the information reported in the CRC registry. Based on the qualification 
and CRC liabilities identified for Barr in this chapter, the company must maintain 
evidence of the information it uses to assess its qualification and to comply with the 
scheme. 
 

- Internal Audits 
 
The company must conduct regular internal audits, signed by the respective Managing 
Directors of the divisions. Due to the location of head offices for each division, there 
were two audits proposed: One audit for the Construction division and another for the 
Industrial, Environmental & Manufacturing division. 
 

2.4 Review of existing systems & procedures 
 
During the semi-structured interview (Interview 1; AG, 2010), it was determined that 
the company has already recorded enough information to assess its qualification in 
CRC, and had already taken several steps for CRC compliance utilising its existing 
systems. 
 

Existing systems in the company 
This section provides information about the systems already in place at the company, 
which are in use to gather information related to company energy use. The section 
also includes the initiatives that were already being undertaken by the company to 
meet the requirements of CRC. 
 

- Information Systems 
 
The information on existing information systems within the company was also 
obtained from the Engineering Manager via interview. 
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Dataserve 
Dataserve is an energy metering service, which is also Barr Holdings’ appointed 
meter operator for electricity supplies. All permanent sites of the company with 
regular operations, but without an existing half-hourly meter, have been fitted with 
AMR meters. The data for both AMR and half-hourly metered sites was available to 
Barr Holdings through an online Dataserve portal. 
 

Table 6: Existing information systems 
Information System Information available for 

Carbon Trust Standard 
Information available for 
CRC 

Dataserve Site Name, Electricity 
Consumption (kWh) 

Site Name, Electricity 
Consumption (kWh) 

Fueltek - Diesel use (litres) by 
company vehicles 
- Petrol use (litres) by 
company vehicles 
- Site Name, Orders 
(litres) for Industrial, 
Manufacturing and 
Environmental Divisions, 
for 
Gas Oil, Kerosene and 
LFO / Burning Oil 

Site Name, Orders (litres) for 
Industrial, Manufacturing 
and Environmental 
Divisions, for 
Gas Oil, Kerosene and LFO / 
Burning Oil 

QR3 - External hauliers’ travel 
for Barr (miles) 

None 

COINS Turnover information (£), 
Gas oil use (litres) for 
Construction division, 
Business travel 
information (miles) for 
Construction division 

Turnover information (£), 
Gas oil use (litres) for 
Construction division 

Construction kWh tool 
(spreadsheet) 

Site Name, Electricity 
Consumption (kWh), Gas 
Consumption (kWh) for 
Construction division sites 

Site Name, Electricity 
Consumption (kWh), Gas 
Consumption (kWh) for 
Construction division sites 

Expenses tool 
(spreadsheet) 

Business travel 
information (miles) for 
Industrial, Environmental 
and Manufacturing 
divisions 

None 

 

Fueltek 
Fueltek is a fuel management information system, which records diesel use by 
company-owned vehicles. 

QR3 
QR3 is an internally developed information system, which records the sales of quarry’ 
products (i.e. aggregate; asphalt/coated material and ready-mix concrete). As part of 
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the haulage operation is arranged through external hauliers, their diesel usage is 
estimated from the number of miles they travel to deliver Barr products as available in 
QR3.  

COINS 
COINS are a financial management information system, which can provide company 
turnover information. This system is also used to provide fuel purchase and business 
travel information at Barr. 

Spreadsheet based systems 
There were a number of spreadsheet based tools in use at Barr to record information 
such as: 
 

- Construction-related energy use; 
- Expenses. 

 
In terms of the information required for CRC, these systems provide the information 
presented in table 6. 
 

- Energy Use and Turnover: Barr carbon footprint tool 
 
The company was using an internally modified version of the Carbon Trust’s footprint 
tool. This spreadsheet tool was being used to copy and paste all the energy use and 
turnover information from the systems mentioned in table 6, process it to calculate the 
total and normalised (to the turnover) carbon emissions of the company. The company 
was recording data into this tool on a monthly basis to obtain the inputs required by 
CRC. 
 

- Qualification in CRC 
 
After realising its possible inclusion in the mandatory CRC scheme, the company 
allocated its Engineering Manager responsibility to deal with the scheme. This person 
identified from the electricity bills that the half-hourly electricity for the company in 
2008 was 7,765 MWh, which was reasonably above the 6,000 MWh qualification 
threshold. Initiatives such as Carbon Trust Standard accreditation and installation of 
AMR meters were then taken by the company to prepare for the first phase of the 
scheme. 
 

- Carbon Trust Standard 
 
The company adopted a proactive approach to get the benefit of CRC’s Early Action 
Metric and revenue recycling feature. For this purpose, the company applied for and 
achieved Carbon Trust Standard accreditation in 2009. In order to achieve the Carbon 
Trust Standard, the company started recording its ‘Level 1’ emissions and process 
emissions. While recording the ‘Level 1’ emissions, the company included its use of 
transport fuels, which are not in the scope of CRC. The company decided to include 
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its process emissions in its first Carbon Trust Standard certification due to inclusion 
of these emissions sources in CRC.  
 

- AMR Metering 
 
For the same reasons as the Carbon Trust Standard, the company initiated a roll-out of 
AMR metering on all of its major electricity consuming sites, except temporary sites 
for the construction division. The information from all AMR meters, as well as half-
hourly meters on the company’s permanent sites, can be downloaded from the 
Dataserve Website. However, the AMR metering does not cover any natural gas 
usage, and also some electricity use in sites with temporary or no operations due to 
little use. 
 

Existing procedures in the company 
 
As identified from interview, there were no existing procedures in the company 
designed specifically for CRC. However, due to holding Carbon Trust Standard, there 
was an unwritten procedure being followed by the Engineering Manager to collect 
energy and turnover information and populate this into the Barr footprint tool. A 
flowchart (figure 9) was then developed, to shows the flow of information within the 
company. 
 

- Record keeping 
 
Record keeping in the company was reviewed. In the Industrial, Manufacturing and 
Environmental divisions, only 61 out of 105 requested invoices were provided in a 
timely manner. In the Fueltek system, the ‘ordered’ quantities for Gas Oil, Kerosene, 
LFO and Derv were recorded instead of ‘delivered’ quantities, which could be 
different (e.g. at times when the on-site tank could take less than the ordered 
quantity). Electricity and Gas bills were also found misfiled in the archive. However, 
the invoices and bills in the construction division were complete and accurate. 
 
 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

50 

 
Figure 9: Energy information sources 
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2.5 Identification of required systems & procedures  
 
As obvious from the discussion, the existing systems and procedure at the company 
provided considerable information. However, this information was still incomplete in 
terms of CRC, and more information was required to be recorded to comply with the 
scheme. These additional information requirements are discussed below. 
 

Barr’s CRC reporting tool 
 
A CRC Reporting Tool was proposed. This tool was then implemented as a 
spreadsheet constructed on the basis of the information gap between that available 
from the existing Carbon Footprint Tool and the information required to meet the 
requirements of CRC. Rather than using several different tools, this tool includes 
major transport fuels due to their inclusion in the scope of the Carbon Trust Standard 
(or equivalent). The main features of this spreadsheet, excluding those data already 
available in the existing Carbon Footprint Tool, are as follows. 
 

- Supply characteristics 
 
As identified in section 2.3, the CRC tool must be able to include additional 
information about supplies, such as electricity profile types, estimated/actual supplies 
etc. This additional information, available in the form of bills, invoices and annual 
statements, required manual reworking. The tool must also be able to apply a 10% 
uplift on estimated supplies. 
 
Though the CRC Source List tool from the Environment Agency can perform this 
task, there is a need, as explained below, to do more than this - using the Source List 
tool only for supply characteristics will not solve the remaining issues. The source list 
tool is a ‘read only’ spreadsheet, and cannot be tailored to meet organisation-specific 
requirements, such as site specific CRC costs, carbon footprint etc. 
 

- CRC Costs 
The tool must be able to calculate the expected CRC costs. Similar to Barr’s existing 
footprint tool, the tool provides month-by-month information of CRC costs. 
 

- Allocation of costs 
As agreed with the Finance Manager, it would help to allocate the costs of CRC to the 
operational sites where these emissions are emitted. The tool must therefore be able to 
calculate site specific CRC costs. 
 

- CRC year 
Since the CRC year runs from April to March, the information in the CRC tool is 
recorded month-by-month over this period. 
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- Separation of same fuel supplies in or out of CRC 
Due to CRC rules about core and residual supplies, same fuel supplies may be part 
included and part excluded in CRC. The tool is able to separate core and residual 
supplies to calculate the residual percentage, and to keep information for external 
audits. 
 

- Transport fuels 
Rather than using several different tools, this tool also includes major transport fuels  
due to their inclusion in the scope of the Carbon Trust Standard (or equivalent). It is 
able to help in a number of areas, such as to monitor & target the overall carbon 
emissions of the company and identify potential savings in transport fuels, which are 
the greatest proportion of the company’s energy costs as shown in table 5, section 2.2. 
 

CRC Team 
 
A CRC team was proposed to deal with the requirements of CRC. It was proposed 
that the team should comprise of mandatory team members (as required by CRC 
rules) and organisation specific team members. 
 

Mandatory Team members 
 
- Senior Officer: Chairman or Director of the company 
- Primary Contact: Chairman or Director of the company 
- Secondary Contact: Chairman or Director of the company 
- Account Representative: An Accountant well versed with company financial 
 

Organisation specific team members 
The following additional members were proposed for the CRC team at Barr. 
 
- Divisional Senior Officers: Divisional Managing Directors were proposed to be the 
Divisional Senior Officers, to take responsibility for their division’s compliance in 
CRC. Divisional Senior Officers were required to sign the internal audit 
certificates/evidence pack relevant to their divisions. 
 
- CRC Manager: It was suggested to appoint a CRC Manager, with responsibilities to 
assess the liabilities of the company in CRC, to gather the data and information from 
all team members, to inform them of their duties to meet the requirements of CRC, to 
collect & collate data for the organisation’s carbon footprint, and to conduct internal 
audits. A CRC procedure was proposed (discussed below) for compliance. It was 
proposed that the CRC Manager should take the lead to ensure that the procedure is 
followed. It was also proposed that the CRC Manager should be responsible for 
implementation or continuation of initiatives such as the Carbon Trust Standard (or 
equivalent), AMR metering etc. 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

53 

- Environment Agency Online Account Manager: It was proposed that a person in the 
company with good knowledge of using Government online service systems should 
be given the responsibility to manage the company’s Web-based CRC account on the 
Environment Agency Website. This account is required in the scheme for registration, 
changes and submission of reports, which was proposed to be done on the basis of 
information from the CRC Manager. 
 
- Electricity/Gas/Fuels Invoice contacts: It was proposed to identify among the 
employees, those who deal with bills and invoices. These employees were proposed to 
be given the responsibility to provide the CRC Manager with electricity/gas/fuel 
invoice data. 
 
- Transport Fuels contact: It was proposed that the person managing the Fueltek 
software in the company should be given the responsibility to provide the CRC 
Manager with transport fuels usage data. 
 
- Turnover Information contact: It was proposed that a person with access to turnover 
information should be given the responsibility to provide the company’s annual 
turnover information to the CRC Manager. 
 

CRC Procedure 
 
A CRC procedure was developed to carry out the tasks for CRC in a timely manner 
(Appendix 27-A). The tasks were identified for the CRC Manager to take the lead on 
CRC compliance and ensure that the team is informed and updated about their 
responsibilities. The CRC procedure ensures that  

 
- monthly energy usage data is populated in the CRC tool; 
- CRC team members provide data and information on time; 
- the evidence pack is maintained; 
- internal audits are conducted and signed. 
 

Evidence pack 
 
Since the scheme rules do not provide a defined format for an evidence pack, the 
evidence pack at Barr was proposed to consist of two parts: evidence in electronic and 
paper forms. The evidence pack at Barr was proposed to contain the following 
information. 
 

- Organisational structure and responsibility allocation. 
- Location of records which are not contained in the evidence pack. 
- Special events. 
- Internal & external communication for CRC. 
- EAM records. 
- Internal audit records. 
- Excluded supplies records. 
- Source list tool and CRC reporting tool. 
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Due to problems identified in record keeping, hard copy files were proposed for the 
following bills/invoices. 
 

- Fuel quantities delivered on Industrial, Environmental and Manufacturing 
division sites. 

- Electricity and natural gas bills of Industrial, Environmental and 
Manufacturing division sites. 

 

Internal audits 
 
Since being a CRC participant, the company is required to conduct internal audits at 
regular intervals. As with the evidence pack, CRC rules do not provide a format for 
internal audits. An internal audit process was therefore developed for the company to 
match key requirements of the scheme, such as: 
 

- to ensure the accuracy of information that is submitted to the Environment 
Agency; 

- to bring relevant energy information to the attention of senior management. 
 
It was proposed that the CRC Manager would be required to conduct internal audits. 
These audits involve scrutiny of data accuracy and ensuring the required inputs to the 
evidence pack. The audit certificate is then signed by the Divisional Senior Officers. 
A sample audit sheet, as developed for the company, is given in Appendix 26. 

2.6 CRC Financial Impacts 
 
In previous sections of this chapter, the impacts such as systems and procedural 
requirements for CRC have been discussed as required to comply with the mandatory 
scheme. However, it was also found important to understand the financial impacts of 
the scheme, since after the removal of revenue recycling, financial impact is the main 
driver for carbon reduction. The research on CRC reported in section 1.2 showed that 
the financial impacts of CRC had not yet been quantified. 
 
Before discussing the various carbon reduction opportunities, it is helpful to 
understand the financial impacts of the scheme. A number of areas where CRC has 
introduced additional costs to a participant organisation are discussed in the following 
sub-sections. 
 

Allowance purchase 
 
As identified in section 1.2, each participant is required to purchase carbon 
allowances on the basis of their annual CRC emissions. As the sale of CRC 
allowances was delayed after the initial review of the scheme, the first year of 
allowance purchase was 2011-12, and the proposed carbon allowance price was £12 
per tonne of CO2e.  
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

55 

Based on the company’s energy use in 2008 (Interview 1, AG, 2010), the energy 
supplies included in CRC were used to provide a tentative cost of CRC allowances to 
the company. Table 7 shows the company’s CRC eligible energy supplies in 2008 
when converted into CO2 equivalents using the CRC emission conversion factors 
(Appendix 28). 
 
 
Company’s CRC 
Eligible Supplies 

in 2008 

2008 utilisation CO2 conversion 
factor 

CO2 emission in 
tonnes 

( 1 tonne = 1,000 kg) 

Gas Oil 4,558,680 litres 2.762 kgCO2/litre 12,591.07 
Kerosene / LFO / 
Heating Oil 

1,048,206 litres 2.532 kgCO2/litre 2,654.06 

Electricity 10,640,139 kWh 0.541 kgCO2/kWh 5,756.32 
Gas 533,769 kWh 0.1836 kgCO2/kWh 97.99 

A. Grand total 21,099.44 
B. CRC Allowance Price (£ per tonne of CO2) £12.00 

Total CRC Allowance Cost ( C = A x B ) £253,193.28 
CRC Allowance cost for 90% of above emissions (90% x C) £227,873.95 

Table 7: 2008 supplies under scope of CRC. 
 
It was identified that if the company emits the same amount of CRC eligible 
emissions in 2011-12 as in 2008 then their total costs to purchase carbon allowances 
will be £253,193 for the year. It should be noted that this figure does not exclude the 
10% excess residual supplies, which can be excluded after using the 90% rule 
(Section 1.2). If 10% of the emissions are deducted from the 21,099.44 tonnes of CO2 
referenced in table 7, the CRC allowance cost is reduced from £253,193.28 to 
£227,873.95 as shown in table 7. 

Cost of man-hours to meet individual responsibiliti es in CRC 
 
Another source of additional cost to the company due to CRC is the cost of the time 
of employees, who will take part in various tasks of the scheme. This cost will depend 
on factors such as employee salary and the time required carrying out the tasks. 
 

Employees’ salary 
 
Due to data confidentiality issues, access to ‘employees wage statistics’ was not 
possible as required to calculate the actual cost of the CRC-related person-hours. 
Instead, lower and upper salaries costs were obtained (Interview 3, LM, 2010), as 
given in table 8 and table 9. 
 

Expected time requirements 
 
While the time that any CRC team member might take to carry out a specific CRC 
task is highly variable, based on observation of CRC team members, the data of table 
8 and table 9 was determined. 
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CRC Team 
Member 

Expected time 
requirement (per 

annum) 

Annual salary 
(lower band) 

Man-hours cost 
for CRC (per 

annum) 
Mandatory Team:    
Senior Officer 1 week £100,000 £1,923.08 
Primary Contact ½ week £100,000 £961.54 
Secondary Contact ¼ week £100,000 £480.77 
Account 
Representative 

½ week £40,000 £384.61 

    
Organisation 
Specific Team: 

   

2 x Divisional Senior 
Officer 

2 x ½ week = 1 week £80,000 £1,538.46 

CRC Manager 3 months £30,000 £7,500.00 
Online Account 
Manager for CRC 

½ week £40,000 £384.61 

6 x Accountants / 
Purchase Ledger 
Clerks 

6 x 2 weeks = 12 weeks £20,000 £4,615.38 

1 x Accountant 1 day £40,000 £153.85 
Total annual cost £17,942.30 

Table 8: CRC man-hours costs – lower band. 
 
 

CRC Team 
Member 

Expected time 
requirement (per 

annum) 

Annual salary 
(higher band) 

Man-hours cost 
for CRC (per 

annum) 
Mandatory Team:    
Senior Officer 1 week £180,000 £3,461.54 
Primary Contact ½ week £180,000 £1,730.77 
Secondary Contact ¼ week £180,000 £865.38 
Account 
Representative 

½ week £80,000 £769.23 

    
Organisation 
Specific Team: 

   

2 x Divisional Senior 
Officer 

2 x ½ week = 1 week £150,000 £2,884.61 

CRC Manager 3 months £50,000 £12,500 
Online Account 
Manager for CRC 

½ week £80,000 £769.23 

6 x Accountants / 
Purchase Ledger 
Clerks 

6 x 2 weeks = 12 weeks £30,000 £6,923.08 

1 x Accountant 1 day £80,000 £307.69 
Total annual cost £30,211.53 

Table 9: CRC man-hours costs – higher band. 
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Cost of Early Action Metric 
 
To achieve a good score for the CRC ‘Early Action Metric’, the company adopted 
both suggested initiatives, which were Carbon Trust Standard accreditation and AMR 
metering. The costs of these initiatives were as follows. 

Carbon Trust Standard (or equivalent) 
 
The company achieved Carbon Trust Standard accreditation in 2009. Though the 
company paid £12,000 for the ‘Assisted Certification’ (i.e. assisted by a third party 
consultant), it was expected to pay at least £8,000 to the issuer every second year to 
recertify. Therefore, the annual cost of the standard can be taken as £6,000 for 
assisted certification, and £4,000 for non-assisted certification. The costs of the 
person-hours required for Carbon Trust Standard (or equivalent) related tasks have 
already been included in the total CRC person-hour costs, as given in table 8 and table 
9. 
 

AMR Metering 
 
As AMR meters were installed at the company to take the benefit of CRC’s Early 
Action Metric, there was an annual cost to be paid to the meter operator (Dataserve) 
for the operation of meter and online data services. The annual cost of these meters 
within Barr was £1,606 (Interview 3, LM, 2010) as summarised in table 10. In 
addition to this service, the company had also chosen to remotely monitor the 
electricity consumption of its half-hourly metered sites, using the same Dataserve 
platform; for this service the company paid an additional sum of £2,293 as 
summarised also in table 10. 
 
Meter type and services Unit cost 

( A ) 
Number of meters 
( B ) 

Total 
( A x B ) 

AMR Annual Meter operation, 
Communication, Lease & Maintenance 
Charges  

£146.00 11 £1,606.00 

HH Meter Annual Meter operation & 
Communication charges 
 

£254.80 9 £2,293.20 

Total charges £3,899.20 
Table 10: AMR metering costs 

 
Cost Type Annual Cost 
Digital certificate for Account 
Representative 

£35.00 

Registration Cost £316.66 (£950 per phase of CRC) 
Annual Subsistence Cost £1,290.00 

Total £1,641.66 
Table 11: CRC – Other costs 
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Other Costs 
 
Other costs were identified associated with scheme registration and subsistence costs 
(Environment Agency, 2012); these are presented in table 11. 
 

Total Financial Impact 
 
Based on the costs identified above, the total financial impact of CRC on the company 
was estimated. Due to the assumptions involved during the cost identification process, 
lower and upper CRC cost values are given in table 12.  
 
Cost Type Minimum annual cost Maximum annual cost 
Allowance Purchase £227,873.95 £253,193.28 
Person-hours £17,942.30 £30,211.53 
Early Action Metric – 
Carbon Trust Standard 

£4,000.00 £6,000.00 

Early Action Metric – AMR 
Metering 

£1,606.00 £1,606.00 

Other Costs £1,641.66 £1,641.66 
Total Cost £253,063.91 £292,652.47 

Table 12: CRC – Total financial impact on Barr Ltd 
 

Impact on company’s existing energy costs 
 
For Barr Limited, the total money spent on energy is summarised by year in table 13. 
 
Year Energy Spend 
2009* £4,549,631 
2010* £4,129,161 
2011** £5,042,214 

Table 13: Annual energy costs 
(*source: email communication with SP, Group Financial Accountant, Barr Limited, 
19-Apr-11, **source: email communication with SP, Group Financial Accountant, 
Barr Limited, 22-Feb-12)  
 
Based on these data, an annual energy spend of £5,000,000 and assuming the CRC 
minimum and maximum annual costs as shown in table 12, it was concluded that 
there will be an extra 5.06% to 5.85% cost to the company due to CRC. 

Cost of non-compliance 
 
If a CRC participant fails to meet its legal responsibilities in the scheme, punitive 
fines may be imposed. The details of these fines are given in appendix 4, obtained 
from the CRC’s latest published consolidated guidance (Environment Agency, 2012). 
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Sensitivity Analysis 
 
To establish a final tentative, the elemental breakdown of table 14 was assumed. 
 
Cost Type Cost Profile Maximum Annual Cost 

(% of total) 
Allowance Purchase Covering 90% 

emissions 
£227,873.95 (87.91%) 

Man-hours Average of minimum 
and maximum 

£24,076.91 (9.29%) 

Early Action Metric – 
Carbon Trust Standard 

Non-assisted 
certification cost 

£4,000.00 (1.54%) 

Early Action Metric – AMR 
Metering 

Cost is constant £1,606.00 (0.62%) 

Other Costs Cost is constant £1,641.66 (0.63%) 
Total Cost £259,198.52 

Table 14: CRC costs for sensitivity analysis 
 
As shown, the major impact on the total costs stems from the purchase of allowances 
and the cost of employee time.  
 

Allowance price 
 
As shown in table 14, it is estimated that Barr would be liable to pay a significant 
amount of money (i.e. £227,874) to purchase carbon allowances in a year for its 90% 
emissions (i.e. 21,099.44 x 0.9 = 18,989.50 tonnes of CO2). If the price of carbon 
allowances change, it will impact the overall cost of CRC to Barr. For example, based 
on the above information, if the price of the carbon allowance rises to £15 per tonne 
of CO2e in the next CRC year, this will increase the total financial cost of scheme to 
£212,500. Table 15 shows the impact on the company of changes in the carbon price. 
 
CRC Allowance 
Price 

CRC Allowance 
Cost to the 
company 

Overall CRC 
costs for the 
company 

Impact on overall 
CRC costs for the 
company 

£12 £227,874 £259,199 0% 
£10 £189,895 £221,220 - 14.65% 
£15 £284,842 £316,167 + 21.98% 
£20 £379,790 £411,115 + 58.61% 

Table 15: Impact of change in carbon allowance price 
 
However, since the price of allowances is driven by the market mechanisms, and not 
by an individual CRC participant, the company cannot take steps to directly reduce it. 
 
As mentioned in section 1.2, if the CRC consultation proposals are implemented then 
there should be 2 sales in each year, a low price sale and a comparatively higher price 
sale thereafter. Since the proposals were not implemented by the end of this research, 
and the price difference between low price and high price sale was unknown, no 
analysis was carried out in this regard. However, it was identified that participants 
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with good energy management will receive the incentive as they can ascertain their 
total emissions rapidly and therefore buy allowances at the lower price. 

Carbon reduction 
 
As shown in table 14, 88% of the cost of CRC will arise from the purchase of 
allowances and the number of allowances to be purchased is dependant on the carbon 
emissions by the company during a CRC year. Therefore, reducing carbon emissions 
will reduce the cost of the allowances purchased. Table 16 shows the impact of a 
change in the company’s carbon emissions on its CRC costs. 
 
% Change 
in Carbon 
Emissions 

Carbon 
Emissions 
(tonnes of CO2) 

CRC Allowance 
Cost to the 
company 

Overall CRC 
costs for the 
company 

Impact on 
overall CRC 
costs for the 
company 

0% 18,989 £227,874 £259,199 0% 
-10% 17,090 £205,080 £236,405 -8.79% 
-20% 15,191 £182,292 £213,617 -17.58% 
+10% 20,888 £250,656 £281,981 +8.79% 
+20% 22,787 £273,444 £304,769 +17.58% 

Table 16: Impact of change in company’s carbon emissions 
 

Person-hours costs 
 
An increase in person-hour costs may occur due to an inexperienced person 
conducting a task, or an unexpected bottle-neck in getting information from external 
sources. However, since the person-hour costs are directly proportional to the effort of 
CRC team members, a well-designed information system can result in a significant 
cost reduction. Table 17 shows the impact of changes to the person-hour costs on 
overall CRC costs. 
 
% change in Man-
hours cost 

Total Man-hours 
cost 

Overall CRC 
costs for the 
company 

Impact on overall 
CRC costs for the 
company 

0% £24,077 £259,199 0% 
+25% £30,096.25 £265,218.25 +2.32% 
-25% £18,057.75 £253,179.75 -2.32% 
-50% £12,038.50 £247,160.50 -4.64% 
-75% £6,019.25 £241,141.25 -6.97% 

Table 17: Impact of change in man-hours costs 
 
As it was hypothesised that the costs of person-hours of individual responsibilities 
could be reduced by implementing an information system, the features of such a 
system were researched and the outcome presented in section 3.2. 
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2.7 Chapter summary 
 
In this chapter, the impacts of CRC on a participant company were analysed. Through 
observation and interviews, it was identified that there are a number of systems 
already present in the company providing information related to energy. Initiatives 
such as Carbon Trust Standard certification and AMR metering had already been 
taken by the company to achieve a good score for the CRC’s early action metric. 
However, it was established that the company still required improved systems and 
procedures to completely meet its liabilities in the CRC scheme.  
 
The financial impacts of the scheme have been analysed in this chapter and this 
identified that the main significant cost in CRC was the cost to purchase allowances. 
The second major cost was the cost of the personnel effort required to meet the 
company’s obligations under CRC. It was identified that the scheme will add an extra 
5.06% to 5.85% cost to company’s existing energy costs. 
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3 SYSTEMS & PROCEDURE 
 
As identified in chapter 2, the company required improved systems and procedures to 
meet its liabilities under the CRC scheme. This chapter presents the development and 
implementation of the required systems and procedures. The chapter also includes 
information on the corrective actions that were taken after implementation. At the 
chapter’s end, the characteristics of an information system to assist in reducing the 
person-hour costs are presented. 
 

3.1 Implementation of systems & procedures 

CRC Footprint Tool 
 
A spreadsheet based tool was developed to enable the allocation of CRC costs to 
specific company activities and identify the monthly information required for CRC 
reporting (snapshots of the tool are presented in Appendix 25). The tool has the 
following features. 
 
- Records supply characteristics such as half-hourly, AMR metered or non-half-hourly 
supply on all electricity supplies. 
- Records if a supply shows Estimated or Actual consumption to enable a 10% uplift 
to be applied where appropriate. 
- Records the profile type of a supply to identify if it is residual or business operation 
related. 
- Provides the monthly CRC costs for all major sites, for each division and for the 
company as a whole. 
- The carbon footprint is recorded over a CRC year (i.e. April to March). 
- Due to the flexibility of the spreadsheet approach, supplies may be discounted if 
excluded from the CRC scheme. 
- Includes Derv and Petrol record. 
 
In addition to these features, a summary report is included, which provides the final 
information that must be submitted to the CRC registry for annual reporting. A two-
step exclusion is possible: to fuels that are out of scope of CRC (e.g. transport) and to 
residual supplies that are additional to the required 90% residual percentage. 
 
Figure 10 shows the updated flow of information at the company. Business travel has 
not been included due to being only 0.21% of the company’s carbon footprint 
(derived from figures shown in figure 8. section 2.3) but requiring significant 
compilation time due to the multiplicity of information sources. 
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Figure 10: Energy information sources – updated 
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CRC Team 
 
The CRC Team was set up as proposed and a management level focus group 
established to monitor the company’s CRC performance and agree/implement 
mitigation opportunities. The focus group comprised company employees with 
authority to approve and implement the project, and to strategically review the 
proposals. These employees included the following. 
 

- Managing Director 
- General Manager 
- Engineering Manager 
- Operations Manager 
- Finance Manager 
- CRC Manager 

 

CRC Procedure 
 
While the CRC procedure was initially implemented as proposed, the following issues 
were identified after implementation. 
 

- The existing CRC procedure shows the tasks that are required to meet the 
requirements of CRC. It will help to allocate the resources if the time required 
for each task is also known. Based on CRC Manager’s experience of carrying 
out the tasks, the ‘effort time’ for each task should be included in the CRC 
Procedure. 

- By categorising the CRC tasks in the CRC Procedure, it will help in 
identifying which tasks relate to which of the requirements in CRC scheme. It 
was appreciated that the tasks need to be categorised to provide a better 
indication of their relevance to the requirements of CRC. 

- The task related to the ‘collection and population of fuels data for Industrial, 
Environmental & Manufacturing divisions’ should be scheduled later in the 
month (after the 3rd week) since the confirmed invoices for the previous month 
are only then available. 

- After the development of company’s own CRC Footprint Tool as part of this 
research, the ‘Source List Tool’ provided by the Environment Agency is not 
required any more for very little tasks that it performed. The tasks related to 
‘Source List Tool’ should now be performed using company’s own CRC 
Footprint Tool. 

- It was scheduled to check the CRC Performance League Table publication in 
late September but, as observed, this cannot be published before November 
due to the surrender of allowances being required by the end of September. 
The check should instead be scheduled for late November. 

- Since the surrender of allowances is now required in the end of September, the 
tasks involving these should be moved to later in the procedure. 

 
Based on above observations, the procedure was updated (available in Appendix 27-
B) using the research outcomes. There follows the key changes to the CRC procedure. 
 

- The tasks have now been categorised, as 
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o Data download/duplication 
o Internal communication 
o External communication 
o Internal audit 
o Evidence Pack update 
o Tool update 
o Data analysis & reporting 

- Tasks referring to the ‘source list tool’ have been updated to refer to the ‘CRC 
Footprint Tool’. 

- Improvements related to the correction of the task schedule have also been 
implemented. 

- The ‘effort time’ for CRC tasks has been identified. The total effort time has 
been identified as 57 days, which is close to the assumed 3 months in section 
2.6. 

 

CRC Evidence Pack 
 
The evidence pack was prepared as proposed. The divisional managing directors 
review and sign the audit certificates, and also the main page of the hard copy 
evidence pack, every 3 months. The hard copy files for the following bills/invoices 
were set up, as proposed, to improve record keeping, and the respective administrative 
assistants were given the responsibility to maintain and update these files on a 
monthly basis: 

- fuel quantities delivered to Industrial, Environmental and Manufacturing 
division sites; 

- electricity and natural gas bills for Industrial, Environmental and 
Manufacturing division sites. 

 

CRC Internal Audits 
 
Internal audits were being conducted as proposed. Due to availability of hard copy 
folders for fuel invoices and the set-up of an Intranet-based folder for the 
Construction Division’s electricity and gas bills, the time required for auditing was 
reduced. This reduction in time requirement was considered when updating the CRC 
procedure (Appendix 27-B). 
 

3.2 Characteristics of a future CRC Information sys tem 
(CRCIS) 

 
As identified in section 2.6, the costs associated with individual responsibilities in a 
CRC participant organisation are significant. It was hypothesised that these costs can 
be reduced by implementing an IT information system. The characteristics of this 
proposed CRC Information System are discussed in this section.  
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- Sources of information 
 
The basic information required by the company for the assessment of its CRC 
qualification as well as the annual and footprint reports and evidence pack are 
presented in table 18. This table has been developed on the basis of following 
information 
 

- The categories in the table have been identified as follows. 
o Energy sources (electricity, gas etc.) were identified initially through 

interview (Interview 1, AG, 2010) and subsequently by monitoring. 
o ‘Communication with Environment Agency’ was identified from the 

CRC Evidence Pack requirements. 
o The remaining categories were identified through review of the CRC 

scheme (section 1.2). 
- Information under the columns ‘Required Information’, ‘CRC Qualification 

Assessment’, ‘CRC Annual/Footprint Reports’ and ‘CRC Evidence Pack’ was 
identified through review of the CRC Scheme (section 1.2) 

- The information sources were identified by internal interviews with the 
Engineering (Interview 1, AG, 2010) and Finance Managers (Interview 3, LM, 
2010), and through observation at the company. 

 
Category Required 

Information 
CRC 
Qualification 
Assessment 

CRC 
Annual / 
Footprint 
Reports 

CRC 
Evidence 
Pack 

Information 
Source/s 

Electricity Site Name 

 � � 

Electricity Bill / 
Annual 
Statement / 
Dataserve 

 Supply Type 
� � � 

Electricity Bill 

 Settled / 
Non-settled �  � 

Supplier 

 Consumption 
(kWh) 

� � � 

Electricity Bill / 
Annual 
Statement / 
Dataserve 

 Estimated / 
Actual 

 � � 

Electricity Bill / 
Annual 
Statement / 
Dataserve 

 AMR / Non-
AMR 

 � � 
Electricity bill 
& Dataserve 

 Supply 
installation / 
termination 
records 

�  � 

Installation / 
Termination 
letter 

Gas Site Name 
 � � 

Gas Bill / 
Annual 
Statement 
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 Meter type  � � 
Supplier 

 Consumption 
profile  � � 

Gas Bill / 
Annual 
Statement 

 Consumption 
(kWh)  � � 

Gas Bill / 
Annual 
Statement 

 Estimated / 
Actual  � � 

Gas Bill / 
Annual 
Statement 

 AMR / Non-
AMR 

 � � 
Gas Bill 

 Supply 
installation / 
termination 
records 

  � 

Installation / 
Termination 
letter 

Gas Oil Site Name 
 � � 

Monthly site / 
report / Invoice 

 Consumption 
/ Delivery 
(litres) 

 � � 

Monthly site / 
report / Invoice 

 Estimated / 
Actual 

 � � 
Monthly site / 
report / Invoice 

Kerosene Site Name 
 � � 

Monthly site / 
report / Invoice 

 Consumption 
/ Delivery 
(litres) 

 � � 

Monthly site / 
report / Invoice 

 Estimated / 
Actual 

 � � 
Monthly site / 
report / Invoice 

LFO / Burning 
Oil 

Site Name 
 � � 

Monthly site / 
report / Invoice 

 Consumption 
/ Delivery 
(litres) 

 � � 

Monthly site / 
report / Invoice 

 Estimated / 
Actual 

 � � 
Monthly site / 
report / Invoice 

Derv Consumption 
/ Delivery 
(litres) 

 � � 

Monthly site / 
report / Invoice 
/ FuelTek 

Organisational 
structure 

 
�  � 

Organogram 

Internal data 
audits 

 
  � 

Audit 
certificates 

Employees 
Accommodation 
supplies liability 

 
 � � 

Accommodation 
agreement 

Residual 
supplies 

 
 � � 

RML 
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PFI supplies 
liability 

 
 � � 

PFI contract 
terms 

Early Action 
Metric 

AMR 
installation 
record 

 � � 

Dataserve/AMR 
agreement 

 CT Standard 
or equiv. 
Evidence 

 � � 

Standard 
certificate 

 Standard’s 
emissions 
coverage 
boundary 

 � � 

Standard 
certificate / 
Audit report 

 Standard’s 
period of 
coverage 

 � � 

Standard 
certificate 

Growth Metric Annual 
turnover of 
the whole 
group 

 � � 

Finance report 

Communication 
with 
Environment 
Agency 

 

  � 

Emails, letters 

Table 18: CRC Information System - Information table 
 
The Information System for CRC must be capable of taking information from the 
above-mentioned, diverse range of sources. 

- Manual entered / AMR energy consumption informati on 
 
The energy usage information for different sites was available in different formats. As 
in 2010, the company had 26 permanent sites, and 17 temporary construction division 
sites. Of these sites, there were 9 with half-hourly electricity meters and 8 with AMR 
electricity meters. The remaining 12 permanent sites accounted for less than 1% of the 
company’s total electricity consumption, and their consumption was available as 
monthly or quarterly electricity bills. There were another 17 temporary sites (within 
the construction division) where the company was found liable for the electricity use. 
The electricity usage at these sites was only recorded from monthly or quarterly bills. 
4 sites had gas supplies, with consumption information also available only from 
monthly or quarterly bills. Liquid fuels information was also recorded from invoices: 
this provided the quantities of fuel delivered rather than consumed, but this was 
identified as the easiest approach acceptable in terms of CRC requirements. 
 
The CRC information system (CRCIS) should be capable of interfacing with the half-
hourly meters, AMR meters and electronic fuel meters, and should also provide a user 
input mechanism, such as forms, where the energy usage data for both monthly and 
quarterly billed sites can be entered into the system. 
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- Conversion into emissions 
 
The CRCIS should be able to convert the energy usage figures into equivalent carbon 
emissions and be able to accept the CO2e conversion factors suggested by the 
Environment Agency for CRC (Appendix 28).  

- Residual percentage exclusion 
 
The CRCIS should provide the ability to exclude single or multiple sites accounting 
for 10% of the excludable emissions. This feature will not be required if the proposal 
to remove the residual percentage rule, introduced in the 2012 consultation, is 
approved. 

- Manually entered supply characteristics 
 
The CRCIS should record the characteristics of each supply, such as type, settled/non-
settled, estimated/non-estimated, AMR/non-AMR for electricity. For gas, it should 
record the meter type, consumption profile, AMR/non-AMR and whether estimated or 
actual. For other fuels, it should record whether the data is estimated or non-
estimated. For CRC qualification assessment and footprint/annual reports, the CRCIS 
should be able to sort the supplies on the basis of supply characteristic as well as 
separating out core and residual supplies. 

- Storage of records 
 
The CRCIS should be able to store the records required for each of the following 
categories, and any other categories that may be identified later, in a universally 
readable electronic format. This information will service both internal and external 
audits. 

- Organogram 
- Internal Audits 
- Employees Accommodation Agreement 
- PFI Agreement 
- Residual Supplies Information 
- EAM Record 
- Growth Metric Record 
- Communication with Environment Agency 

- Frequency of information capture 
 
The CRCIS should be capable to record the information at a frequency that facilitates 
annual reporting. The CRC year runs from April to March and reports are required to 
be submitted by the last working day of July. For improved energy management, the 
system should be able to record information on a monthly basis. Such information 
may also help in 

- reporting for Carbon Trust Standard (or equivalent), which requires calendar 
year information; 

- allocation of CRC costs to operational sites and divisions where the costs can 
be accrued on a monthly basis. 
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- Allowance purchase 
 
The CRCIS should be able to determine the number of allowances that need to be 
purchased to meet the regulatory requirement. This information can be obtained by 
calculating the company’s emissions in tonnes of CO2e after meeting the residual 
percentage rule. 

- Task reminders 
 
There should be a feature in the information system to allocate responsibility, to a 
person or group, to enter data. The CRCIS should be able to email task reminders to 
such people or groups, with reminders based on the timeline identified in the CRC 
procedure (Appendix 27-B). 

- Changes to CRC in 2012 Consultation 
 
If the changes proposed in the CRC 2012 consultation (DECC, 2012) are 
implemented then the following adaptations of the CRCIS specification will be 
required. 
 

- The system will not be required to separate the 10% residual supplies as no 
footprint report will be required to be submitted. 

- Domestic Electricity supplies (Profile Class ‘01’ and ‘02’) and Gas (non daily 
metered and having supply of 73,200 kWh per annum or less) will be excluded 
and their monitoring will not be required for CRC. 

- The use of Gas Oil and Kerosene will be required to be separated in terms of 
their end use. For example, if the company used ‘x’ litres of Gas Oil, it will be 
required to record how much of that has been used for heating and how much 
for power requirements. 

 
The above-mentioned requirements of the CRCIS are the minimum requirements that 
must be met for compliance. However, to attain best practice the CRCIS should be 
able to do more than just demonstrate compliance. Additional features are suggested 
below. 

- CRC cost allocation 
 
A key requirement in a complex CRC participant organisation is to allocate the CRC 
costs to individual sites. From monthly energy usage information, the CRCIS should 
be able to provide a site’s monthly carbon footprint and CRC cost. The monthly 
carbon footprint of each site can be used to obtain a CRC cost for the month to that 
site. These costs can be accrued on a month by month basis through the company’s 
Finance Department, instead of charging full year’s CRC costs to a site at the end of 
CRC year. This will avoid a financial burden on each site at the end of CRC year, and 
also increase awareness in Site Managers about CRC costs, as they will pay their 
monthly CRC cost bills to the Finance department. 
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- Information on individual entities 
 
Energy use information may also be captured at the entity level, through metering 
entities such as crushers, coating plants etc. As discussed in the transport reporting 
system case study (Section 5.7), monitoring individual entities can significantly 
improve energy management by helping to identify the reason of energy wastage. 

- Information for monitoring & verification 
 
As will be discussed in Chapter 5, the monitoring and verification by the CRCIS of 
implemented carbon reduction opportunities is necessary. An opportunities database, 
with accompanying MACC/ERIC plotting, should be included in the CRCIS, with a 
feature to compare the initially anticipated and actual performance of implemented 
opportunities.  

- Overall reduction and savings 
 
Through monitoring and verification of implemented carbon reduction opportunities, 
the CRCIS should be able to generate the reports of carbon reduction, energy savings 
and energy cost savings over any arbitrary period of time.  

- Integration with other information systems 
 
The CRCIS should support interfacing with other information systems to ensure that 
relevant information held elsewhere can be readily obtained. Interfacing with sales 
and production information systems, for example, will enable the determination of 
key performance indicators such as kWh per tonne in support of benchmarking 
exercises. Identifying the energy cost per unit of product also enables the company to 
transfer the CRC costs to the customer where appropriate. 
 

3.3 Chapter Summary 
 
In this chapter, new and improved systems and procedures were implemented at the 
company to work in line with some existing systems to completely meet the CRC 
liabilities. In addition to the proposals in chapter 2, support actions were also 
undertaken such as the setting up of a CRC focus group and the implementation of 
revised CRC procedures. In this chapter, the characteristics of a proposed information 
system CRCIS (CRC Information System) were also identified based on the learning 
stemming from the work reported in chapters 1 through 3.  
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4 CARBON REDUCTION OPPORTUNITIES 
 
The impacts of CRC on Barr were discussed in detail in chapter 2. Various 
information and procedural requirements were described that a CRC participant must 
meet to assess its qualification for the scheme and to stay compliant within the 
scheme. In the financial impacts analysis section, it was identified that the impacts of 
CRC are not only derived from information management and evidence keeping; a 
participant organisation must also reduce its carbon emissions while a major source of 
CRC cost is the purchase of allowances on the basis of the company’s carbon 
emissions. In addition to fuel price rises, market competition and stakeholder 
pressure, CRC introduces another driver to reduce carbon emissions and energy costs. 
Since all companies operating in a particular sector are not liable to CRC, those who 
are participating risk losing competitiveness in their sectors if the CRC costs are not 
driven down. 
 
This chapter includes the identification of the carbon reduction opportunities available 
at Barr and the development of management support information (in the form of 
MACC and ERIC curves) on the basis of data collected about these opportunities, and 
then the development of a new CALoRIC (Carbon Abatement Low Risk Investment 
Curve) curve to address the issues identified in using MACC/ERIC curves. The 
chapter also includes the response from the CRC participant company to the 
information inherent in these curves. 
 
The following approach was used to assess and implement the carbon reduction 
opportunities at the company. 
 

- Establishment of an energy/carbon baseline. 
- Identification of carbon reduction opportunities. 
- Use of MACC and ERIC tools to analyse opportunities. 
- Development and use of CALoRIC tool to analyse opportunities. 
- Implementation of opportunities based on organisation specific criteria. 

 

4.1 Establishment of energy / carbon baseline 
 
Chapter 2, table 4 showed energy consumption data for Barr in the CRC qualification 
year 2008. In terms of carbon emissions, these figures were graphically expressed in 
chapter 2, figure 8, derived on the basis of company’s 2008 carbon footprint 
breakdown (Interview 1, AG, 2010). 
  
The energy usage figures, by source, suggest the need to target reduction in the use of 
Gas Oil, Derv, Electricity and burning fuels (Kerosene and Coating plant fuels / 
LFO). In terms of costs of fuel usage, which also affect the competitiveness of the 
organisation, figure 11 shows the breakdown of costs among these energy sources as 
in 2008. 
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Figure 11 shows that the biggest proportions of energy costs are associated with Derv, 
Gas Oil and Electricity consumption. Therefore, both in terms of carbon emissions 
and energy costs, the use of these energy sources provide substantial opportunities. 
Though Derv is not included in the scope of CRC, it is vital to include it when 
developing long term strategies and carbon reduction goals. 
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Figure 11: 2008 energy costs by fuel type 

 
To elaborate the opportunities, available information was used to identify division 
specific emissions at Barr. This information provided insight into areas that need to be 
tackled for reduction in carbon emissions. 
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Figure 12: Pie chart: Carbon emissions by division 

 
Figure 12 suggests that energy consumption in Quarries (i.e. Aggregates sector) 
should be focussed on since this accounts for half of the organisation’s total 
emissions.  
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Based on the available information, a realistic target of 15% reduction by 2018 from 
the 2008 base level was set by the company which means that 4,281 tonnes of CO2e 
were to be reduced in the 10 years from 2008. 
 

4.2 Identification of carbon reduction opportunitie s 
 
The carbon reduction opportunities within the company include the opportunities that 
were previously identified and a further 10 identified during the course of this 
research. A spreadsheet tool (Somar, 2010) was adapted for use to prepare MACC 
curves. The opportunities were as follows. 

Previously identified opportunities 
 
At the start of the research, there were three energy saving opportunities, that the 
company was considering for implementation, as follows.  

IT Server Room 
 
It was proposed by the company’s Information Systems Manager to introduce passive 
cooling of the server room with the recovered heat used in the adjacent stores. 
Appendix 29 provides details of this proposal.  
 
A spreadsheet was developed to analyse the viability of this system (Appendix 9), 
which indicated that this option would result in a reduction of 43.7 tonnes of CO2e per 
annum.  
 

Vertical Bitumen tanks 
 
Bitumen tanks are used at Barr’s Asphalt/coating plants to store the bitumen at 
desired temperatures. Depending on the grade of bitumen, it must be kept between 
150oC and 180oC to ensure that it does not solidify and mixes effectively with 
aggregate during the production of Asphalt and other bituminous products (Personal 
communication with GK, Quarry Manager at Tormitchell Quarry, Barr Limited, 01-
Mar-2010). 
 
Traditionally, horizontal cylindrical tanks were used to store the bitumen. However, 
vertical tanks are now becoming more popular because there is less surface area 
available, resulting in reduced oxidation. Vertical tanks also provide a higher capacity 
to hold the bitumen safely (Personal communication with AG, Engineering Manager, 
Barr Limited, 01-Mar-2010). 
 
A spreadsheet tool, developed by the Energy Systems Research Unit at the University 
of Strathclyde for Cormac bitumen tanks was used to model the benefits of possible 
replacement of Barr’s existing bitumen tanks with electrically heated vertical tanks 
(Appendix 10). On the basis of results from this tool, it was proposed to replace two 
existing 52.8 m3 horizontal cylindrical tanks with Cormac’s 77 m3 vertical tanks; and 
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to replace the 46.8 m3 horizontal square tank with a 55 m3 Cormac tank. An additional 
spreadsheet (Appendix 11) was developed to prepare a business case for cumulative 
costs and potential savings. It was estimated that, at a cost of £161,387, such tank 
replacement can reduce CO2e emissions by 222 tonnes at a saving of £36,133 per 
annum. 
 

Coating plant burner replacement 
 
Burner replacement (or optimisation) can result in significant savings in a coating 
plant’s energy use. Using a Vulcan burner, Cemex has reduced its energy 
consumption of its asphalt plant by over 20% (Hub-4, 2011). 
 
A burner replacement was proposed for Barr’s Quarry coating plant. The plant needed 
a burner replacement as it had significantly passed its projected lifetime (Interview 2, 
AG, 2010). The cost of replacement was quoted as £30,000. For a projected 
production of 20,000 tonnes per year, and achieving a saving of 1.5 litres per tonne of 
fuel, a reduction of 83.45 tonnes of CO2e is expected per annum (Appendix 16 
presents the business case calculations). 
 

New carbon reduction opportunities 
 
These opportunities were identified through the analysis of data obtained from a 
number of sources such as existing metering, site surveys and existing information 
systems, which will be discussed in detail in the following sections. The opportunities 
include a mix of renewable energy deployments and energy efficiency measures. 
 

- New opportunities on the company’s most energy intensive site 
 
Killoch is the main depot of Barr Holdings, being the head office of Barr’s three main 
divisions, which are Barr Industrial, Barr Environmental and Barr Manufacturing. 
From the company’s 2008 carbon footprint (Interview 1, AG, 2010), it was identified 
that this site was the highest electricity consuming site of the company, accounting for 
15.34% of company’s electricity consumption.  
 
As identified later in by the company’s CRC footprint tool, which was developed 
during this project, the carbon intensity of the company’s sites in CRC year 2011-12 
was as presented in table 19. 
 
The following step-by-step approach was taken to identify the opportunities at the 
site. 
 

- Analysis of the site’s main meter half-hourly electricity data. 
- Analysis of sub-metered data. 
- Site surveys. 
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Site specific carbon emissions (Apr-11 to Mar-12)  

Division Site 
CO2 emissions 
(tonnes) 

Industrial Killoch Depot 3,657 
 Barlockhart Quarry 1,949 
 Tormitchell Quarry 1,723 
 Tongland Quarry 1,208 
 Sorn Quarry 897 
 Swinlees Quarry 825 
 Clayshant Quarry 407 
 Moorfield Concrete 263 
 Beatockhill Quarry 81 
 Ardeer Quarry 44 
 Surfacing & Civil operations 42 
Environmental Garlaff Landfill 1,186 
 Auchencarroch Landfill 1,176 
 Heathfield Recycling Centre 745 
 Southhook Waste Transfer 68 
Manufacturing Solway Precast 1,509 
 Solway Steel 719 
Construction Construction – All 2,249 

Table 19: Carbon intensity of company’s sites 
 
Site Details 
 
On the basis of installed electricity sub-meters, Killoch depot can be divided into 6 
areas, which are a main office building (locations 1 and 4 in figure 13), IT office 
(location 3), fabrication workshop (location 5 and 6), ready-mix concrete plant 
(location 19), coating (asphalt) plant location 16, 17 and 18), and garage (location 2 
and all of the brown area).  
 
Analysis of half-hourly data 
 
To understand the electricity consumption at Killoch depot, half-hourly electricity 
data was sourced from the Dataserve Web-based system. Table 20 presents the daily 
electricity consumption for the month of February 2010.  
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Figure 13: Killoch Depot 
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Date kWh kVArh 
1 February 2010 5025 1546 
2 February 2010 4838 1469 
3 February 2010 5155 1588 
4 February 2010 5124 1596 
5 February 2010 4728 1496 
6 February 2010 3688 933 
7 February 2010 3361 659 
8 February 2010 4873 1496 
9 February 2010 4857 1580 
10 February 2010 5026 1786 
11 February 2010 4645 1482 
12 February 2010 4238 1449 
13 February 2010 3566 952 
14 February 2010 3480 866 
15 February 2010 4746 1442 
16 February 2010 4584 1438 
17 February 2010 4535 1404 
18 February 2010 4666 1488 
19 February 2010 4492 1437 
20 February 2010 3913 1153 
21 February 2010 3475 723 
22 February 2010 4761 1453 
23 February 2010 5109 1693 
24 February 2010 4824 1212 
25 February 2010 4831 1376 
26 February 2010 4908 1692 
27 February 2010 3873 1082 
28 February 2010 3430 733 

Table 20: Killoch half hourly electricity data – Feb 2010 
 
The highlighted rows in table 20 represent Weekends. Electricity consumption over 
3,000 kWh on a Saturday or Sunday indicates that the base load of this site is over 
60%, which is typically high. As observed, there is normally only one person (the 
security guard) present on site 24 at all times. The coating plant or concrete plant may 
be operated part-time at the Weekend in case of an increased product demand. Table 
20 shows less reactive load on some Saturdays and all Sundays in February 2010. 
This is due to zero usage of concrete and coating plants, as confirmed by the sales 
team (personal communication, 15-Mar-2010). Figure 14 shows the electricity 
consumption (kWh) for February 2010 over the 48 half-hourly periods, which clearly 
identifies the issue of high base load at night. 
 
Sub-meters data analysis 
 
To understand the electricity consumption at Killoch depot, data sourced from manual 
readings of the sub-meters was analysed. The 6 sub-meters (of type Carlo Gavazzi 
EM25-96) were manually read and the data analysed via a custom spreadsheet (Figure 
15). The aim was to understand the specific electricity consumption of each of the 6 
units during and outwith working hours (7:30 a.m. to 5 p.m.) and at Weekends.  
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Figure 14: High base load 

 

 
Figure 15: Comparison of Killoch electricity data from various sources 
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Meter readings were taken 5 times between 10 a.m. on 21 April 2010 and 10 a.m. on 
22 April 2010. The electric load identified during these periods is shown in table 21. 
 
 
Electric Load (kW) 

Location 
Between 10 
am and 2pm 

Between 2pm 
and 4pm 

Between 4pm 
and 7:30am 

Between 7:30am 
and 10am 

Ready mix plant 11.7 2.5 3.0 6.4 

Coating plant 80.2 38.0 36.8 110.4 

Garage 55.3 51.0 31.5 56.8 

Main office 61.8 60.5 35.5 60.4 

KFW 1.3 1.5 1.9 1.6 

IT 33.0 32.0 29.4 31.6 

Total 243.2 185.5 138.1 267.2 
Table 21: Killoch sub-metered half-hourly electricity data 

 
 
The high electricity load in the coating plant is due to bitumen heating programmed to 
switch on at night. As the servers at Killoch run constantly, the IT office load remains 
essentially constant 24 hours a day. However, no reason could be found for the high 
night time load in the main office and garage. 
 
 
Day and night time surveys 
 
After the analysis of half-hourly and sub-metered electricity data, it was identified 
that the base load of the site was higher than expected and that there was a need to 
identify entities that might be switched off to reduce this load. To identify these 
entities, day and night time surveys were conducted. A survey sheet was designed for 
this purpose as shown in figure 16. Support was given by the company’s electrician to 
help identify the power rating of each energy consuming entity. 
 
Table 22 shows the survey results, which indicates that the high night time load in the 
main office and garage is due mainly to IT equipment, lights and heaters being left on 
overnight.  
 
Possible energy saving opportunities were identified as: 
 

- installation of plug-in-timers to confine available power to working hours; 
- replacement of luminaries with energy efficient alternatives. 

 
As observed during the surveys, the site offered space for possible wind or solar 
installations as an approach to reducing carbon emissions. It was therefore proposed 
to investigate the feasibility of the following technologies. 
 

- solar photovoltaic (PV). 
- wind turbine. 
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Figure 16: Killoch Survey Sheet 

 
  Quantity Load (kW) 
Garage Total Night % of total at night Total Night % of total at night 
Lights 301 18 5.98% 25.62 3.22 12.57% 
IT and Utilities 257 35 13.62% 19.13 0.21 1.10% 
Heating/Cooling 52 12 23.08% 121.88 19.34 15.87% 
Other 32 3 9.38% 136.08 6.03 4.43% 

       

Main Office Total Night % of total at night Total Night % of total at night 
Lights 672 77 11.46% 70.83 13.01 18.37% 
IT and Utilities 264 62 23.48% 40.11 1.24 3.09% 
Heating/Cooling 135 22 16.30% 380.91 34.2 8.98% 
Other 65 1 1.54% 130.99 2 1.53% 
         
Both 
Locations Total Night % of total at night Total Night % of total at night 
Lights 973 95 9.76% 96.45 16.23 16.83% 
IT and Utilities 521 97 18.62% 59.24 1.45 2.45% 
Heating/Cooling 187 34 18.18% 502.79 53.54 10.65% 
Other 97 4 4.12% 267.07 8.03 3.01% 

Table 22: Killoch survey results 
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Plug in timers (PIT) 
 
During the day- and night-time audits, it was identified that some space and water 
heaters were operating when not required.  
 
A spreadsheet tool was established to assess the case for plug in timers (Appendix 5). 
It was identified that if 10 of the continuously running space heating units were fitted 
with plug-in-timers, this would result in a saving of £4,950 and a reduction of 27 
tonnes of CO2e per annum. A programmable weekly timer was proposed (OWL, 
2010). It was proposed that, if implemented successfully, the use of these PIT units 
would be disseminated throughout the company. However, there were some issues 
identified which will be discussed in Chapter 5 section 5.1. 
 

Energy Efficient Lighting 
 
As identified during the surveys, 17% of the night time load of the site arose from 
lighting (Table 22). This provided the opportunity to replace existing conventional 
lamps (high power Sodium-vapor, metal halide and fluorescent) with energy efficient 
alternatives. 
 
Since LED is a relatively new technology, there is less confidence over its suitability 
and reliability in certain environments. It was not clear how the LED lights will work 
in different working environments, and also if the lights really deliver the savings as 
claimed. It was therefore proposed that lamps should be replaced with LED 
alternatives in the vehicle repair workshop, paint-shop and car parking area. It was 
proposed to undertake a partial replacement to ensure that the technology is suited to 
the activities being undertaken, and it can deliver the energy savings as anticipated. 
 
Table 23 shows the light fittings as proposed for trial replacement. Appendix 6 
provides the technical specification of the LED light fittings along with results from 
the spreadsheet tool as used to analyse quotations. 
  

  
Location  

Existing Lighting  
  

Replacement Lighting  
  

Model 
Power 
(Watt) Model 

Power 
(Watt) 

Paint-shop SON 300 SUN48 64 
Workshop Metal Halide 300 SUN48 64 

Workshop 
Twin 
Fluorescent 168 VP24 32 

Car Park SON 300 Jupiter36 50 
Table 23: Existing vs. Replacement Lighting (LED) 

 

Solar PV 
 
A simulation was carried out using the PVSYST simulation tool (Appendix 7) to 
identify the Solar PV potential of the site. This indicated an estimated yield of 779 
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kWh per kWp installed. The system as analysis corresponded to the following 
assumptions. 
 
- System is grid connected 
- Weather data from Glasgow Airport 
- PV tilt angle of 30˚ 
- South facing 
- No over-shading 
- Kyocera KC 200GHT 200 Wp Panels * 13 modules in series * 4 modules in parallel 
= 52 modules producing a nominal power of 10.4 kWp 
- Sunny Boy SB 6000 U-208 5.2 kW Inverter * 2 
 
Quotations were invited from MCS approved suppliers/installers for 10 KWp, 30 
kWp and 50 kWp systems. A spreadsheet tool was developed to analyse alternative 
configurations (figure 17), with outcomes as shown in table 24. Based on these 
results, a 50 kWp PV system was proposed to be installed on the roof of the stores 
building at Killoch. As observed during site surveys, this roof (location numbers 12 
and 13 in figure 13) was found to be suitable. It is situation at a reasonable distance 
from a near-by coal storage site that it was considered unlikely that panel efficiency 
would be reduced due to coal dust deposition. Also, since the roof faces a highway, as 
shown in figure 18, the possibility existed to make the installation visible to the public 
as a marketing instrument. The lower floors of the building were in minimal use as a 
storage area, and only a small portion of the upper floor was being used to archive 
files. There was no long term plan to adapt the building to any other use, making it 
easier to install Solar PV without affecting any other operations on site. The roof 
construction comprised a concrete post and beam construction overlaid with 25 mm 
insulation and a double-ply bitumen/foil type material (Personal Communication with 
CS, Assistant MD, Barr Industrial, 11-May-2011). 
 
 

 
Figure 17: Solar PV Business case 
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Solar PV system 10 kWp 20 kWp 30 kWp 50 kWp 
Total cost (exc. VAT) £45,000 £85,000 £108,000 £135,000 
Earning per annum £3,724 £6,684 £10,026 £16,710 
Profit over 25 years FIT 
duration £48,091 £82,096 £142,643 £282,739 
Payback years 12 13 11 8 
ROI 4.27% 3.86% 5.28% 8.38% 

Table 24: Solar PV – comparison of various scheme sizes 
 

 
Figure 18: Killoch depot – Google Maps View 

 

Wind Turbine 
 
As a potential opportunity was spotted during the site surveys, a feasibility analysis 
was carried out for the installation of a wind turbine at Killoch depot.  
 
To build confidence in this opportunity, average wind speed was identified using 
DECC’s wind speed estimation tool 
(http://www.decc.gov.uk/en/windspeed/default.aspx). The average wind speed at 10 
m at Killoch was found to be 6.1 m/s (figure 19). The wind data from DECC’s 
database indicated a reasonable potential for wind power generation – Killoch is a 
large site (Figure 13) with ample space to install a wind turbine. 
 
A 75 kW wind turbine (Vestas V17) was proposed by the supplier to suit the site 
location and available space. To analyse the technical, financial and ecological 
aspects, a spreadsheet tool was developed (Appendix 8). 
 
Technical Aspects 
 
To calculate the power captured and annual energy yield, the following formulae was 
used: 

Pcaptured = ½ ηgηbρACpV
3TA

 

Eya = ∫Pcaptured dt 
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Where; 
Pcaptured = Captured electrical power from the wind turbine 
ηg = Generator Efficiency 
ηb = Gearbox / Bearing efficiency 
ρ = Air density 
A = Swept area 
Cp = Power Coefficient 
V = Average wind speed 
Eya = Annual energy yield 
t = time period in hours 
 
The following data was assumed based on standard values used by the supplier. 
 
ρ = 1.225 kg/m3 
Cp = 0.59 
ηg = 80% 
ηb = 90% 
TA = 90% 
 

 
Figure 19: Killoch wind speed data 

 
Integration limit was taken as ti = 0 for start and tf = 8,760 for the total number of 
hours in a year. 
 
As shown in appendix 8, the annual energy yield at 6.1 m/s was estimated to be 
105,728 kWh.  
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However, it was estimated using the same tool that, if the average wind speed of 6.9 
m/s is experienced by the wind turbine at 25 m agl, it will increase the annual energy 
yield to 153,020 kWh, which is an increase of 45%. Also, if the turbine up-time 
reduces to 70%, the annual energy yield will reduce by 22% to 82,233 kWh.  
 
Financial Aspects 
 
The supply, installation & commissioning (SIC) cost of the wind turbine provided by 
the supplier was £120,000. It was identified that a network upgrade would be 
required, resulting in an estimated £200,000 of grid connection cost. The annual 
O&M (operation & maintenance) cost was assumed to be 3% of the SIC cost, based 
on supplier’s experience.  
 
The feed-in-tariff rate available for this size of a wind turbine was 25.4 pence per 
kWh. For each kWh of exported electricity, another 3 pence was also paid by the grid 
operator.  
 
Considering the base load of the site, as shown in table 21, it was assumed that 100% 
of the generated electricity will be consumed on site. It was estimated that a total 
financial benefit of £31,713 will be achieved via the feed-in-tariff and the money 
saved in electricity purchase cost. After excluding the annual O&M cost of £3,600, 
the net annual benefit was estimated as £28,113. 
 
However, if the feed-in-tariff is reduced to 22 pence per kWh by the connection time, 
the net annual benefit will reduce by 13% to £24,518. Also, if the site’s average 
electricity purchase cost is increased by 10%, the net annual benefit will increase by 
3% to £28,959. 
 
Ecological Aspects 
 
In terms of ecological aspects, only carbon emission reduction was considered. It was 
estimated that at a 6.1 m/s average wind speed, 57.2 tonnes of CO2 will be reduced 
per annum, which will reduce the site’s carbon footprint by 1.56% from 2011-12 
level. However, if an average wind speed of 6.9 m/s is experienced by the wind 
turbine at 25 m agl, it will result in a reduction of 82.8 tonnes of CO2, which will 
reduce the site’s carbon footprint by 2.26% from 2011-12 level. 
 
Based on the above analysis, a 75 kW wind turbine was proposed for installation at 
Killoch.  
 

- New opportunities in energy intensive processes 
 
As shown previously in figure 12, the most energy intensive operation at Barr is the 
Quarries division (a major subdivision of Industrial division). In addition to 
aggregates, quarries generally include ready-mix concrete and asphalt production 
plant. In a survey conducted under the Energy Efficiency Best Practice Programme, 
the specific energy consumption of quarry processes was identified (ECG070, 1998), 
with bituminous products (asphalt and other road pavement products) identified as the 
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most energy intensive processes. According to the resulting guide, the average 
specific energy consumption of quarry products is as shown in table 25. 
 

Product Average specific energy 
consumption (kWh/tonne) 

Crushed rock – Igneous/Metamorphic 15.4 
Sand & gravel 10.0 
Ready-mixed concrete 3.6 
Bituminous products 108.2 

Table 25: Specific Energy Consumption in Quarries 
 
In addition to asphalt and other bituminous coated products, transport is a key aspect 
to target due to its significant share in Barr’s energy use. As shown in figure 8 and 
figure 11, in 2008 diesel use at Barr accounted for 26% of the company’s carbon 
footprint and 46% of the company’s energy cost. 
 
On the basis of these data, opportunities for energy/carbon reduction in transport and 
coated products were considered as follows. 
 

Transport Fleet Management 
 
Barr’s transport fleet mainly consists of tippers & mixers, vans and cars. A 
breakdown of emissions from each of these during 2009 is given in table 26. 
 
Emissions source Proportion 
Trucks 26.81% 
Tippers & mixers 27.,20% 
Cars & vans 14.25% 
External hauliers 31.74% 

Table 26: Derv use by usage type (Source: Fueltek software at Barr Limited, 2010) 
 
Excluding the fuel used by external hauliers to deliver Barr’s products, the total Derv 
used by the company’s own vehicles was around 68%. Based on the company’s 2008 
carbon footprint, the company used around 2 million litres of fuel in its own vehicles. 
 

Software Purpose Database 
FuelTek Records diesel usage, diesel cost and total miles for 

all company owned vehicles. 
SQL 

QR3 Records sales, delivery miles and delivery costs for 
company owned and external haulage vehicles in 
Barr Quarries. 

SQL 

LS3 Can be used to record intake quantity of waste for 
Barr Environmental, and also the delivery miles and 
delivery costs for waste transferring vehicles. 

SQL 

CO5 Records sales, delivery miles and delivery costs for 
company owned and external haulage vehicles in 
Solway Steel and Solway Precast. 

SQL 

COINS Financial management, costs and earnings. SQL 
Table 27: IT systems at Barr 
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There were a number of IT systems operating at Barr (see Table 27), which recorded 
data related to transport fuel, including the quantities of products which were 
delivered associated with this fuel use. Brief details of each IT system are presented in 
table. 
 
It was proposed to develop a reporting system based on information available from 
these systems. The data as required from these IT systems was proposed to be routed 
to a data warehouse, from where it could be sourced to generate management reports 
in the required format. The required inputs and outputs of the reporting system, 
summarised in Figure 20, were discussed and agreed with the company.  
 

FuelTek Report
Vehicle reg, vehicle 
type, division, total 
miles, litres, fuel 
costs, date
QR3
Vehicle reg, vehicle 
allocation, delivery 
miles, delivery 
tonnage, date
LS3
Vehicle reg, delivery 
miles, delivery 
tonnage, date
CO5
Vehicle reg, delivery 
miles, delivery 
tonnage, date
Financial software
Vehicle reg, other 
costs, income, date

miles, litres, mpg, 
kgCO2, kgCO2/mile, 
kgCO2/ton, utilisation 
factor, contribution/mile, 
contribution/ton

 
 

Figure 20: Transport reporting system – inputs and outputs 
 
A sample of proposed management reports are given in appendix 12. These consist of 
division-, quarries- and vehicle-based key performance indicators. The reports would 
be automatically emailed to relevant site and division managers as a mechanism to 
reduce fuel use through management intervention. A development cost of £25,000 
was estimated (Source: Meeting with General Manager and IT developer, Barr 
Limited, 14-Jun-2010), mainly in terms of development time and support costs. An 
additional £15,000 annual cost was estimated in relation to managers’ time to go 
scrutinise, discuss and act on these reports. 
 
It was estimated that a conservative target of 2% reduction in fuel use would be 
achievable – equivalent to an annual reduction of 105.2 tonnes of CO2e and a saving 
of £56,000 in fuel costs (Table 28). 
 
A document ‘Information System Requirement Specifications’ was constructed to 
provide information to the company’s in-house IT systems developer (available in 
Appendix 12).  
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Fleet Management Program    
Fuel Derv   
Annual usage by Barr 2,000,000 Litres 
CO2e conversion factor 2.63 kgCO2/litre 
Fuel Price £1.40 £ / litre 
Target reduction – 
percentage 5%   
Target reduction - CO2e 263 Tonnes- CO2e 
Target reduction - fuel costs £140,000   
      

  
Transport R eporting 
System   

Capital cost £25,000   
Annual running cost £15,000   
Target reduction – 
percentage 2%   
Target reduction - CO2e 105.2 Tonnes- CO2e 
Target reduction - fuel costs £56,000   

Table 28: Transport energy reporting system savings 
 

Aggregates Storage Shed 
 
It has long been established that reducing the moisture content in dust and sand can 
result in a significant reduction in the energy consumption of an asphalt/coating plant. 
To establish confidence in this claim, two company coating plants were compared 
with similar characteristics other than that one plant had no shed to keep the dust and 
sand dry. Production and fuel use data were obtained from each site’s monthly records 
and the key performance indicator (litres per tonne) calculated as shown in table 29. 
 
 Plant A (no shed) Plant B (with shed) 
Annual Asphalt / Coated 
Production (tonnes) 

17,496 9,173 

Annual fuel use (litres) 205,753 79,475 
KPI (litres per tonne) 11.76 8.66 

Table 29: ‘Litres per tonne’ comparison (Source: Site based monthly record) 
 
The plant with shed consumed 8.66 litres of fuel per tonne of coated products to dry 
the aggregate while the other plant consumed 11.76 litres of fuel per tonne of coated 
products. This indicated that the plant with shed consumed 26.36% less fuel than the 
other plant. It should be noted that the specific fuel consumption would normal reduce 
with increased production levels. 
 
A pair of sheds was subsequently proposed for coating plant A at a cost of £25,000 
(Source: Solway Steel, 2011). The project was expected to result in an annual 
reduction of 110 tonnes of CO2e and a cost saving of £19,770 per annum (see 
Appendix 15 for the business case calculations). 
 
 
 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

90 

Drying room improvements 
 
A drying room is an integral part of every construction, quarry and process site in the 
UK, where personnel can leave wet clothing to be dried for shift use. Generally, these 
drying rooms are temporary cabins with space heaters fitted to elevate the indoor 
temperature. During non-working hours, usually during night-time, construction sites 
have been observed to require energy only for drying room heaters and security lights. 
In the quarries, it was observed that drying rooms are the second highest load during 
non-working hours after bitumen tank heating. The non-working hours at Barr 
normally total 123 hours per week (based on 15 hours a day operation for weekdays 
and 48 hours for the weekend).  
 
During energy management discussions, it was agreed to trial the replacement of part 
of the space heating load with a dehumidifier (Personal Communication with BW, 
Managing Director, Barr Limited, 03-Nov-2010). To establish confidence in this 
option, an experiment was conducted in a drying room located at one of Barr’s 
quarries. Energy consumption was then compared over a one month period between a 
traditional set-up (2 space heaters) and a mixed set-up 1 space heater and 1 
compressor-based dehumidifier). Two Energenie Ener007 Data Loggers (Energenie 
Ener 007, 2010) were used to log the electricity consumption. The dehumidifier used 
for this experiment was a De'Longhi DEM10 (Appendix 13). The results are 
presented in table 30. 
 

Case 
kWh 
consumption 

kg CO2e 
emissions 

Energy 
cost 

CRC 
cost 

Scenario A:  
2 heaters 2,880 1,558 £288 £19 
Scenario B:  
1 heater + 1 dehumidifier 1,728 935 £173 £11 
Reductions: (1 Month) 1,152 623 £115 £7 
Reductions: (1 Year) 13,824 7,479 £1,382 £90 

Table 30: Results of drying rooms experiment 
 
As observed there exists the possibility of using a mix of heating and 
dehumidification processes to dry operatives’ wet clothes. Traditionally, in a 
construction/quarrying drying room 4-6 kW of resistive heating is used continuously 
(24 hours a day, 7 days a week) to dry the clothes. The process becomes less efficient 
as the room humidity increases over time. Using a mix of dehumidification and 
heating was expected improve the heating effectiveness due to the humidity control 
and the compressor-based dehumidification process which works better at higher 
ambient temperatures.  
 
This process can be made even more energy efficient by adding control to discontinue 
the energy supply when the desired dryness level has been attained. 
 
Based on initial experimentation results, it was proposed to modify five drying rooms 
at Barr to use the heater and dehumidifier combination. This action was predicted to 
result in an annual reduction of 37.39 tonnes of CO2e and a saving of £6,912 per 
annum (Appendix 14).  
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Carbon reduction opportunities at Barr 
 
Table 31 presents the findings of a cost/benefit exercise addressing the opportunities 
identified at Barr. 
 

Opportunity Capital 
Cost  
(£) 

Annual 
Benefit 
(£) 

Annual 
Costs  
(£) 

Project life 
time  
(years) 

Annual carbon 
reduction  
(tonne-CO2) 

Plug-in timers 250 4,950 40 3 27 
LED Lighting 22,010 3,390 500 15 20 
Solar PV 135,000 16,710 500 25 21 
Wind turbine 320,000 31,713 3,600 20 57 
Transport 
reporting 

25,000 56,000 15,000 10 105 

Storage sheds 25,000 19,770 0 25 110 
Drying room 
improvements 

575 6,912 150 3 37 

Vertical 
bitumen tanks 

161,387 36,133 600 15 222 

Burner 
replacement 

30,000 22,500 500 10 83 

IT server room 
improvements 

15,000 4,827 200 10 44 

Table 31: Cost / Benefit Analysis for opportunities at Barr 

Uncertainties in the carbon reduction potential 
 
A number of uncertainties were identified during the project, which can affect the 
above costs and benefits. There follows a brief discussion of these uncertainties, with 
some overlaps (e.g. between capital cost and inflation rate). 
 
Cost variations 
 
Costs related to an opportunity are an important function to calculate the position of 
an opportunity in the MACC and ERIC curves. However, the capital and running 
costs may change over time for a number of reasons. As observed during the 
formulation of the Solar PV business case (section 5.3 and section 6.6), the capital 
cost continuously reduced due to a reduction in the price of the technology because of 
increased market competition. In the calculation of the person-hour costs in the 
Transport energy reporting system, it was challenging to find the required data. This 
cost is also uncertain due to employee and salary changes over time. Therefore, it is 
important to revise the MACC and ERIC curves at regular intervals to include the 
most up-to-date costs related to each opportunity.  
 
Estimated savings 
 
The estimated savings may change for a number of reasons such as those that follow. 
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- Weather (including moisture): The energy consumption of an entity may change 
significantly due to weather changes. In the projects involving IT server room 
improvements, drying room improvements and plug-in timers, it was not possible to 
quantify exactly how much the energy consumption would reduce. Also, in the project 
addressing storage sheds, where the moisture content of dust and sand plays a vital 
role, it was difficult to quantify the moisture reduction as the moisture content of fresh 
dust and sand depends on the ambient conditions whether external or intra-shed. 
 
- Production levels: In some projects, such as burner replacement and storage sheds, 
the financial benefits are dependant on production levels. It is difficult to predict these 
levels as they continually change due to new contracts secured and load sharing 
between different asphalt plants. 
 
- Human behaviour: It is unlikely that different personnel when undertaking the 
same job, such as lorry driving, asphalt plant operation etc. will do their tasks 
consuming the same amount of energy. It is therefore impossible to estimate the exact 
amount of energy saving in projects that depend on human behaviour (such as in the 
case of the transport energy reporting system). 
 
- Working hours:  The working hours at the company vary depending on product 
demand and the work load of an employee. The working hours can also impact the 
savings from advanced technology. As observed during the deployment of innovative 
switching based on passive infra-red detectors (section 5.1), the energy savings 
depend on the usage pattern which itself is uncertain. 
 
- Available incentives: A change in available incentives could significantly impact 
the business case of a carbon reduction opportunity - as observed in the Solar PV 
project (section 5.4) where the unexpected reduction in the available incentive 
changed the business case significantly.  
 
- Energy prices: Energy price change is another significant uncertainty. As energy 
prices generally follow an upward trend, the expected energy cost savings will rise 
with the passage of time. 
 
- Historic information on renewable energy systems: The energy yield from the 
renewable energy systems is estimated using historic data, such as embodied in the 
PVSyst tool and DECC database. It is likely that the actual energy yield will be 
significantly different from the predicted value and that this residual will vary over 
time. 
 
Inflation & discount rate 
 
The rate of inflation and the discount rate are both uncertain and this will affect the 
time value of money and the financial benefits.  
 
Information from experience 
 
Another uncertainty relates to the information that was obtained from employees on 
the basis of their experience, such as the kW rating of electric appliances from the 
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company Electrician and the benefits of vertical bitumen tanks from the Quarry 
Manager.  
 
Commercial literature & green-washing 
 
Information obtained from the commercial literature may be skewed or exaggerated 
for commercial reasons. As mentioned in section 1.3, green-washed products have 
introduced a significant uncertainty to the market making it difficult for decision-
makers to decide if a product can actually attain the carbon emission reductions as 
claimed. 
 
Sensitivity Analysis 
 
To identify the impacts of these uncertainties, a sensitivity analysis was conducted for 
each of the identified carbon reduction opportunities. In the analysis, the impacts of 
uncertainties were analysed on key figures derived from individual business cases, 
which were the capital cost, annual cost/benefit, and CO2 reduction. These figures 
were important to be considered as they decide the position of each opportunity in 
MACC and ERIC curves, which were later developed as presented in section 4.3.  
 

Opportunity Uncertainties 

Transport 
Development 
cost (±20%) 

Fuel price 
(±10%) 

Estimated 
Reductions 

(±25%) 
Running cost 

(±20%) 

Annual 
usage 
(±20%) x 

PIT 
Capital cost 

(±10%) 

Electricity 
Price 

(±10%) 
Day-hours saved 

(±1 hour) 
Winter weeks 

(±20%) x x 

Coating 
burner 

Capital cost 
(±20%) 

Fuel price 
(±10%) 

On-site 
Production 

(±50%) 
Exp. lit/ton 

(±10%) x x 

Drying room 
Capital cost 

(±20%) 

Electricity 
Price 

(±10%) 

Saving 
Measurement 
Error (±10%) x x x 

Solar PV 
Capital cost 

(±20%) 

Electricity 
Price 

(±10%) 
Energy Yield 

(±10%) 
Incentive 
(±20%) x x 

Sheds 
Capital cost 

(±20%) 
Fuel price 

(±10%) 

On-site 
Production 

(±50%) 
Exp. lit/ton 

(±10%) x x 

Vertical 
bitumen tank 

Capital cost 
(±20%) 

Electricity 
Price 

(±10%) Weather (±2oC) 
Heat Loss 

(±20%) x x 

IT Server 
Capital cost 

(±20%) 

Electricity 
Price 

(±10%) 
Est. Cooling 
Load (±10%) x x X 

LED lighting 
Capital cost 

(±10%) 

Electricity 
Price 

(±10%) 
Existing Lighting 

Load (±10%) x x X 

Wind turbine 
Capital cost 

(±20%) 

Electricity 
Price 

(±10%) 
Wind Speed 

(±15%) 
Turbine 

Uptime (±5%) 
Incentive 
(±20%) 

Export 
(25~50%) 

Table 32: Uncertainties in Carbon Reduction Opportunities 
 
Table 32 shows the uncertainties that were considered for each opportunity. The 
limits mentioned in the table were applied to the spreadsheet tools which were used to 
develop the business case for each opportunity. After analysing the impact of each 
individual uncertainty on a carbon reduction opportunity, the outcomes were 
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summarised and used to identify best and worst case figures. Appendix 33 provides 
summaries of uncertainty analysis for each individual carbon reduction opportunity. 
 
From the analyses of uncertainties, a comparison was carried out among standard 
case, best case and worst case scenarios, as shown in table 33, to establish the overall 
potential impact of these uncertainties.  
 

Opportunity 

Standard case Best case Worst case 

Capital 
cost 

Annual 
benefit/cost 

CO2 
Red. 

Capital 
cost 

Annual 
benefit/cost 

CO2 
Red. 

Capital 
cost 

Annual 
benefit/cost 

CO2 
Red. 

Transport £25,000 £41,000 105 £20,000 £80,400 158 £30,000 £12,240 63 
PIT £250 £4,910 27 £225 £6,890 34 £275 £3,308 20 
Coating 
burner £30,000 £22,000 83 £24,000 £62,995 213 £36,000 £2,560 13 
Drying room £575 £6,762 37 £460 £8,213 41 £690 £5,449 34 

Solar PV £135,000 £16,210 21 £108,000 £21,139 23 £162,000 £11,873 19 
Sheds £25,000 £19,770 110 £20,000 £46,334 234 £30,000 £5,157 32 
Vertical 
bitumen tank £161,387 £35,533 222 £129,110 £40,473 230 £193,664 £30,862 215 
IT Server £15,000 £4,627 44 £12,000 £6,828 54 £18,000 £3,103 33 
LED lighting £22,010 £2,890 20 £19,809 £3,561 23 £24,211 £2,288 18 

Wind turbine £320,000 £28,113 57 £256,000 £60,518 91 £384,000 £7,072 33 
Table 33: Sensitivity Analysis for uncertainties in opportunities 

 
As shown in table 33, opportunities differ from each other to the extent that they are 
susceptible to these uncertainties. Some opportunities show lesser potential change in 
financial benefits and CO2 reductions, and some show higher differences due to the 
different nature of the uncertainties. To highlight this difference further, graphs were 
plotted as shown in figure 21 and figure 22.  
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Figure 21: Uncertainties in Annual Benefit 
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Uncertainty in CO2 Reduction

-100%

-75%

-50%

-25%

0%

25%

50%

75%

100%

125%

150%

175%

Transport

PIT Coating burner

Drying room

Solar PV

Sheds
Ver.bitumen

IT Server

LED lighting

Wind turbine

 
Figure 22: Uncertainties in Annual CO2 reduction 

 
Based on observations in figure 21 and figure 22, the opportunities can be divided 
into 3 categories: highly susceptible, medium susceptible and less susceptible (to 
uncertainties) carbon reduction opportunities.  
 
The opportunities in Transport, coating plant burner, storage sheds and wind turbine 
fall into the first category. For the ‘coating plant burner’ and ‘sheds’ projects, the 
main reasons for this high susceptibility to uncertainties are the market situation in 
terms of production level requirement and the uncertainty in specific fuel 
consumption level that can be achieved. In the ‘transport’ project, the uncertainties in 
achievable reduction in fuel use and the market situation in terms of annual 
transportation requirements are the main reasons to assign this carbon reduction 
opportunity to the ‘highly susceptible’ category. In the ‘wind turbine’ project, the 
results are highly sensitive to wind speed, as even a 15% change in wind speed can 
provide a significant difference in power output. As ‘wind turbine’ is a high capital 
project, the uncertainty in capital cost is another major factor. 
 
The opportunities in ‘IT server room’ and ‘plug-in timers’ are assigned to the medium 
susceptible carbon reduction opportunities category. In the ‘IT server room’ project, 
the main reason for this susceptibility is due to uncertainty in the estimated cooling 
load, which itself will be dependant on several variables such as weather, work load, 
job patterns etc. In the ‘plug-in timers’ project, the main reasons for the susceptibility 
are possible fluctuations in electricity price and the weather uncertainty which will 
dictate the number of weeks in winter when the heaters will be required for space 
heating. The remaining carbon reduction opportunities, which are opportunities in 
Solar PV, LED lights, vertical bitumen tanks and drying room, fall into the less 
susceptible category.  
 

4.3 Assessment of carbon reduction opportunities 
 
The available carbon reduction opportunities were compared by plotting MACC and 
ERIC curves and the outcomes delivered to senior management to assist their 
decisions on the selection and implementation of suitable carbon reduction measures. 
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On presentation of these curves, the senior management was interviewed to identify 
the usefulness of these decision support tools.  
 

MACC 
 
Figure 24 summarises the carbon reduction opportunities available at Barr. The 
information was obtained from the business cases of each of the opportunities, and 
populated into the MACC spreadsheet tool. The tool calculated the NPV (Net Present 
Value) and marginal abatement cost for each of the opportunities. A discount rate of 
6% was assumed corresponding to company policy. 
 
After populating information into the MACC spreadsheet tool, the opportunities were 
then sorted in the traditional order, so the opportunity with lowest marginal abatement 
cost was on the left and opportunity with highest marginal abatement cost was on the 
right. 
 
Figure 23 shows the MACC plot for these opportunities. The plot showed that all 
identified opportunities had negative abatement cost, which implies that all of these 
opportunities would be viable even if the company did not participate in a carbon 
trading scheme. Transport reporting system had the lowest carbon abatement cost (i.e. 
-£263.1 per tonne-CO2) which meant that by the implementation of this system, the 
company was expected to annually reduce 105 tonnes of CO2, and also save £263.10 
for each tonne of CO2 reduction per annum. The plot showed the wind turbine at 
Killoch as the least attractive among all the opportunities. However, even in the wind 
turbine’s case, the implementation was expected to annually reduce 57 tonnes of CO2, 
and also save £2.10 for each tonne of CO2 reduction per annum. 
 
All the carbon reduction opportunities included in this MACC analysis had a negative 
marginal abatement cost. However, if there was an opportunity with a marginal 
abatement cost of £15 per tonne of CO2, it would have meant that after its 
implementation, besides annually reducing the suggested tonnes of CO2, it will cost 
the company £15 for each tonne of CO2 reduction per annum. Such an opportunity 
would be unlikely to be implemented, and the company would be financially better 
off to pay the £12 per tonne of CO2 as CRC tax rather than implementing this 
opportunity.  
 
The dashed vertical line on the graph shows the carbon reduction target of 500 tonnes. 
It shows that the company will cross its carbon reduction target by implementing the 
first seven opportunities from left to right. 
 
The MACC helps to compare the carbon reduction opportunities, and is also helpful 
to devise a carbon reduction strategy to achieve a certain target. 
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Figure 23: Marginal Abatement Cost Curve for Barr 
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Figure 24: Carbon reduction opportunities at Barr 
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Figure 25: Financial Assessment Model at Barr 

 

Issues identified in using MACC 
 
The senior management in the focus group was interviewed to identify the usefulness 
of MACC as a decision support tool (Appendix 32). In addition to the previously 
known issues (the presented data being counter-intuitive and so less useful at 
CEO/CFO level as discussed in section 1.2), additional issues, as follows, were 
identified where MACC data would be employed for decision support. 
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- Impact of inflation on annual costs / benefits 
 
It was identified that the existing MACC model does not take into account the impact 
of inflation on financial costs and benefits of a scheme over its life time; rather it 
assumes that cost and benefits remain constant over the life of a carbon reduction 
project. Since energy prices and the cost of operation and maintenance generally 
increase in line with inflation, so the additional benefit of energy cost savings over 
time and the additional disbenefit of increased operation and maintenance costs 
should also be included. To illustrate this, a spreadsheet tool was developed which 
uses the company’s existing financial assessment model (Figure 25). As can be seen 
from the presented data, there is a significant difference in the Net Present Value 
(NPV) derived from each method. For the scheme considered, a difference of £17,746 
in the NPV was demonstrated over a 10 years period of the scheme and with a 
£20,000 capital cost. Should the scheme have a 25 year life time, the difference would 
become £77,539, which is most significant. However, since inflation itself is 
uncertain, it is difficult to implement corrective action to the existing MACC method. 
 

- Impact of project’s life time 
 
The MACC tool calculates the NPV on the basis of a project’s stated life time. 
However, the project life time is likely to change over time depending on outcome 
success and external factors. An opportunity may be beneficial for less than its stated 
life time due to technological changes, such as vertical bitumen tanks replacement 
because a better option becomes available that presents significant savings potential. 
On the other hand, an opportunity may continue benefiting after the end of its stated 
life time if it remains in good condition, such as a coating plant burner which will 
typically last more than 20 years. 
 

ERIC  
 
The ERIC approach can be used to deal with some of the issues identified with 
MACC. There is no negative scaling. There is no counter-intuitive part and the 
Internal Rate of Return (IRR) is more useful to the company management team. ERIC 
shows the IRR of individual projects as well as the cumulative IRR and therefore, like 
MACC, can depict the impact of multiple projects. Since there is no assumption of 
discount rate, the risk level in a project can be chosen by the decision makers. 
 
No existing tool was available to plot ERIC outcomes. Therefore, two existing tools, 
Barr’s NPV tool and Somar’s MACC tool, were modified. The former was updated to 
calculate the IRR for normal cash flow and present value cash flow (figure 26). The 
latter was modified to provide cumulative capital, running costs & benefits and IRR. 
(The MACC tool was also modified to plot ERIC data.) To ensure positive and 
consistent cumulative IRR values, it was assumed that all schemes will continue for a 
minimum of 10 years.  
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An ERIC was then plotted for the same opportunities at Barr, as shown in figure 27. 
After populating information into the spreadsheet tool designed for plotting ERIC, the 
opportunities were then sorted in the traditional order, so the opportunity with highest 
IRR was on the left and opportunity with the lowest IRR was on the right.  
 
Figure 27 shows the ERIC plot for these opportunities. As per nature of ERI curves, 
there was no unviable opportunity, and every opportunity was either less or more 
viable in comparison to the other opportunity, based on the IRR it offered. Plug-in-
timers had the highest IRR (i.e. 1,849%). The installation of plug-in-timers was the 
second best option in the MACC analysis.  
 
Figure 28 lists the IRR calculated from the updated NPV (net present value) tool, and 
other data for each of the opportunity that was used to plot the curve. Transport 
reporting system, which was the most attractive option as suggested by MACC, had 
the third best IRR of 151%. The plot showed the LED Lighting with 6% IRR as the 
least attractive among all the opportunities. 
 
As an investing stakeholder’s point of view, all the carbon reduction opportunities 
which were considered here had an IRR of 6% of above. However, if there was an 
opportunity with an IRR less than the interest rate offered by the bank, the 
opportunity would be unlikely to be implemented, and the investor would be 
financially better off to put the available funds in a bank rather than investing it into 
this opportunity. On the other hand, if the company invests in an opportunity by 
taking a loan, then the IRR of the opportunity must be reasonably higher than the 
interest rate on the loan.  
 
Similar to MACC, the dashed vertical line on the graph shows the carbon reduction 
target of 500 tonnes. It shows that the company will cross its carbon reduction target 
by implementing the first seven opportunities from left to right. 
 

Opportunity ERIC MACC 
PIT 1 2 

Drying room dehumidifier 2 4 
Transport Fleet Mgmt 3 1 

Aggregate sheds 4 6 
Coating plant burner 5 3 

IT server room 6 8 
Vertical Bitumen tanks 7 7 
75 kW Wind Turbine 8 10 

50 kW Solar PV 9 5 
LED Lighting 10 9 

Table 34: Best opportunities from MACC and ERIC 
 
The dialogue boxes on the graph can be manually edited, to show the cumulative 
benefit of implementing a number of opportunities. In the present case, the 
implementation of first three opportunities will reduce 169 tonnes of CO2 per annum, 
and have a cumulative IRR of 189.11%. The implementation of first six opportunities 
will reduce 406 tonnes of CO2 per annum, and have a cumulative IRR of 94.14%. The 
implementation of first seven opportunities will reduce 628 tonnes of CO2 per annum, 
and have a cumulative IRR of 45.22%. 
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The best opportunities as identified from MACC and ERIC were compared as shown 
in table 34. As can be seen the positions of these opportunities vary between the two 
techniques. The biggest change of position was for Solar PV, because it offers a 
poorer rate of return than most of the other opportunities. 
 

Issues identified in using ERIC  
 
Like MACC, the usefulness of ERIC as a decision support tool was questioned from 
the senior management in the focus group (Appendix 32). It was identified that ERIC 
can deal with the negative scale and comfort zone issues, while inflation may also be 
considered when calculating IRR and cumulative IRR. However, other issues were 
identified that would act as a barrier to the use of such a standalone graphical tool for 
carbon abatement decision making. These issues are discussed below. 
 

- No indication of abatement cost 
 
ERIC does not give an indication of an opportunity’s value (abatement cost in £ per 
tonne of CO2e) against the carbon allowance price. For this reason it is not possible to 
use ERIC to identify the allowance price that would make an opportunity viable when 
participating in an emissions trading scheme. 
 

- Range of IRR on logarithmic scale 
 
Due to the range of IRR observed in the ERIC data – from 6% to 1849% - a 
logarithmic y-axis scale was adopted. However, due to having a logarithmic scale, 
this makes it difficult to easily spot the difference between the IRR of two 
opportunities when comparing them. As shown on the ERIC graph in figure 27, the 
wind turbine (IRR 8.44%) and IT Server Room (IRR 23.22%) do not appear to have 
as much difference in their IRR (shown by the height of their respective bars) as it 
actually is, and it is difficult to highlight that the latter is 3 times the former. 
 

- Impact of project’s life time 
 
IRR in ERIC is dependent on a project’s stated life time. However, the project life 
time may well change over and an opportunity become more or less beneficial due to 
technological change or institutional/market factors. 
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Figure 26: NPV Model with IRR calculation 
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Figure 27: ERIC for Barr 
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Figure 28: Carbon reduction opportunities at Barr for ERIC 
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MACC or ERIC 
 
As noted from discussions within the CRC focus group, the decision to utilise MACC 
or ERIC as the basis of decision-making will likely vary from one organisation to the 
other. There are more elements that would also influence such decision-making; these 
include the following. 
 

- Benefit & value created for stakeholders 
 
Investments in energy efficiency and renewable energy systems may not be made 
solely for corporate social responsibility, but the financial value of such a project 
could be vital. Companies with ‘investing stakeholders’ would prefer to make 
decisions on opportunities suggested by ERIC as they give a better indication of 
benefit and value for the stakeholders. There may be other opportunities (but not in 
Barr’s case) with a high potential of carbon reduction but not comparatively offering a 
good IRR. These opportunities will become more financially viable if the price of 
carbon increases in CRC or EU ETS. For example, if an opportunity has an IRR of 
3% or lesser, and a carbon abatement cost of £30/ tonne of CO2e, it would only 
become viable when the price of carbon allowance rises above £30. 
 

- Response to less acknowledged and innovative technologies 
 
There are many new and innovative technologies available in the market, which offer 
emission reduction through energy efficiency or renewable energy generation. As 
identified in section 1.3, there are certain risks associated with these such as 
exaggerated performance claims or unexpected operational flaws. This makes the job 
even more difficult for decision makers, especially when it comes to relying on new 
and innovative technologies where performance evidence is obscure. In such cases it 
is usually helpful to trial the opportunity first, and perform monitoring & verification 
before a full implementation. 
 

- Must-do Projects 
 
An organisation may have an energy saving project that must be implemented due to 
other operational requirements, irrespective of its risks, IRR and carbon abatement 
costs. At Barr, the ‘IT Server Room’ project was the same, as it required an 
immediate solution to reduce the cooling load on existing twin AC system, or it could 
have risked the whole group’s IT system. 
 

CALoRIC  
 
Based on focus group interview outcomes (Appendix 32) and other observed issues, a 
blended approach to carbon abatement assessment was identified as necessary. A 
simple tool, named as CALoRIC (Carbon Abatement Low Risk Abatement Curve), 
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was developed. CALoRIC is based on information obtained from multiple sources 
that also include MACC and ERIC tools.  
 
A CALoRIC is produced from the carbon abatement cost and IRR data that is 
obtained via MACC and ERIC tools: the x-axis shows the carbon abatement cost and 
the y-axis shows the IRR. A line perpendicular to the x-axis is drawn, which shows 
the Minimum Carbon Abatement Cost (MCAC) that the company is aiming to 
achieve. Another line parallel to the x-axis is drawn, which shows the Minimum 
Internal Rate of Return (MIRR) that the company is aiming for. Additionally, any low 
risk opportunities and must-do opportunities can be highlighted out of the chosen 
bands of IRR and carbon abatement cost.  
 

 
Figure 29: CALoRIC Curve 
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CALoRIC is a flexible tool designed to show organisation specific results in 
identifying the most suitable carbon reduction opportunities. It gives information for 
both CEO/CFO and investing stakeholders in terms of IRR, and the information for 
CRC returns in terms of £/tonne-CO2. MCAC and MIRR are flexible, and can be 
assigned values to provide the ability to choose opportunities on either or both 
criteria. 
 
CALoRIC was plotted for the identified carbon reduction opportunities at Barr, as 
shown in figure 29. 
 
Like MACC and ERIC, the usefulness of CALoRIC as a decision support tool was 
questioned from the senior management in the focus group (Appendix 32). It was 
identified that CALoRIC is a better decision support tool than MACC and ERIC. The 
flexibility in CALoRIC to adjust the required IRR and carbon abatement cost was 
found very useful. Though like ERIC, it had a logarithmic scale, but since the 
required IRR (or MIRR) is adjusted by the user, there is less chance of ignoring the 
fact that it is a logarithmic scale. The main purpose of such tools is to reduce the risks 
and uncertainties when making decisions, and it was found that highlighting 
opportunities with possible ‘partial implementation’ was a very good idea to pick 
opportunities with less risk / uncertainty. The ‘must do’ opportunities were 
highlighted, which also saved time. This tool can be even more helpful when there is 
a very large number of available opportunities.  
 

4.4 Chapter Summary 
 
In this chapter, carbon reduction opportunities were identified at the CRC participant 
company through observation from surveys, analysis of metered data and interviews. 
After the establishment of a company energy and carbon baseline, carbon reduction 
opportunities were identified in two parts. First, the opportunities that the company 
was already working on were scrutinised. These included passive cooling and heat 
recovery in the company’s IT office, energy efficient bitumen tanks and coating 
(asphalt & bituminous products) plant burner replacement. Second, more 
opportunities were identified, which include plug-in-timers, LED lighting, aggregate 
storage sheds, drying room improvement, better transport reporting, solar PV and 
wind power. 
 
After the identification of opportunities, and calculation of their business case, 
uncertainties in the calculation were considered. It was observed that these 
uncertainties can be mitigated through the implementation of a reliable information 
procurement and analysis system. 
 
MACC and ERIC curves were plotted on the basis of information available about 
these opportunities, and presented to the CRC focus group. While acknowledging the 
suitability and benefits of the data for decision making, a number of issues were also 
identified. It was considered important to devise a method to factor in the likelihood 
that the identified benefits will likely be time invariant due to the uncertainties 
involved. An issue with MACC is that it does not take into account the variation of 
inflation over a project’s life time. An issue with ERIC is that it does not provide a 
carbon abatement cost to compare the opportunity against the carbon allowance price. 
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ERIC may also require a logarithmic scale for plotting, which can give rise to 
incorrect user perception.  ERIC also requires project’s life time data to calculate IRR. 
 
In addition to the issues identified in using MACC and ERIC, other company specific 
factors also affect decision making, such as the reliability of new technologies, and 
the benefit and value to stakeholders. 
 
As a solution to these issues, a blended approach was identified using information 
from MACC and ERIC models. A simple tool, named as CALoRIC (Carbon 
Abatement Low Risk Abatement Curve), was developed. CALoRIC was identified as 
a useful decision support tool than MACC and ERIC. The flexibility in CALoRIC to 
adjust the required IRR and carbon abatement cost was found helpful. The tool passed 
the main test, which is to reduce the risks and uncertainties, as it allowed highlighting 
the opportunities with possible ‘partial implementation’. Specific to Barr, the ‘must 
do’ opportunities were also highlighted to save time. This tool can become even more 
helpful when there is a very large number of available opportunities. 
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5 MONITORING & VERIFICATION 
 
In the previous chapter, an energy usage baseline was established for Barr, and a 
number of carbon reduction opportunities identified. These opportunities were then 
assessed by plotting MACC, ERIC and later CALoRIC curves from which the 
opportunities that might be implemented to reduce company’s carbon emissions were 
assessed.  On this basis, and other company specific factors, some of the opportunities 
were subsequently implemented. In this chapter, the monitoring and verification of 
implemented opportunities are discussed. The chapter also includes the information 
on corrective actions taken and the improvement of the MACC, ERIC and CALoRIC 
analysis approach.  
 

5.1 Plug-in-timers 

Implementation 
 
Plug-in-timers were identified as a top energy saving opportunity in both MACC and 
ERIC, and among the top 3 opportunities in CALoRIC. As proposed, 10 OWL plug-
in-timers were installed on the identified space heaters.  
 

Monitoring & verification 
 
The energy consumption of the timers was proposed to be verified by connecting a 
suitable energy use monitor (Energenie Ener 007, 2010). However, at the end of one 
week following installation, it was identified that only 3 timers were still operating as 
programmed. Of the remaining 7 timers, 3 were missing, 2 had been switched off and 
2 had been reprogrammed. 
 

Corrective action 
 
An alternative product to plug-in timers was identified to provide a solution to these 
issues. The product was PSX switches. Powersol PSX 135 and Powersol PSX 125 
(Appendix 17) are power switches that can be permanently fixed and are tamper 
proof. 
 
The MACC and ERIC curves were updated to reflect the use of these products 
resulting in a marginal abatement cost of -£143.80 per tonne of CO2e and an IRR of 
301.24%, which was still impressive (Appendix 18). 
 
PSX 135 and PSX 125 units were installed on the space heaters and wall mounted hot 
water units as proposed. During weekdays the units were programmed to switch on at 
6:00 am, switch off at 11:00 am, switch on again at 12 noon, and switch off at 6:30 
pm. During weekends, the units were programmed to stay off completely. 
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The monitoring & verification of these units proved to be difficult. Since the units are 
hardwired, a plug-in-meter such as the Energenie Ener007 cannot be installed. The 
units were installed in different areas, so the savings could not also be quantified via 
one meter. The monitoring & verification was therefore carried out through daily 
checks on the units, to ensure that they performed as programmed. In the first 2 weeks 
of operation, the units were inspected 3 times per day as follows. 
 
- 1st check: 8:30 am to ensure all units are working and have heated the space enough 
to make it comfortable for people working in the area. 
- 2nd check: 11:00 am to ensure that units are switching off as programmed. 
- 3rd check: 12:00 noon to check that the units are switching on again as programmed. 
- 4th check: Random timings to see that the units in the toilets with PIR sensors are 
switching the unit on after sensing movement. 
 
In the 8 weeks thereafter, only the 2nd, 3rd and 4th checks were performed, with some 
additional random check at other times. The units were always found to be operating 
as programmed. 
 
After 10 weeks of monitoring & verification, it was proven that the units offered 
enhanced energy savings. Due to the PIR-supported control in the toilets and two 
rarely used rooms, the heating units were switched off even during the day time when 
there was no occupancy.  This resulted in an extra 30% energy saving during the 
working hours. Instead of 19,800 kWh, a saving of 23,220 kWh was observed during 
the 10 week monitoring period. This equated to a saving of over £2,300, which meant 
that the units had already reached payback. 
 
Though the PSX controls offered energy savings as expected, they gave rise to issues 
as discussed below. 

- Need for a programming PC 
These units require a computer with corresponding software installed in order to 
program the. On Windows XP, the software failed to work unless another driver was 
installed later. The software interface is simple, and does not require specialist 
training. 

- Need for a qualified electrician 

For Health & Safety reasons, it was a requirement at Barr that the installation of these 
units be carried out by a qualified electrician, who can isolate the electricity supply, 
install the unit and then re-energise the circuit. This is different from an ordinary 
plug-in-timers which can be installed by a lay person. 

- USB port is hidden once fitted 

In the PSX switches, the USB programming port is hidden inside the spur once the 
unit is installed on the wall. This means that even a minor change to the program 
requires an electrician. 
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- Built-in thermostat only suitable for 1.5 kW appl iances 
As informed by the supplier, the built-in thermostat is unable to work with appliances 
above 1.5 kW. In such cases, the built-in thermostat becomes hot and gives false 
readings (i.e. higher temperature).  

- Cost of units 

The units 10 to 15 times more expensive than a typical plug-in-timer, and there is the 
additional cost of the electrician and programmer’s time. The first installation 
required almost an hour of electrician and programmer time. Also, a trivial change to 
the program required half an hour of electrician and programmer time. Since an 
electrician will not normally have a laptop, a programmer will be required during 
every installation and maintenance activity. 

- Human behaviour 
People are characteristically reluctant to change. As expected, there were complaints 
such as hot water not dispensing quickly enough from wall-mounted units. On 
inspection, only a small difference was detectable between the time for hot water from 
units with and without PSX 125. Another complaint related to a rarely used meeting 
room where a PSX 135 with PIR had been installed. This room was found to be cold 
for a meeting at 2 pm even though it was warm enough within 10 minutes. If energy 
waste is to be reduced then the meeting room cannot be kept warm all day for a 
meeting that may or may not happen. 
 
Based on partial implementation of these units, findings were noted and discussed 
within the CRC focus group. MACC, ERIC and CALoRIC were also updated, 
identifying a marginal abatement cost of -£143.80 per tonne of CO2e and an IRR of 
301.24%. 
 

5.2 Energy Efficient Lighting 

Implementation 
 
Though LED lighting was not the best available opportunity according to the results 
from MACC, ERIC or CALoRIC, but LED lighting was implemented due to it being 
a low risk option with partial implementation possibility. As an initial trial, it was 
decided to replace 1 fitting in each proposed area and monitor & verify performance 
before progressing to full replacement. 
 
One hi-bay fitting was replaced in the paint-shop with a SUN48 LED lamp, one twin 
tube was replaced in the workshop stores with a VP24 LED lamp, and one parking 
area light was replaced with a Jupiter 36 LED lamp.  There was a mixed outcome for 
these replacements.  
 
 

Monitoring & verification 
 
The energy consumption of these replacements was verified before installation by 
connecting an ‘Energenie Ener 007’ energy monitor (Energenie Ener 007, 2010) and 
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the lights were found to be working within 5% of their stated consumption. Despite 
that, there were other issues identified after installation. In the parking area, the 
luminosity of the light was not observed to be as effective as the conventional SON 
light, although it was still acceptable for a car park. In the paint-shop, there was a 
complaint from company’s painter because the illumination level was less than 
acceptable for the task – this was subsequently confirmed by lux level measurement. 
 
In the workshop stores, the LED twin tube lamp was found to be acceptable although 
the light distribution was not as effective as a fluorescent tube.  
 
In an on-going research on energy efficient lighting at University of Strathclyde, it has 
been identified that, while purchasing LED lights, the housing and capacitor quality 
must be assured in order to avoid failure before the end of the LED service life. (Ref: 
Personal communication with JA, University of Strathclyde, 21-Mar-2011) 
 

Corrective action 
 
The trial highlighted the need for LED lights of higher luminance (at higher cost). 
Induction lights were proposed by a supplier as an alternate technology against the 
claim that these offer better illumination, are omni-directional, have a 6 times longer 
life than LED lights and are almost half the price. Research revealed that induction 
lights offer higher pupil lumens (EcoNext, 2012) making them look brighter than 
conventional lights. It was proposed by the supplier to install induction lights in the 
workshop/paintshop to monitor & verify performance at no cost if users were 
dissatisfied.  
 

Characteristics LED Induction 
Lux levels* Standard Standard 

Direction* 
Uni-
directional 

Omni-
directional 

Energy  / CO2e 
reduction** 40-50% 40-50% 
Rated life (hours)*** 60,000 100,000 
Price difference from 
traditional lights*** 400% high 200% high 
Warranty (years)*** 3 5 
For 100 units 
installed:     
Capital cost*** £50,000 £20,000 
CO2e reduced / year 
(tonne)** 57.94 29.79 
Cost saving/ year** £11,405 £5,865 
Pupil luminous efficacy 
(lumens/ Watt) 165***** 129**** 
Note: 
*As observed during trials 
**As measured by Energenie Ener 007 meter 
***Based on information from suppliers 
****Reference: (Econext, 2012) 
*****Reference: (MyLEDLightingGuide, 2012) 

 
Table 35: Comparison of LED and Induction lights 
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The installation of a test induction lamp was subsequently carried out in the workshop 
area: a Matsushima MAT-F05 200 W hi-bay induction lamp (Matsushima, 2011). 
 
The energy consumption of the induction lamp was verified before installation by 
connecting an Energenie Ener 007 energy monitor (Energenie Ener 007, 2010) and 
the lights were found to be working within 10% of their stated consumption. After 
installation, the performance was satisfactory. Based on these trials, a comparison of 
LED and induction lamps was undertaken as shown in table 35. 
 
Induction lights require less capital and are more acceptable to the users. For these 
reasons, the lighting in the workshop, paint-shop and parking area were also proposed 
to be replaced with induction lights. Appendix 30 shows the business case 
calculations. The MACC, ERIC and CALoRIC were updated, showing a carbon 
abatement cost of -£33.40 per tonne of CO2e and an IRR of 3.1%: the low return on 
investment caused the cancellation of further deployments. Likewise, the replacement 
of fluorescent tubes with LED lights was postponed until a more cost-effective 
solution was found.  
 
In this research, problems in installation were also found to be significantly time 
consuming. However, there are induction and LED lights available in the international 
market (Source: EBay search, 2011) in T5-T9, E26-E40 and R7 fitting types, which 
would fit into the existing housings to make these lamps simpler and quicker to 
install/ replace, with easy availability of alternatives in the case of a failure.  
 

5.3 Transport Fleet 

Implementation 
 
The transport energy reporting system was implemented as proposed after 
development by the company’s internal IT developer. Several issues arose both during 
and after the system deployment. On the positive side, the IT developer was well 
versed with existing systems and had access to the resources to do the job quicker 
than an externally sourced developer. On the negative side, the IT developer was 
already engaged in multiple internal projects for sales and financial systems. In 
addition, there were errors found in the early developed version, such as utilisation 
factor unavailability and incorrect previous month and year-to-date data. For such 
reasons it took 12 months to develop the system. Once operational, the system was 
presented to the CRC focus group and fully implemented. A typical report from the 
system is shown in Appendix 22. 
 

Monitoring & verification 
 
During the first 3 months of use, it proved difficult to get the transport managers go 
scrutinise the monthly transport reports due to their busy schedule. As a result no 
remedial actions were initiated. Further, since the reports were generated at monthly 
frequency, managers found it difficult to identify reasons for energy wastage. 
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Within the environmental division, trucks move between fixed locations and the 
opportunity for energy saving was low. The remaining significant energy users in the 
company’s transport fleet were tippers and mixers for asphalt, concrete and dry 
aggregates, and significant savings were expected. 
 

Corrective action 
 
To solve the observed issues, an off-the-shelf telematics system was implemented, 
which was offered at low cost (Appendix 23). The Tom-Tom telematics system was 
expected to provide daily alerts on fuel consumption and waste, and deliver a 
behavioural change in drivers of tippers and mixers. By providing daily alerts and 
detailed information about fuel use, fuel waste, speeding data and routes, it was also 
expected to become simpler for the transport managers to identify the source of a 
problem and possible solutions. 
  
The telematics system was trialled for a month to build confidence in its performance; 
it was then fully implemented in the Quarries Division’s tippers and mixers vehicles 
at a capital cost of £6,000 and an annual running cost of £3,750. Since the system 
generates auto alerts and reports, a lower annual management involvement cost of 
£3,000 was assumed.  
 
The savings from the system were monitored and verified on a monthly basis by using 
the fuel consumption figures available from the previously developed reporting 
system. From the results shown in the fuel efficiency comparison of Appendix 24, a 
3.48% reduction in fuel usage was identified, corresponding to a saving of 15,829 
litres of fuel per annum (approximately £22,160 at £1.40 per litre) and a reduction of 
41.77 tonnes of CO2e per annum. MACC, ERIC and CALoRIC were updated to show 
a carbon abatement cost of -£282.10 per tonne of CO2e and an IRR of 451.26%. 
 

5.4 Solar PV 

Implementation 
 
A 50 kWp solar PV system was proposed for installation on the stores roof at Killoch. 
For several reasons, such as project cost and Health & Safety issues, it took 5 months 
to complete the paperwork required to obtain internal approval. In November 2011, 
the UK government dramatically reduced the feed-in-tariff with effect from 12 
December 2011. This resulted in the tariff for a 50 kWp scheme being reduced from 
32.9 to 15.2 pence/kWh. Due to the time scale associated with such scheme (the 
negotiation with the grid operator can take around 45 days) it was impossible for the 
company to complete the project by the December deadline.  
 

Corrective Action 
 
The viability of the project was reanalysed using the spreadsheet tool (Appendix 19) 
and payback period increased to 12 years from the previously estimate of 8 years. The 
updated MACC and ERIC predictions then showed a carbon abatement cost of -
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£14.80 per tonne of CO2e and an IRR of -6.78%, which made the proposal the least 
attractive of all the proposals being considered for investment by the company, and 
pushed the project out of given range in ERIC and CALoRIC. 
 
The CRC focus group decided to shelf the project and mark it for reconsideration at a 
later stage should the price of solar panels fall or the subsidy situation change. 
 

5.5 Wind turbine 
 
Likewise, the company decided not to proceed with the proposed wind turbine 
installation because the option was a low scoring opportunity in CALoRIC, MACC 
and ERIC. In addition, the capital required for the scheme was high and the planning 
application process was expected to protract due to the site’s close proximity to a 
highway and airport. Again the opportunity was marked for a later reassessment. 
 

5.6 IT Server Room 

Implementation 
 
Although passive cooling and heat recovery in the IT server room was considered a 
priority the initial plan entailed only passive server cooling with the captured heat 
passed to the adjacent IT store. 
 

Monitoring & verification 
 
As with plug-in timers, monitoring & verification proved to be problematic. The 
process was therefore implemented and the outcome determined by visual 
observation: a significant reduction in cooling unit operation was observed as 
summarised in table 36. 
 

Observation 
per AC Unit 

AC 1 
observed 
operation 

AC 2 observed 
operation 

10 0 0 
10 2 1 
10 3 2 
10 6 5 
10 8 6 
10 10 9 
10 9 10 
10 8 7 
10 8 7 
10 6 5 
10 4 3 
10 0 0 

SUM:  120 64 55 
 Load  49.58% 

Table 36: AC Units running observations 
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As can be seen the AC units were observed to be running for 50% of the time, 
whereas previously they were operating for 100% of the time. These data were used 
to recalculate the savings from this opportunity (Appendix 20) and MACC and ERIC 
were updated providing a carbon abatement cost of -£36.50 per tonne of CO2e and an 
IRR of 18.12%. CALoRIC was also updated to show the position of opportunity, in 
comparison to other carbon reduction options, after monitoring & verification. 
 

5.7 Bitumen Tanks 

Implementation 
 
The company decided not to purchase vertical bitumen tanks due to their weak case in 
CALoRIC, attached to the high capital required. Instead, it was decided to meet the 
operational requirement by replacing 3 tanks with refurbished electrically heated 
horizontal tanks, which were readily available at a lower cost of £10,000 each. There 
was no technical information available on tank energy use. 
 

Monitoring & verification 
 
After installation, an Elcomponent SPC Pro 3 phase data logger (Elcomponent, 2010) 
was installed on a refurbished and an existing bitumen tank both operated under 
similar weather conditions. The cost saving was then estimated from the result 
(Appendix 21) and MACC, ERIC and CALoRIC were updated. The carbon 
abatement cost was identified as -£25.20 per tonne of CO2e with an IRR of 9.51%.  

5.8 Drying Rooms 

Implementation 
 
Drying room project was among the top 3 opportunities as suggested by CALoRIC. 
Five drying rooms were fitted with a combination of heaters and dehumidifiers as 
proposed.  
 

Monitoring & verification 
 
Since the project was proposed after initial trial, therefore no further monitoring & 
verification was carried out. However, there were discussions with the site manager 
where these units were deployed to confirm satisfactory operation. All five unit 
managers reported better quality of drying post deployment. 
 

5.9 Storage Sheds 
 
The company decided not to implement the storage sheds project due to their weak 
case in CALoRIC, attached to the high capital required. It was decided to shelf the 
project and mark it for reconsideration at a later stage.  
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5.10 Burner Replacement 
 
The proposed burner replacement was also postponed due to its weak case in 
CALoRIC, attached to the high capital required. The business case was revised with 
updated fuel cost figures, but due to no significant difference in the project’s position 
in CALoRIC, it was decided to shelf the project and mark it for reconsideration at a 
later stage.  
 
After monitoring & verification and revision of the carbon reduction opportunities, 
final costs and benefits were obtained, as shown in table 37. 
 
Opportunity Capital Cost  

(£) 
Annual 
Benefit (£) 

Annual 
Costs  
(£) 

Project life 
time  
(years) 

Annual 
carbon 
reduction  
(tonne-CO2) 

Tamper-proof 
PSX switches 

1,775 5,805 75 3 31 

Induction 
Lighting 

15,033 2,655 500 25 15 

Solar PV 120,000 10,498 500 25 21 
Wind turbine 320,000 31,713 3,600 20 57 
Transport 
fleet 
management 

6,000 22,160 6,750 5 42 

Storage sheds 25,000 19,770 0 25 110 
Drying room 
improvements 

575 6,912 150 3 37 

Refurbished 
bitumen tanks 

30,000 6,324 600 10 48 

Burner 
replacement 

30,000 15,000 500 10 83 

IT server 
room 
improvements 

15,000 4,138 200 10 38 

Table 37: revised costs and benefits associated with the carbon reduction opportunities. 
 

5.11  Impacts of implementation on the Company 
 
As observed during this research, the decision makers in an organisation do not only 
require reliable information on potential carbon reduction opportunities and their 
comparison to implement the most suitable ones, but they also require information on 
the impact of implementations to decide their further carbon reduction strategy. After 
the monitoring & verification, trust can be established on potential savings from the 
carbon reduction opportunities, but it still remains a question if these savings are 
enough to achieve organisational targets, and to what extent other factors can affect 
reduction in carbon emissions.  
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In addition to the energy efficiency and renewable energy initiatives, absolute carbon 
emissions in a company may reduce due to a number of factors, such as reduced 
business activity, an increase in energy awareness or indirect impact from other 
activities such as maintenance etc. During this project, the company was operating in 
a recessed market, and the business activity went down. Also, as the project 
progressed, the buy-in from the employees at all levels in the company was achieved 
by sharing with them the information on impacts of CRC through Focus group 
communication, energy newsletters (see Appendix 34), energy toolbox talks (see 
Appendix 35) etc. Though all of this resulted in reduced absolute carbon emissions, it 
identified a new challenge of how to identify where the change in the company’s 
carbon emissions is coming from. 
 
Due to the monitoring & verification of implemented carbon reduction opportunities, 
the first part of the challenge was easily dealt with. Based on the verified carbon 
reduction potential of the opportunity and the time of implementation, it can be 
readily quantified how much carbon emissions have been reduced due to its 
implementation over a period of time. The remaining reductions in carbon emissions 
are due to reduced business activity, increased energy awareness or other activities 
indirectly affecting the energy use. 
 
Impact of energy awareness is a subjective matter, and the most difficult to quantify 
in such a large company such as Barr which has several operational sites and over 600 
employees. Similarly, there are hundreds of daily activities of varying scale which can 
indirectly affect energy use, and it is difficult to quantify their impact. 
 
However, the impact of reduced business activity could be normalised by using a 
sensible benchmark and key performance indicators. 
 
It was difficult to identify and use benchmarks and key performance indicators for 
different businesses of the company. Since the main focus of the project remained on 
the quarries (i.e. industrial division) due to their carbon intensity, and also because 
sensible key performance indicators (KPI) and benchmark levels were already 
available (Banes & Fifer, 2011), this analysis was focused on the company’s quarries 
only. 
 

Energy Benchmarking 
 
Table 38 shows the KPI that were identified for Barr’s Quarry products using the 
Energy Consumption Guide (DETR, 1998). 
 

Product Key Performance Indicator Unit 
Aggregates Energy per unit produced kWh/tonne 
Coated Products Energy per unit produced kWh/tonne 
Concrete Energy per unit produced kWh/metre-cube 

Table 38: Quarry Products’ Latest KPI 
 
It was decided to introduce benchmarking/KPI sheets to be completed by Quarry 
Managers, to increase their awareness about energy use of their products, and also the 
CRC costs of them. Appendix 36 shows the sheets that were introduced to the Quarry 
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Managers. The following challenges were identified after introducing the 
benchmarking/KPI sheets. 
 

- The Quarry Managers found it time-consuming to complete these paper based 
sheets once every month. 

- In the quarries that produce more than one of the products shown in table 38, it 
was not possible for the Quarry Managers to split electricity consumption due 
to the absence of sub-metering. The electricity consumption was being split 
based on a simple fraction of the products that were being produced. So, if a 
quarry produced 5 tonnes of aggregates, 3 tonnes of coated products and 2 m3 
of concrete, the electricity was then divided as 50% for aggregates, 30% for 
coated products and 20% for concrete. 

 
The first challenge was dealt with by providing Quarry Managers with a similar but 
spreadsheet based tool. For the second issue, the best solution is sub-metering, but due 
to time and cost constraints, it was decided that quarries would continue to split 
electricity use in the above manner. Since this had introduced a problem, there was 
another technique used at divisional level to quantify carbon emissions that have 
changed due to business activity. 
 
At divisional level, the number of tonnes of aggregate and coated material produced 
was converted into equivalent units of concrete. The equivalency was decided on the 
basis of energy intensity of each of these products based on the latest published 
benchmarks (Banes & Fifer, 2011). Table 39 shows that benchmark levels for these 
products and their equivalent number of units of concrete per unit of product. 
 

Product Specific energy 
consumption 

Equivalence to units of 
concrete 

Aggregates 14.2 kWh/unit (A) A / C = 7.474 
Coated Products 117.6 kWh/unit (B) B / C = 61.895 
Concrete 1.9 kWh/unit (C) C / C = 1 

Table 39: Energy equivalent production units 
 
For example, if a site produced 5 tonnes of aggregates, 3 tonnes of coated products 
and 10 m3 of concrete products, its total equivalent production (TEP) was given as: 
 
TEP  = (5 x 7.474) + (3 x 61.895) + (10 x 1) 
 = 233.05 units 
 
If the total carbon emissions during the production of these materials were 1 tonne-
CO2, then the KPI here can be given as: 
 
KPI = (CO2 emissions x 1000) / TEP 
 = (1 x 1000) / 233.05 
 = 4.29 kgCO2/unit 

CO2 Reductions at Barr Industrial 
 
Table 40 shows the verified reduction in carbon emissions in Barr’s Industrial 
division. 
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Implemented Projects 

CO2 savings 
per 
implementation 

No of units 
implemented 

Annual CO 2 
saving (tonnes) 

Cumulative 
CO2 saving to 
date 

PSX Switches 3.1 10 31.4 41.3 

Drying room dehumidifiers 7.5 5 37.4 64.2 

IT server room improvements 38.3 1 38.3 89.5 

Transport - telematics system 41.8 1 41.8 48.9 

Refurbished bitumen tanks 16.0 3 48.0 128.1 

Energy Efficient Lighting (LED 
& Induction trials only) 1.2 1 1.2 1.8 
Total Implemented   41.10% 198.1 373.8 
Total Proposed   100.00% 482.0 - 

Table 40: Verified CO2 Reductions in Barr Industrial 
 
As shown in table 40, the verified savings were 198 tonnes of CO2 per annum. 
Cumulative verified savings up to the closing of research work were 374 tonnes of 
CO2.  
 
To understand how the other emission reduction factors affected the division during 
the same period, the carbon emissions, equivalent production and KPI figures, before 
and after the research project, were populated in table 41.  
 
Factor Pre-

Implementation 
(2009) 

Project End 
(Dec11-Nov12) 

Change 

Absolute annual CO2 
reduction 

(A) 10,768 9,771 -997 

- Reductions from 
Implemented projects 

 - -198 -198 (i.e. ‘-
20%’) 

- Reductions from other 
factors 

 - -799 -799 (i.e. ‘-
80%’) 

Total Equivalent 
Production 

(B) 11,611,007 10,934,515 -676,492 (i.e. 
‘-6%’) 

KPI (kgCO2/unit) (Ax1000
)/B 

0.927 0.894 -0.034 (i.e. ‘-
4%’) 

Table 41: CO2 emissions Pre- and Post-Project 
 
Table 41 shows an interesting comparison: of the 997 tonnes reduction in the 
company’s carbon emissions, 80% of these came from factors other than the 
implemented & verified carbon reduction opportunities. However, this is not true. The 
business activity significantly reduced during this period. As shown in table 41, the 
equivalent production levels reduced by 6% in this period. Therefore, it is unfair to 
comment on absolute reductions without considering the benchmarked energy 
consumption, which showed to be reduced by 4%. 
 
The benchmarking also provided a fair method to estimate reduction in carbon 
emissions from factors other than business activity and implemented carbon reduction 
opportunities. It was assumed that, if none of the carbon reducing factor was there in 
the company’s division, its KPI would have remained constant. Based on this 
assumption, it was estimated what the carbon emissions would have been if the KPI 
remained constant (i.e. remained at 0.927).  
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Factor Unit Pre-
Implementation 

Project End 

Actual  
If KPI 

remained 
constant  

Absolute 
Annual CO2 
emissions 

(tonnes-
CO2) 10,768 9,771 10,141 

Total 
Reductions 

(tonnes-
CO2) - 997 370 

CRO* based 
reductions 

(tonnes-
CO2) - 198 198 

Reductions 
from other 
factors 

(tonnes-
CO2) - 799 172 

Equivalent 
production 
units 

(production 
units) 11,611,007 10,934,515 10,934,515 

KPI (kgCO2/Unit) 0.927 0.894 0.927 

*CRO = Carbon Reduction Opportunities 
Table 42: CO2 reductions with Constant KPI 

 
Table 42 shows that the carbon emissions of the division at the project’s end would 
have been 10,141 tonnes of CO2 {i.e. (0.927 x 10,934,515) / 1000} instead of 9,771 
tonnes if the KPI remained constant. If also suggests that, effectively, the company 
has reduced 370 tonnes of its carbon emissions instead of 997 tonnes. Of these 370 
tonnes of emission reductions, 198 tonnes came from the implemented initiatives 
(assuming that the verified savings were unaffected by the change in business 
activity). As this analysis is based on normalised emissions, the following conclusions 
can be made. 
 

- 370 tonnes of CO2 was reduced at the division during the research project. 
- 198 tonnes of this reduction came from the implemented carbon reduction 

projects, which was monitoring & verified. This was 54% (i.e. 198 out of 370) 
of the effective reductions. 

- 172 tonnes of this reduction came through an increase in energy awareness or 
indirect impact from other activities such as maintenance etc. This was 46% of 
the effective reductions. 

- Specific energy consumption reduced by 4% (i.e. from 0.927 kgCO2/unit to 
0.894 kgCO2/unit). 

 

Sensitivity Analysis 
 
At this point, it should be noted that there will always be an element of uncertainty for 
reasons as follows. 

- Energy performance of a resource (such as plant, machinery, operative) is not 
constant. 

- The results from monitoring & verification have their limitations, and the 
simultaneously occurring maintenance activities, energy awareness campaigns 
and so on may also impact these results. 

- Fuel and electricity use is converted into equivalent carbon emissions based on 
conversion factors, which change over time and may be revised every year. 
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- The equivalent production levels are based on industry averages for the three 
major products from the quarries, and it is difficult to find exact product 
specific energy use/carbon emissions without appropriate sub-metering in 
place. 

 
Sensitivity analysis was carried out to determine the impacts of uncertainties in 
verified savings and product specific energy benchmarks as given below. 
 

Factor 0% +10% -10% 

Total Reductions (tonnes-CO2) 370 100% 370 100% 370 100% 

CRO* based 
reductions (tonnes-CO2) 198 54% 218 59% 178 48% 

Reductions from 
other factors (tonnes-CO2) 172 46% 152 41% 192 52% 

*CRO = Carbon Reduction Opportunities 
Table 43: Impact of uncertainty in verified savings 

 
As shown in table 43, the share of reduction from the implemented carbon reduction 
opportunities and other factors may individually change by up to 6% due to 
uncertainty in monitoring & verification. To analyse the impact of uncertainty in 
product benchmarks (or specific energy consumption), a 10% change was assumed 
for each individual product as shown in table 44 (aggregates), table 45 (coated 
products) and table 46 (concrete). As known already, coated products are the most 
energy intensive of quarries products. As shown in table 45, coated products can 
impact the share of reduction up to 10% of its value.  
 
Product Unit 0% +10% -10% 
Aggregate
s 

(kWh/unit
) 14.2 15.62 12.78 

Equivalent 
production 
units 

(productio
n units) 

Initial Final Initial Final Initial Final 
11,611,00

7 
10,934,51

5 
12,077,41

1 
11,315,27

9 
11,144,60

4 
10,553,75

1 

Total 
Reductions 

(tonnes-
CO2) 370 100% 317 100% 426 100% 

CRO 
based 
reductions 

(tonnes-
CO2) 198 54% 198 62% 198 46% 

Reductions 
from other 
factors 

(tonnes-
CO2) 172 46% 119 38% 228 54% 

Table 44: Impact of uncertainty in Aggregates benchmark 
 
Based on this research, it was identified that the company’s most energy intensive 
division has reduced its specific carbon emissions. More than half (i.e. 54%) of these 
reductions came from the implemented carbon reduction opportunities, and the rest 
were from other factors such as increasing energy awareness and maintenance.  
 
If all of the carbon reduction opportunities proposed during this research were 
implemented, the division would have achieved a reduction of 654 tonnes (i.e. 
reductions from carbon reduction opportunities + reductions from other factors = 482 
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+ 172 = 654 tonnes) of normalised carbon emissions, and the share of reductions from 
carbon reduction opportunities would have been 74% instead of 54%. The reduction 
in specific energy consumption, in this case, would have been 6% instead of the 4% 
that was actually achieved. 
 
Product Unit 0% +10% -10% 

Coated 
(kWh/unit
) 117.6 129.36 105.84 

Equivalen
t 
productio
n units 

(productio
n units) 

Initial Final Initial Final Initial Final 
11,611,00

7 
10,934,51

5 
12,299,24

6 
11,642,03

3 
10,922,76

9 
10,226,99

6 
Total 
Reduction
s 

(tonnes-
CO2) 370 100% 422 100% 311 100% 

CRO 
based 
reductions 

(tonnes-
CO2) 198 54% 198 47% 198 64% 

Reduction
s from 
other 
factors 

(tonnes-
CO2) 172 46% 224 53% 113 36% 

Table 45: Impact of uncertainty in Coated Products benchmark 
 
Product Unit 0% +10% -10% 

Concrete 
(kWh/unit
) 1.9 2.09 1.71 

Equivalent 
production 
units 

(productio
n units) 

Initial Final Initial Final Initial Final 
11,611,00

7 
10,934,51

5 
10,561,33

3 
9,945,16

7 
12,893,94

3 
12,143,71

8 
Total 
Reduction
s 

(tonnes-
CO2) 370 100% 369 100% 370 100% 

CRO 
based 
reductions 

(tonnes-
CO2) 198 54% 198 54% 198 54% 

Reduction
s from 
other 
factors 

(tonnes-
CO2) 172 46% 171 46% 172 46% 

Table 46: Impact of uncertainty in Concrete Products benchmark 
 
In order to devise a strategy to achieve its 15% carbon reduction target, a spreadsheet 
tool was developed based on the analysis. As shown in chapter 6, section 6.6, the 
company may either chose to implement the top 6 carbon reduction opportunities or 
all 10 proposed opportunities. From other factors, the reductions have been quantified 
in this analysis to be 172 tonnes. Three different scenarios were assumed on the basis 
of this.  
 
Scenario 1: Company implements the top 6 opportunities and the reductions from 
other factors remain constant (i.e. 172 tonnes). 
 
Scenario 2: Company implements the top 6 opportunities and the reductions from 
other factors are doubled (i.e. 172 x 2 = 344 tonnes). 
 
Scenario 3: Company implements the top 10 opportunities and the reductions from 
other factors remain constant (i.e. 172 tonnes). 
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To predict absolute carbon emissions in future years, it was assumed that in each year 
absolute carbon emission will be the total emission without any implementation (i.e. 
total production units in the year x KPI before the project) minus carbon reduction 
opportunities based reductions minus reductions from other factors. For example, if 
the company has the following figures for year X, then its absolute emissions for the 
year should be [{(A x B)/1000} - C -D ] where: 
 

A = Total production units: 15,000,000 units; 
B = KPI before the project: 0.927 kgCO2/unit; 
C = CRO based reductions by this year: 985 tonnes; 

 D = other factors based reductions by this year: 344 tonnes. 
 
Therefore, in the given case, the absolute emissions of the company in year X will be 
12,582 tonnes and KPI for the year will be 0.839 (i.e. a 10% reduction in specific 
energy consumption). Table 47 shows the same calculations performed for various 
stages including before project, after project and given different scenarios for the 
future. 
 

Factor Unit 

Before 
Project 

This 
Project Future 

Actual Actual 
Scenario 

1 
Scenario 

2 
Scenario 

3 

Absolute 
Annual 
CO2 
emissions 

(tonnes-
CO2) 10,768 9,771 12,754 12,582 11,853 

CRO 
based 
reductions 

(tonnes-
CO2) 0 198 985 985 1886 

Reductions 
from other 
factors 

(tonnes-
CO2) 0 172 172 344 172 

Equivalent 
production 
units 

(production 
units) 11,611,007 10934515 15,000,000 15,000,000 15,000,000 

KPI (kgCO2/Unit) 0.927 0.894 0.850 0.839 0.790 

Reduction 
from base ( % ) - 4% 8% 10% 15% 

Table 47: Scenarios to achieve CO2 reduction in future 
 
Based on this analysis, it was concluded that the company must implement all of the 
suggested CRO to achieve its 15% reduction target. The lack of implementation of 
CRO may be overcome by increasing energy awareness, management control, 
improved maintenance procedures and the like. 
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5.12 Chapter Summary 
 
The carbon reduction opportunities were implemented after taking into consideration 
the information from CALoRIC, MACC and ERIC. In order to reduce the risk, 
CALoRIC helped in picking the opportunities to implement in a staged manner and 
undertake monitoring & verification in a progressive manner. The outcome showed 
that even a top energy saving opportunity may not work as expected due to practical 
factors. Plug in timers, which could be applied to space and water heaters, did not 
work initially due to their vulnerability (staff tampered or theft). The replacement 
product was tamper-proof and worked, but then other issues arose such as the need for 
programming, the added time of a qualified electrician, and human factors.  
 
With lighting, after the trial implementation of LED lighting in three test areas, it was 
demonstrated that while the approach can offer savings in electricity consumption, 
there are also negative factors. For example, illuminance levels were not as good as 
that provided by of conventional SON light although still acceptable for a car park. In 
the paint shop, the illuminance levels were not acceptable for the work task while in 
the workshop stores the light levels were acceptable although not as omni-directional 
as a fluorescent tube. It was also found that when purchasing LED lamps, the housing 
and capacitor quality is a critical issue to avoid premature failure. Induction lighting 
was also tested and found to offer good illuminance levels, omni-directional 
performance and long life. 
 
For Solar PV, the reduction in the feed-in-tariff reduced the Company’s motivation to 
install this renewable energy source. It also decreased the confidence in Government 
incentive schemes. 
 
It was difficult to get the Company’s transport managers go scrutinise the monthly 
transport reports due to their busy schedule. Since these reports were being generated 
at monthly frequency, it proved difficult to drill down into energy waste issues. A 
telematics system was therefore tried, which proved to be an effective solution.  
 
In case of the bitumen tanks, the important lesson to emerge is that the capital cost of 
a new system may result in the selection of a refurbished product that offers a lesser 
carbon reduction and return on investment. 
 
Based on the revised figures obtained through the monitoring & verification of 
opportunities, updated MACC, ERIC and CALoRIC curves were constructed as 
shown in figure 30 (CALoRIC), figure 31 (MACC) and figure 32 (ERIC). 
 
It was also identified that, in addition to the energy efficiency and renewable energy 
initiatives, absolute carbon emissions in a company may reduce due to a number of 
factors, such as reduced business activity, an increase in energy awareness or indirect 
impact from other activities such as maintenance etc. Decision makers in an 
organisation require this information to understand the real impact of implemented 
carbon reduction opportunities and to decide their further carbon reduction strategy. 
 
Based on the analysis, it was concluded that the company must implement all of the 
suggested carbon reduction opportunities to achieve its 15% reduction target. The lack 
of implementation of suggested carbon reduction opportunities may be overcome by 
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increasing energy awareness, management control, improved maintenance procedures 
and the like. 
 

 
Figure 30: Revised CALoRIC for Barr 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

128 

 
Figure 31: Revised MACC for Barr 
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Figure 32: Revised ERIC for Barr 
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6 CONCLUSIONS & FUTURE WORK 
 
A number of drivers such as rising energy prices, maintaining competiveness and 
stakeholders requirements are now pushing businesses to reduce their energy usage 
and carbon emissions. Initiatives introduced by the UK government such as CRC 
Energy Efficiency Scheme have increased this pressure. This research addressed the 
gap between available and required information on the impacts of CRC and possible 
ways to mitigate them. A company with a diverse range of operations, but mainly 
Aggregates and Construction, was chosen as a means to investigate CRC impacts and 
mitigation approaches. This chapter summarises the research findings and possible 
future work. 
 

6.1 Impacts of CRC on the Company 
 
Some researchers have examined how CRC has affected participants in general or 
those in particular sectors such as Health, Water, Commercial Property etc. They 
identified the problems initially faced by Energy/Facility Managers to assess their 
qualification for the scheme. For organisations that are already part of CCA/ EUETS 
the problem is even more difficult. Any quantification of the financial impacts 
associated with the scheme could not be found in the available research. For the 
mitigation of impacts of CRC, tools have been suggested such as the Marginal 
Abatement Cost Curve (MACC) and the Emission Reduction Investment Curve 
(ERIC). Little information was available on how the approaches compare and how 
effectively they are when applied. 
 
In this research, the impacts of CRC were analysed for a company operating in 
Aggregates and Construction sectors. It was observed that CRC has significantly 
impacted the company. Due to the nature of the company’s activities, energy 
information was available in different formats and held within IT systems distributed 
across business divisions. The complexity of the information, required by CRC for 
qualification assessment and to meet liabilities, has introduced new challenges in 
sourcing, recording and analysing data. Identification and implementations of new 
systems & procedures were found to be essential for the CRC participant to meet its 
regulatory requirements. The following key steps were taken to ensure that the 
company was able to meet the requirements: 

- design and implementation of CRC spreadsheet tool; 
- set up of a CRC team and focus group; 
- set up and maintenance of a CRC Evidence Pack; 
- design and implementation of internal audits; 
- improved data sourcing. 

 
CRC has introduced significant financial burden on its participants. A major share of 
the CRC costs arises from the purchase of carbon allowances, 88% of the total CRC 
cost in this case. A significant number of person-hours are also being consumed to 
meet the requirements of CRC, 9.3% of the total CRC cost in this case. The overall 
financial impact of CRC on the company was in the range of £253,064 to £292,652, 
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i.e.   a 5.06% to 5.85% addition to the company’s energy cost due to CRC. Huge fines 
are imposed in cases of non-compliance. Due to the significance of the person-hour 
costs, it was identified that a new CRC Information System would significantly 
reduce the financial impact. 
 

6.2 Identification of opportunities – Use of MACC a nd 
ERIC tools 

 
Based on company energy usage information, an energy baseline was established. 
This information highlighted the need to focus on the quarries, which are responsible 
for more than half the company’s energy costs and carbon emissions. Diesel for 
transport, which is out of scope of CRC, was found to be the biggest energy cost to 
the company. 
 
After an initial analysis, a mix of renewable energy and energy efficiency 
opportunities were identified as candidates for deployment. Some of these 
opportunities, such as IT server room improvement, coating plant burner replacement 
and bitumen tanks replacement, were already being considered by the company. 
Additional opportunities were identified, such as a transport reporting system, new 
aggregate storage sheds and drying room improvements, through analysis of existing 
data and discussion within the CRC focus group. Analysis of metered data and day-
time and night-time surveys were also carried out at the company’s main premises to 
identify energy saving opportunities such as plug-in timers, energy efficient lighting, 
solar PV and local wind turbine deployment. 
 
A business case was developed for each of the identified carbon reduction 
opportunities, and a number of uncertainties were quantified, such as cost variation 
over time and changes in energy/financial savings due to factors such as weather, 
market situation, energy prices, available incentives, human behaviour etc. Unverified 
and green-washed information also added uncertainty. To assess and implement the 
opportunities, MACC and ERIC curves were plotted and shared within the company’s 
CRC focus group. 
 
MACC was found to be counter-intuitive due to positive carbon reduction 
opportunities falling in the negative axis of the plotted curve, and it also does not 
consider the internal rate of return of the opportunities, which is considered a more 
reliable measure for the CEO and CFO. The counter-intuitiveness is an unavoidable 
aspect of this tool; otherwise it would not be able to let the user compare the 
abatement cost against a carbon allowance price.  
 
In addition to such previously identified issues, more issues emerged during this 
research. The existing MACC model does not take into account the impact of inflation 
on the costs and benefits of a scheme over its life time, which reduces the robustness 
of the data obtained. Due to the uncertainties identified during the development of 
business cases for the opportunities, it was highlighted that a careful approach is 
needed when using this tool. 
 
The other tool, ERIC, emphasises the IRR of projects but does not give an indication 
of the carbon abatement cost, such as in £ per tonne of CO2e, against the carbon 
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allowance price. Due to the large range of IRR from 6% to 1849% for the actions 
considered in this research, a logarithmic scale was necessary on the y-axis, which 
makes it difficult to compare opportunities. Both MACC and ERIC are dependant on 
a project’s life time value in calculating the outcome, which itself is another 
uncertainty. As with MACC, it was identified that a careful approach is needed while 
using this tool.  
 
In terms of comparison of opportunities, it was identified that both tools mostly 
provide similar ranking of the available opportunities. However, this may change with 
time for some opportunities. Decision makers must decide whether they wish to 
proceed on the basis of value for stakeholders or abatement cost. In ERIC, all 
opportunities are viable, either less or more, whereas MACC can help to choose those 
opportunities that are viable for a CRC participant or, conversely, which opportunities 
should be implemented to achieve a certain emissions reduction target. There are also 
other organisation specific factors which influence the decision, such as availability of 
capital, and the level of risk that can be taken for innovative technologies. In addition 
to the uncertainties associated with carbon reduction opportunities, there are certain 
risks associated with innovative technologies, such as being scammed or green-
washed. Therefore, it was identified that an improved approach is needed for 
implementing the identified opportunities to reduce the risk. 
 
To address the issues identified in using MACC and ERIC, a blended approach was 
identified during the research. A simple tool, named CALoRIC (Carbon Abatement 
Low Risk Abatement Curve), was developed to show organisation specific results in 
identifying the most suitable carbon reduction opportunities. This tool provided 
information for both CEO/CFO and investing stakeholders in terms of IRR, and the 
information for CRC returns in terms of £ per tonne of CO2e. The plot includes 
flexible vertical and horizontal lines, allowing the user to choose their desired carbon 
abatement cost (MCAC) or minimum IRR (MIRR), or both. In addition, it also allows 
the highlighting of low risk opportunities and must-do projects. In this manner it helps 
the company to choose the low risk and must do opportunities out of these MCAC 
and MIRR bands. A company may also highlight opportunities that are out of its 
available capital budget and ignore these opportunities even if these are within the 
chosen bands of MCAC and MIRR. 
 
It was demonstrated in practice that CALoRIC is a better decision support tool than 
MACC and ERIC alone or together. The flexibility in CALoRIC to adjust the required 
IRR and carbon abatement cost was found to be useful. Though like ERIC, it had a 
logarithmic scale, but since the required IRR (or MIRR) is adjusted by the user, there 
is less chance of ignoring the fact that it is a logarithmic scale. The main purpose of 
these tools is to reduce the risks and uncertainties when making decisions, and it was 
found that highlighting opportunities with possible ‘partial implementation’ was a 
very good idea to pick opportunities with less risk/uncertainty. The ‘must do’ 
opportunities were highlighted, which also saved time. This tool can be even more 
helpful when there are a large number of available opportunities.  
 
Use of the CALoRIC tool is the recommended outcome of this research. However, 
MACC and ERIC may also be provided to the decision makers for further reference, 
or to look at the cumulative impact of implementing multiple projects. 
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6.3 Lessons Learnt from the Implementation of 
Opportunities 

 
In order to reduce the risk, it was decided to implement the opportunities partially 
where possible. After implementation, monitoring & verification was carried out and 
some interesting findings are presented below. 
 

Plug-in timers 
 
Plug-in timers, which were assumed suitable to save energy consumed by electric 
space and water heaters, could not work due to their vulnerability to be easily 
tampered or removed. The other product, innovative PSX switches were tamper-proof 
and provided energy savings, but then other issues emerged such as the need for a 
programming PC, a qualified electrician, a hidden USB port, as well as 
reprogramming costs and human behaviour issues. It showed that even a top energy 
saving opportunity may not work as expected due to simple operational factors. 
 

Energy Efficient Lighting 
 
After the trial implementation of LED lighting in three test areas, it was realised that 
LED lighting can offer savings in electricity consumption, but there are other issues 
with the technology. In the parking area, the luminosity of the lamps was not observed 
to be as good as a conventional Sodium lamp, although still acceptable for a car park. 
In the paint shop, the painter complained that the luminosity level was less than 
acceptable for the work task, which was later confirmed by a lux level check. In the 
workshop stores, the light level was found to be acceptable though it was not as omni-
directional as a fluorescent tube. It was also identified that, while purchasing LED 
lights, the housing and capacitor quality must be assured since there is a danger of 
their failure much before the end of their stated life. 
 
Another energy efficient lighting solution, induction lighting, was also tested. The 
lamps were claimed to offer improved lux levels, omni-directional cover and longer 
life. The initial tests confirmed a better performance of induction lights over LED 
lighting. A comparison has been shown in section 5.2, table 35. 
 

Energy efficiency versus renewable energy 
 
The project provided an insight into the comparison between energy efficiency and 
renewable energy systems’ opportunities. It was identified that even low cost and 
quick solutions can produce effective results. For a CRC participant, renewable 
energy systems will become more viable if the energy and carbon prices increase 
further, or if the incentives are increased, or if the cost of the technology is reduced. 
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Despite the results from MACC / ERIC or CALoRIC, it was observed that due to 
government’s actions within incentive schemes, such as repeatedly changing CRC 
and Feed-in-tariffs, there is an environment of uncertainty and businesses are finding 
it difficult to place confidence in such schemes. It becomes even more difficult if 
there is a high capital involvement. 
 

Transport energy savings 
 
In transport energy systems, after the initial trials, it was found difficult to get the 
transport managers go through the monthly transport reports due to their busy 
schedule. Since the reports were being generated with a monthly frequency, the 
transport managers found it difficult to drill down into energy wastage issues. An 
entity-based telematics system was tried and then implemented, which has proved 
successful.  
 

Bitumen tanks 
 
In the case of bitumen tanks, the proposal was not implemented due to its weak 
position in CALoRIC based on high capital involved, and refurbished tanks were 
purchased to meet the immediate demand. The important point to note here is that the 
capital cost of the system may push the organisation to go for refurbished products 
that offer a lesser carbon impact and return on investment. 
 

6.4 Monitoring & Verification 
 
The outcomes of this research indicate the importance of monitoring & verification 
procedures after the implementation of opportunities. The challenge however is that it 
may not always be possible to exactly measure a deployment in every case. However, 
with careful planning, a pre- or post-installation monitoring & verification scheme can 
be designed.  
 

Improved approach for carbon reduction 
 
A traditional approach in the implementation of energy saving and carbon reduction 
opportunities is the use of a ‘Plan-Do-Check-Act’ model. This is a basic model and 
requires further expansion to identify the best practise approach for carbon abatement 
opportunities. The following approach was used to implement the carbon reduction 
opportunities at Barr. 
 

- Establishment of energy/carbon baseline. 
- Identification of carbon reduction opportunities. 
- Use of decision support tools to analyse the opportunities. 
- Implementation of opportunities based on organisation specific criteria. 
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However, during the project it was identified that there were further steps required 
before and during the implementation, that were critical to the successful outcome 
from these opportunities. The importance of partial implementation and monitoring & 
verification (M&V) were realised. It was identified that there is a need for an 
enhanced approach rather than a simple Plan-Do-Check-Act model to ensure that 
carbon reduction opportunities result in real emissions reduction. It was identified that 
without a better approach there is a danger of being green-washed by using some of 
the new/innovative technologies. 
 
In addition to the dangers associated with new and innovative technologies, there are 
also issues with existing technologies, as their financial impacts change with time due 
to changes in the incentivising schemes and other uncertainties, and their emissions 
impacts may also change as more knowledge becomes available. The approach 
practised during this research has proven efficient since it saved the company from 
fully implementing the opportunities that would not work, helped the company track 
its real carbon reductions against targets, provided decision making models to identify 
the most viable opportunities, and helped to assess the impact of implementing 
opportunities in terms of CRC and long term carbon reduction targets. Figure 33 
represents a model of this approach, according to which an opportunity can perform 
as expected (‘OK’ in the model), better than expected (‘Over-perform’ in the model), 
slightly poorer than expected (‘Under-perform’ in the model), or unacceptably poorer 
than expected (‘Disaster’ in the model). Red arrows are followed when an opportunity 
does not perform as expected.  
 

6.5 Real reduction in emissions 
 
It was also identified that, in addition to the energy efficiency and renewable energy 
initiatives, absolute carbon emissions in a company may reduce due to a number of 
factors, such as reduced business activity, an increase in energy awareness or indirect 
impact from other activities such as maintenance etc. Decision makers in an 
organisation require this information to understand the real impact of implemented 
carbon reduction opportunities and to decide their further carbon reduction strategy. 
 
Due to the monitoring & verification of implemented carbon reduction opportunities, 
it was already quantified how much carbon emissions had reduced due to them over a 
period of time. However, there were other initiatives such as energy awareness 
through Focus group communication, energy newsletters, energy toolbox talks etc, 
which resulted in an increase in energy awareness. During this project, the market 
conditions were also recessed which provided further reductions in carbon emissions.  
 
The Energy Benchmarking / Key Performance Indicators were initially introduced in 
company’s most energy intensive Industrial division to raise awareness. However, to 
quantify the carbon emission reductions due to these other factors, the emissions were 
normalised using existing benchmarks / key performance indicators. 
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Figure 33: Improved approach for carbon reduction opportunities 
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Following conclusions were made on the basis of this analysis. 
 

- 370 tonnes of CO2 was reduced at the division during the research project. 
- 198 tonnes of this reduction came from the implemented carbon reduction 

projects, which was monitoring & verified. This was 54% (i.e. 198 out of 370) 
of the effective reductions. 

- 172 tonnes of this reduction came through an increase in energy awareness or 
indirect impact from other activities such as maintenance etc. This was 46% of 
the effective reductions. 

- Specific energy consumption reduced by 4% (i.e. from 0.927 kgCO2/unit to 
0.894 kgCO2/unit). 

 
It was also concluded that the company must implement all of the suggested carbon 
reduction opportunities to achieve its 15% reduction target. The lack of 
implementation of CRO may be overcome by increasing energy awareness, 
management control, improved maintenance procedures and the like. 
 

6.6 Next steps for the CRC participant 
 
The next steps will include further dissemination of previously implemented 
opportunities that proved their ability to reduce carbon emissions, and the 
implementation of opportunities which were previously postponed for miscellaneous 
reason. Business cases for the suggested projects were re-assessed on the basis of 
latest available information. Table 48 shows these proposed projects. CALoRIC 
(Figure 36), MACC (Figure 37) and ERIC (Figure 38) for the next steps have also 
been developed on the basis of learning outcomes from this research. As suggested 
earlier, the position of renewable energy systems has improved due to reducing 
technology price and new incentives.  
 
The top six opportunities in table 48 will cost £231,600 (i.e.18.06% of the total cost), 
but will reduce carbon emissions by 985 tonnes (i.e. 52.23%). Although the IT server 
room project does not occupy an impressive position in both MACC (9th rank) and 
ERIC (6th rank), the project was implemented due to its required impact on the server 
room. The top six opportunities will also save £11,820 annually in CRC costs at £12 
per tonne of CO2 (i.e. 12 x 985). In total, the top six opportunities will save the 
company £192,144 per annum (i.e. CRC saving + annual benefit – annual cost). 
Implementing all of the opportunities will cost the company more than 5 times the 
cost of implementing the top six but will save only £22,632 annually in CRC costs at 
£12 per tonne of CO2 (i.e. 12 x 1886). In total, implementing all 10 opportunities will 
save the company £401,089 per annum (i.e. CRC saving + annual benefit – annual 
cost). 
 
As concluded in section 6.5, the company must implement all of the suggested carbon 
reduction opportunities to achieve its 15% emissions reduction target. However, due 
to significant costs of the last 4 opportunities, the company should consider other 
options such as increasing energy awareness, management control, improved 
maintenance procedures and the like. 
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Opportunity Capital 
Cost 
(£) 

Annual 
Benefit 
(£) 

Annual 
Cost 
(£) 

Project 
life time 
(years) 

Annual carbon 
reduction 
(tonne-CO2) 

Tamper proof PSX 
controls (50 units) 

8,875 29,025 375 3 157 

Transport Energy 
Management 

6,000 22,160 6,750 5 42 

Drying room 
improvements (15 
units) 

1,725 20,736 450 3 111 

Burner 
replacement (5 
units) 

150,000 75,000 2,500 10 417 

Aggregate sheds 
(2 units) 

50,000 39,540 0 25 220 

IT Server room 15,000 4,138 200 10 38 
Energy Efficient 
Lighting (3 times 
implementation) 

45,099 7,965 1,500 25 45 

Vertical bitumen 
tanks (10 units) 

500,000 120,000 2,000 10 740 

100 kW Solar PV 137,500 20,692 100 20 42 
100 kW wind 
turbine 

368,201 57,573 4,497 20 74 

Totals 1,282,400 396,829 18,372  1,886 
Table 48: Next steps: Proposed carbon reduction projects 

 
Table 49 shows a comparison of various opportunities that achieved a different rank 
suggested by MACC and ERIC over the duration of this research. The rank of the 
opportunities varied mainly after the monitoring & verification, in addition to the 
factors such as reducing technology price and changes in available incentives.  
 

Comparison of position of opportunities 

Opportunities 
Pre-Implementation After M&V Future Plan 
MACC ERIC MACC ERIC MACC ERIC 

Transport management 1 3 1 3 1 3 
Drying room 
modification 4 2 2 1 3 1 
Heater controls 2 1 3 2 4 2 
Coating plant burner 3 5 4 5 6 5 
Aggregate sheds 6 4 5 4 7 4 
IT server room 8 6 6 6 9 6 
Energy efficient lighting 9 10 7 8 10 10 
Bitumen tanks 7 7 8 7 8 7 
Solar PV 5 9 9 10 5 8 
Wind turbine 10 8 10 9 2 9 

Table 49: Comparison of position of opportunities from MACC and ERIC 
 

Table 50 shows the changing positions of opportunities in MACC only, and table 51 
shows the same for ERIC only. 
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Opportunities MACC Position Pre Implementation Afte r M&V Future Plan 
Transport management 1 1 1 
Heater controls 2 3 4 
Coating plant burner 3 4 6 
Drying room modification 4 2 3 
Solar PV 5 9 5 
Aggregate sheds 6 5 7 
Bitumen tanks 7 8 8 
IT server room 8 6 9 
Energy efficient lighting 9 7 10 
Wind turbine 10 10 2 

Table 50: Comparison of position of opportunities from MACC 
 

 

Opportunities ERIC Position Pre Implementation Afte r M&V Future Plan 
Heater controls 1 2 2 
Drying room modification 2 1 1 
Transport management 3 3 3 
Aggregate sheds 4 4 4 
Coating plant burner 5 5 5 
IT server room 6 6 6 
Bitumen tanks 7 7 7 
Wind turbine 8 9 9 
Solar PV 9 10 8 
Energy efficient lighting 10 8 10 

Table 51: Comparison of position of opportunities from ERIC 
 
However, the CALoRIC curve remained fairly consistent for the opportunities within 
the selected MIRR and MCAC. The top three opportunities remained the top three 
throughout, and nature of partially implementable and must-do projects remained 
same any way. Based on its policy and stakeholders’ needs, the company can adjust 
either the MIRR or MCAC, or both, until sufficient carbon reduction opportunities 
have been chosen to achieve the organisational targets. 
 

6.7 Extrapolation to other CRC Participants 
 
This research has focussed in one company (Barr) to identify and quantify the impacts 
of CRC and the mitigation opportunities. As identified in the research, aggregate 
sector companies are experiencing adverse impact due to the CRC scheme, but the 
scheme also brings opportunities to not only reduce carbon emissions but also the 
costs associated with energy use. 
 
At this point, it was considered appropriate to speculate on how the observed impacts 
may be translated to other organisations. Clearly this task is easier for organisations 
similar to Barr (i.e. with major energy use related to aggregates) than to organisations 
operating in other sectors. 
 
A step-by-step approach was used to extrapolate the results of this project to other 
CRC participants. A brief description of each step follows. 
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Step 1: From the only available CRC Performance League table for the year 2010-11, 
30 companies were randomly selected from 10 different sectors (i.e. 3 companies 
from each sector). Table 52 shows the selected companies and their CRC emissions.  
 

Organisation Name Sector 
Emissions (Tonnes 
of CO 2) 

MIDLAND QUARRY PRODUCTS LIMITED Aggregates 38,006 
LAFARGE BUILDING MATERIALS LIMITED Aggregates 88,052 
ANGLO AMERICAN PLC Aggregates 40,337 
Bank of England Banking 18,906 
ROYAL BANK OF SCOTLAND PLC-THE Banking 350,145 
Santander UK Plc Banking 111,856 
SKANSKA CONSTRUCTION HOLDINGS UK 
LIMITED Construction 15,793 
CARILLION PLC Construction 51,831 
BAM GROUP (UK) LIMITED Construction 41,808 
Preston City Council Councils 6,328 
Salford City Council Councils 33,453 
Manchester City Council Councils 78,220 
NEWS INTERNATIONAL LIMITED Media 58,283 
BRITISH SKY BROADCASTING GROUP PLC Media 77,219 
British Broadcasting Corporation Media 152,661 
SIEMENS HOLDINGS PLC Manufacturing 92,267 
DYSON JAMES GROUP LIMITED Manufacturing 3,577 
TOYOTA(G.B.) PLC Manufacturing 5,040 
The Queen Elizabeth Hospital NHS 7,334 
Bradford Teaching Hospitals NHS Foundation Trust NHS 13,543 
Imperial College Healthcare NHS Trust NHS 45,451 
J SAINSBURY PLC Supermarkets 961,782 
TESCO PLC Supermarkets 1,562,532 
BROADSTREET GREAT WILSON EUROPE 
LIMITED Supermarkets 794,029 
MARKS AND SPENCER GROUP P.L.C. Retail 410,369 
NEXT PLC Retail 151,480 
DEBENHAMS PLC Retail 163,254 
SCOTTISH POWER UK PLC Utility 58,882 
SEVERN TRENT PLC Utility 487,889 
CENTRICA PLC Utility 25,371 

Table 52: CRC Participants and their emissions 
 
Step 2: From the list of carbon reduction opportunities identified at Barr, possible 
opportunities were assigned to each sector. For example: 

- all carbon reduction opportunities that have been identified at Barr can be 
implemented in all other aggregate sector companies;  

- for Councils, the carbon emissions some opportunities as implemented at Barr, 
such as energy efficient lighting, PSX tamperproof switches, renewable 
energy systems (Wind and Solar PV), drying room dehumidification and 
transport energy reporting system were deemed relevant.  
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Table 53 shows the carbon reduction opportunities from the Barr study that may be 
implemented in other sectors. The following assumptions were made while 
extrapolating the results from this research to other organisations. 

- These opportunities have not already been implemented. 
- The opportunities have the potential to reduce emissions in other organisations 

by the same percentage as realised at Barr 
 

Sector Implementable opportunities from Barr 
Aggregates All 

Banking 
Energy efficient lighting, Tamperproof controls, IT 
cooling load reductions 

Construction 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, Drying room 
improvements 

Councils 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, Drying room 
improvements, Transport reporting system 

Media 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, IT cooling load 
reductions, Transport reporting system 

Manufacturing 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, Drying room 
improvements, Transport reporting system 

NHS 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, IT cooling load 
reductions 

Supermarkets 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, Transport reporting 
system 

Retail 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, Transport reporting 
system 

Utility 

Energy efficient lighting, Tamperproof controls, 
Renewable energy systems, IT cooling load 
reductions, Drying room improvements 

Table 53: Opportunities from Barr to other sectors 
 
Step 3: For each sector, the following three values were calculated as shown in figure 
34. 

- The percentage of CO2 emissions that can be reduced by implementing the 
suggested opportunities. To obtain this value, the estimated CO2 reductions 
from the suggested opportunities were divided by the total CRC related carbon 
footprint of Barr (see column F in figure 34). 

- The CO2 reduction cost per tonne of CO2 reduced. To obtain this value, the 
capital costs to reduce these emissions were normalised to the amount of 
emissions they reduce (see column G in figure 34). 

- Annual financial benefit per tonne of CO2 reduced. To obtain this value, the 
estimated financial benefits when reducing these emissions were normalised to 
the amount of emissions that can be reduced (see column H in figure 34). 

 
For example, in aggregate sector companies, where all opportunities can be 
implemented, these were estimated to reduce their CRC related carbon footprint 
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by the same percentage (i.e. 13.19%) as determined for Barr. In Councils, it was 
assumed that the suggested opportunities can reduce 3.29% of their CRC related 
carbon footprint, as would result at Barr from these opportunities. 

 
Figure 34: CO2 reductions for CRC Participants 

 
Step 4: The percentage reductions in each sector were then applied to the CRC related 
carbon emissions of each selected CRC participant to quantify the reducible emissions 
(see column D in figure 35). 
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Figure 35: Reducible emissions and financial benefit 
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Step 5: The CO2 reduction cost per tonne of CO2 reduced, identified in step 3, was 
applied to the reducible emissions identified in Step 4 to calculate the total CO2 
reduction cost to the company for implementing suggested opportunities (see column 
F in figure 35). 
 
Step 6: The annual financial benefit per tonne of CO2 reduced, identified in step 3, 
was applied to the reducible emissions identified in Step 4 to calculate the total annual 
financial benefit to the company for implementing suggested opportunities (see 
column H in figure 35). 
 
Step 7: Total financial benefit to each selected CRC participant, after implementing 
the opportunities, was calculated by adding the costs and benefits for the year (see 
column I in figure 35). The figure in this column does not include the capital 
expenditure, but the annual benefit can indicate the return on invested money.  
 

Carbon abatement opportunities for other participan ts 
 
As observed in this analysis, some or all of the carbon reduction opportunities 
identified at Barr can be applied to organisations operating in other sectors. In the 
aggregates sector two major companies, Lafarge and Anglo American (Tarmac), can 
reduce almost 17,000 tonnes of CO2 by implementing the same opportunities. In 
sectors other than aggregates, significant reductions can be achieved mainly in large 
emitters. The CO2 reductions indicated in the analysis range from 1.68% in the 
Banking sector to 3.29% in Councils.  
 
Though the calculations were based on a number of assumptions, implementing the 
opportunities are highly likely to result in significant savings. 
 

Financial impacts of CRC on other participants 
 
An effective way to compare the financial implications with and without 
implementation of suggested carbon reduction opportunities is to compare columns B 
and I in the figure 35. Column B shows the CRC allowance costs when no action is 
taken to reduce emissions, whereas column I shows the costs related to CRC 
emissions when suggested opportunities have been implemented.  
 
Due to the maximum opportunities available for Aggregate sector companies, they 
can expect maximum benefit from these opportunities. The companies can actually 
save more money than they will normally lose in paying the CRC allowance costs. 
There are also significant benefits for other large emitters, such as retail and 
supermarkets, as the annual benefit to them by implementing suggested opportunities 
range from £1.3 million to £13.6 million.  
 
The current analysis for CRC participants other than Barr does not include other CRC 
related costs to them, such as costs in data collection & collation, person-hours, early 
action metric, expert support, etc. However, these costs would vary by organisation as 
each organisation has different systems, procedures and available resources.  
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

145 

Use of approach for other participants 
 
The approach identified in this project can be used by other CRC participants to 
identify the impacts of CRC on their business, to investigate potential carbon 
reduction opportunities, and to establish the systems & procedures required for 
compliance in the scheme. Even companies not participating in CRC can benefit from 
the tools identified in this research and used for the analysis of opportunities to inform 
decision making. 
 

6.8 Future work 
 
Though every effort was made to carry out the research as one project, the work still 
had limitations, such as: 
 
- Private sector participant: The research was carried out in a private company, so the 
research does not provide an insight into how the scheme may affect a public sector 
participant. A public sector participant may use the same approaches as used in this 
project, although the systems and procedures may be different.  
 
- EU ETS / CCA emissions: The research was carried out in a company that does not 
participate in EU ETS, and is also not a part of any Climate Change Agreement. The 
systems & procedures required for other companies may be different. However, the 
MACC can be more helpful for EU-ETS participants, as the market drives the carbon 
allowances price in the scheme. 
 
- Though every effort was made to use the latest available data and information where 
possible, it was not possible to keep up to date with the latest information about all of 
the systems and opportunities in a project with such a large scope. 
 
The following future work is proposed. 
 

- Development of CRCIS 
It is proposed to develop the information system whose characteristics have been 
identified in this research in chapter 3, section 3.2. 
 
- Use of MACC / ERIC / CALoRIC for greater carbon reduction targets 
It is proposed to use the method identified in the project to analyse the impacts & 
mitigation opportunities of CRC on more organisation, such as  

� a public sector organisation; 
� organisations with different levels of emissions; 
� organisations with emissions partially covered by EU-ETS / CCA; 
� organisations that hold some other equivalent of Carbon Trust 

Standard. 
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Figure 36: CALoRIC for future steps 
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Figure 37: MACC for future steps 
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Figure 38: ERIC for future steps 
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9 APPENDICES 

APPENDIX 1: Interview 1 – Organisation & Impacts of  CRC 
 
Interview 1: Company’s energy use and its participation in CRC 
 
Date: 15-Feb-2010 
Job Title: Engineering Manager 
 
 
 
Part 1: Organisational structure and operations 
 
Q. Is this company a public / private sector participant in CRC? 
 
Answer - We are a private sector organisation participating in CRC. 
 
Q. What are company’s main operations? 
 
Answer - The Company operates in a diverse range of business sectors such as 
aggregates, construction, landfill sites, waste recycling, steel fabrication, and 
agricultural precast. However, the major businesses of the company are construction, 
aggregates and landfill. 
 
Q. Does the company operate at more than one site / buildings? 
 
Answer - Yes 
 
Q. How many sites does the company operate at? Are these all permanent 
locations? 
 
Answer - At the moment, the company has 17 permanent operational sites, which 
include 3 head offices in different parts of Scotland, i.e. Cumnock, Paisley and 
Livingston. There are also 17 temporary construction sites, and 9 permanent but non-
operational sites for other divisions (such as offices not in use and temporary 
accommodations for employees). 
 
Q. What are the geographical boundaries of company’s business? 
 
Answer - We operate mainly within South West of Scotland, with our Construction 
division operating all across UK. 
 
Q. Please explain the organisational structure of your company. 
 
Answer - Barr Holdings is owned by Trench Holdings. There are four main divisions 
of Barr Holdings, which are Industrial, Construction, Environmental and 
Manufacturing. 
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Barr Industrial:  Industrial division is mainly operating in Aggregates sector, which 
includes quarrying, asphalt production, readymix concrete production and road 
surfacing & civil engineering works. 
 
Barr Construction:  Construction division has a big portfolio of complete 
construction management for projects such as hospitals, schools, retail stores, stadia, 
wind-farms, leisure centres, residential and industrial buildings, etc. 
 
Barr Environmental:  Environmental division includes landfill, waste recycling / 
transfers and skip for hire. 
 
Barr Manufacturing: Manufacturing division includes Precast concrete production 
and Steel fabrication businesses. 
 
The Chairman of Barr Holdings has appointed two Managing Directors, BW and BC. 
BW is the Managing Director for Barr Industrial, Barr Environmental and Barr 
Manufacturing, whereas BC is the Managing Director for Barr Construction. 
 
 
Part 2: Company’s participation in CRC 
 
Q. Does the company know its Half Hourly electricity supply during the first 
CRC qualification year (i.e. 2008)? 
 
Answer - Yes 
 
Q. How much Half Hourly electricity was the company supplied with during the 
first CRC qualification year (i.e. 2008)? 
 
Answer - 7,765 MWh 
 
Q. How was the half hourly and non half hourly supply differentiated to 
calculate the qualification period half hourly supply? 
 
Answer - Based on information from our electricity suppliers 
 
Q. Is there a record of information received from electricity suppliers? 
 
Answer - Yes  
(Note: This information record was requested, but was not available during the course of this research 
project) 
 
Q. Have you already registered in the CRC Scheme? 
 
Answer - No, but we aim to register before the July 2010 deadline. 
 
Q. Is your organisation participating in CRC as a single entity? 
 
Answer - Yes 
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Q. Does your company hold a Climate Change Agreement? 
 
Answer - No 
 
Q. Is your company participating in EU ETS? 
 
Answer - No 
 
Q. Does your company generate any renewable energy? 
 
Answer - No. Our Landfill sites generate biogas but the operational control of gas use 
/ electricity generation has been sold to another company. 
 
Q. What is your understanding of the CRC scheme? 
 
Answer - We understand that it is a mandatory scheme where companies reducing 
their carbon emissions and taking responsible action, such as achieving Carbon Trust 
Standard and rolling out voluntary AMR meters, will be rewarded from CRC’s money 
recycling pot. 
 
Q. What are the key challenges the company is facing in understanding the CRC 
scheme? 
 
Answer - We need to understand how the scheme will impact us in the longer term. 
We need to understand the financial impacts of the scheme to reduce any possible 
financial risk, and also how the revenue recycling opportunity can be best utilised to 
gain the financial benefit. We need to see the impact of scheme on our existing energy 
costs. We also need to understand what we should be doing to fully comply with the 
scheme and avoid the risk of fines / penalties. 
 
 
Part 3: Company’s early action in CRC 
 
Q. Has the company taken any steps to comply with CRC? 
 
Answer - In a workshop organised by Carbon Trust, we realised the need for Carbon 
Trust Standard certification and roll out of AMR meters as the first steps. I was then 
given the responsibility to achieve these. Due to our efforts, we achieved the Carbon 
Trust Standard certification in 2009. We started rolling out AMR metering as well, 
and aim to complete installation of AMR metering on all of our major electricity 
consumption sites by April 2010.  
 
Q. Has a person been appointed to take the lead in responsibility for company’s 
participation in CRC? 
 
Answer - I have been taken the lead in terms of Carbon Trust Standard certification 
and AMR metering so far. We hope to gain valuable information from this research 
project, and it will help us decide how we allocate our resources to participate in 
CRC. 
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Q. Has the company nominated its Senior Officer, Primary Contact, Secondary 
Contact and Account Representative/s in CRC? 
 
Answer - No 
 
Q. Has the company been accredited with Carbon Trust Standard certificate or 
equivalent covering all of its emissions? 
 
Answer - Yes, we hold Carbon Trust Standard since last year (i.e. 2009). 
 
Q. Has the company rolled out AMR metering across all of its electricity and gas 
consumption sites? 
 
Answer - For our electricity use, some of our sites are already fitted with half hourly 
meters. We are rolling out AMR metering on our remaining major sites. But it is not 
possible for us to install AMR meters on our temporary sites (i.e. construction 
projects). Due to the cost of installing and maintaining the meters, we also don’t aim 
to install AMR meters on our sites with little energy use, less than 2,000 ~ 3,000 kWh 
a year.  
For our gas use, we do not aim to install AMR metering due to negligible use. 
 
Part 4: Sources of energy 
 
Q. Which fuels / energy sources are currently used by the company? 
 
Answer - The answer has been recorded in table AA. 
 
Q. Could you please identify the main uses of each of these fuels / energy 
sources? 
 
Answer - The answer has been recorded in table AA. 
 
Energy Source Uses 
Electricity Lighting, Space heating, Motors / Drives 

in the Quarries, IT equipment 
Natural Gas Negligible use in office stoves 
Gas Oil Mobile plant and machinery on 

construction sites and quarries, standby / 
temporary electricity generators on 
construction sites, Heating in asphalt / 
coated aggregates production plants 

Kerosene Space heating, Heating in asphalt / coated 
aggregates production plants 

Light Fuel Oil / Burning Oil Heating in asphalt / coated aggregates 
production plants 

Derv (Diesel) Company’s road-going vehicles (cars, 
vans, lorries, road going tippers & 
mixers), external haulier’s vehicles 

Petrol Negligible use in cars 
Table AA 
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Part 5: Energy Information Management  
 
Q. Do you record your total energy use? If yes, then how? 
 
Answer – Yes. We have modified the spreadsheet tool from Carbon Trust Standard to 
develop our carbon footprint tool. We record the information obtained from all 
information sources into this spreadsheet to provide us with our overall energy use 
and carbon footprint. 
 
Q. How do you record your Electricity use? 
 
Answer - We have an agreement with Dataserve, who are our appointed meter 
operators. The information of all AMR meters as well as half hourly meters on 
company’s permanent sites can be read online or downloaded from the Dataserve 
website. For the remaining sites, the data is recorded from their monthly / quarterly 
bills. At our construction division, the kWh usage from all sites is recorded into a 
spreadsheet. From these sources, we copy the information in our carbon footprint tool. 
 
Q. What information do you currently record for your Electricity use? 
 
Answer - We record the ‘kWh’ use on each of our sites, and we also record from the 
bill if a supply is half hourly / non half hourly 
 
Q. How do you record Natural Gas use? 
 
Answer - The information is recorded from the monthly / quarterly site bills. At our 
construction division, the kWh usage from all sites is recorded into a spreadsheet. 
From these sources, we copy the information in our carbon footprint tool. 
 
Q. What information do you currently record for your Natural Gas use? 
 
Answer - We record the ‘kWh’ use on each of our sites. 
 
Q. How do you record Gas oil use? 
 
Answer - For Industrial, Manufacturing & Environmental divisions, the orders for 
Gas oil are recorded in a fuel management software called ‘Fueltek’. This information 
is then exported as a spreadsheet to copy into our carbon footprint tool. At 
construction division, the fuel deliveries are recorded in a financial management 
software called ‘Coins’. Again, from ‘Coins’ software, the information is exported as 
a spreadsheet to copy it into our carbon footprint tool. 
 
Q. What information do you currently record for your Gas oil use? 
 
Answer - In our footprint tool, we copy the information of the litres ordered / 
delivered on each of our site on a monthly basis. For construction division, due to 
large number of sites with negligible supplies, we record the total gas oil ‘litres’ 
ordered / supplied for the division on a monthly basis. 
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Q. How do you record Kerosene use? 
 
Answer - From the invoices, the orders of Kerosene are recorded into a spreadsheet, 
from where it is copied into the footprint tool. 
 
Q. What information do you currently record for your Kerosene use? 
 
Answer - We record the ‘litres’ of Kerosene ordered for each site on a monthly basis. 
 
Q. How do you record light fuel oil / coating plant fuel use? 
 
Answer - From the invoices, the orders of light fuel oil / coating plant fuel are 
recorded into a spreadsheet, from where it is copied into the footprint tool. 
 
 
Q. What information do you currently record for your fuel oil / coating plant 
fuel use? 
 
Answer - We record the ‘litres’ of light fuel oil / coating plant fuel ordered for each 
site on a monthly basis. 
 
Q. How do you record Derv (Diesel) use? 
 
Answer - The fuel management system ‘Fueltek’ records the derv use by all of the 
company vehicles, as the company uses its own tag and terminal system purchased 
from ‘Fueltek’. This information is then exported as a spreadsheet to copy into our 
carbon footprint tool.  
 
The derv used by external hauliers is recorded in the form of miles travelled. The 
external hauliers’ miles for company’s quarries are recorded by our internal 
developed sales IT system ‘QR3’, and exported to a spreadsheet. The external 
hauliers’ miles for Manufacturing division are recorded on a spreadsheet. From both 
these spreadsheets, the information is copied into our carbon footprint tool.  
 
For the business travel not covered in ‘Fueltek’ such as air, train and ferry travel, the 
‘miles’ are also recorded as follows: 
 
- ‘miles travelled’ for construction division are recorded in ‘Coins’ software, and then 
exported to a spreadsheet from where it is copied into our footprint tool 
- ‘miles travelled’ for Industrial, Manufacturing & Environmental division are 
recorded in a spreadsheet from where it is copied into our footprint tool 
 
We don’t record business travel in the form of buses and taxes as this is negligible. 
 
Q. What information do you currently record for your Derv (Diesel) use? 
 
Answer - For company’s own vehicles, ‘Fueltek’ records information such as litres 
and miles travelled for each vehicle. However, in  our carbon footprint tool, we only 
copy the ‘litres’ use by division on a monthly basis. 
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For external hauliers, as mentioned, the ‘miles travelled’ are recorded for the external 
hauliers, which are then converted into ‘litres’ of derv in our footprint tool.  
 
For business travel, as mentioned, the ‘miles travelled’ are recorded, which are then 
converted into emissions using the conversion factors from Carbon Trust Standard. 
 
Q. How do you record Petrol use? 
 
Answer - The company provides a card for petrol purchases, and the purchases on 
these cards are recorded online by the card providers. These transaction are 
downloaded into ‘Fueltek’ from where it can be exported into a spreadsheet. The 
information is then copied into our footprint tool. 
 
Q. What information do you currently record for your Petrol use? 
 
Answer - We record ‘litres’ of petrol purchased on a monthly basis 
 
Q. Could you provide / arrange to provide a demonstration of information 
systems currently in use for Energy Management? 
 
Answer - (A demonstration was provided by the company, and the information 
provided in the demonstration has been summarised in table BB). 
 
Information System Information available for carbon footprint tool 
Dataserve  
- online meter reading 

Site Name, Electricity Consumption (kWh) 

Fueltek 
- Fuel management 
information system 

- Diesel use (litres) in company vehicles 
- Petrol use (litres) in company vehicles 
- Site Name, Orders (litres) for Industrial, Manufacturing 
and Environmental Divisions, for 
Gas Oil, Kerosene and LFO / Burning Oil 

QR3 
- Internal sales 
information system 

- External hauliers’ travel for Barr (miles) 

COINS 
- Financial management 
information system 

Turnover information (£), Gas oil use (litres) for 
Construction division, Business travel information (miles) 
for Construction division 

Construction kWh tool  
- spreadsheet 

Site Name, Electricity Consumption (kWh), Gas 
Consumption (kWh) for Construction division sites 

Expenses tool  
- spreadsheet 

Business travel information (miles) for Industrial, 
Environmental and Manufacturing divisions 

Table BB 
 
Q. Is energy use reported to the senior management? If yes, what is the 
frequency of reporting? 
 
Answer - The energy use is reported as and when required. 
 
Q. Are you aware of the CRC source list tool? 
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Answer - No 
 
Q. Do you know the ‘Profile type’ of each of your electricity and gas supply? 
 
Answer - No 
 
Q. Do you understand how CRC defines a core or residual supply? 
 
Answer - No 
 
Q. Do you understand how CRC defines an actual or estimated supply? 
 
Answer - No 
 
 
Part 6: Company’s carbon footprint 
 
Q. Does the company record its annual carbon footprint? 
 
Answer - Yes 
 
Q. Which is the latest complete annual carbon footprint year for the company? 
 
Answer - 2008 
 
Q. What was company’s annual carbon footprint in 2008? 
 
Answer - According to out 2008 carbon footprint, our operations resulted in 28,537 
tonnes of CO2 
 
Q. What is company’s annual carbon footprint breakdown by fuel type? 
 
Answer - (The answer has been summarised in table CC) 
 
2008 
Energy Carbon emissions 
Energy Source Unit Unit CO 2 conversion factor tonne-CO 2 
Gas Oil Litres 4,558,680 2.762 12,591 
Derv Litres 2,783,444 2.639 7,346 
Kerosene / LFO Litres 1,048,206 2.532 2,654 
Electricity kWh 10,640,139 0.541 5,756 
Gas   kWh 533,769 0.1836 98 
Petrol Litres 14,421 2.3035 33 
Other       59 
  Total Emissions 28,537 

Table CC 
 
 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

161 

Q. What is company’s annual carbon footprint breakdown by site / divisions? 
 
Answer - At the moment, we are able to record footprint breakdown per division only 
and not for each site or each product type. The footprint breakdown for the divisions 
is as follows: 
 
Quarries: 50% 
Construction: 17% 
Environmental: 17% 
Precast & Steel: 10% 
Surfacing & Civil Engineering: 6% 
 
Q. Does the company currently monitor individual carbon footprint or energy 
use of products? 
 
Answer - Only in the quarries, a monthly stock reconciliation report is produced each 
month by the Accounts team, which shows fuel use and production tonnages. 
 
Q. Does the company normalise its carbon emissions with its turnover? 
 
Answer - Yes, as required in the Carbon Trust Standard tool 
 
Q. What is the latest value of company’s carbon emissions normalised to the 
turnover? 
 
Answer - 100.87 kg of CO2 per turnover (in £ million) 
 
Q. Does the company maintain an evidence pack for CRC? 
 
Answer - No 
 
Q. For every site, could you provide me a bill / invoice for all the fuels / energy 
sources on that site in the following months? (Months randomly chosen). 
 
Answer - In response to this request, 61 out of 105 requested bills were provided in a 
month’s time. 
 
Q. Where are all the energy related invoices / bills kept? Could you show me the 
location? 
 
Answer - The bills are kept in files by the Accounts management teams. Any bills 
older than 2 years are archived. 
 
Q. Does the company conduct internal audits for CRC? Also, is there a CRC 
audit procedure available? 
 
Answer - No, we have not started any such audits, and there is no such procedure 
available. 
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APPENDIX 2: Interview 2 – Carbon Reduction 
 
Interview 2: Carbon reduction at the company 
 
Date: 01-Mar-2010 
Job Title: Engineering Manager 
 
 
Q. Does the company have a carbon / energy use reduction target? 
 
Answer - Yes, we aim to reduce our energy consumption by 15% from the 2008 base 
level, by the year 2020.  
 
Q. Is there a carbon reduction strategy in place for the company? 
 
Answer - We aim to continually reduce our carbon emissions. A carbon reduction 
strategy will be devised on the basis of outcomes from this research project. 
 
Q. What are the key challenges in devising your carbon reduction strategy? 
 
Answer - It is hard to believe the benefits of energy saving opportunities and 
renewable energy systems as claimed by the suppliers of these services and 
technologies. We need to understand realistic impacts of various opportunities that are 
available in today’s world, so that we could base our strategy on the real evidence. 
 
Q. Could you tell us about the energy saving / carbon reduction opportunities 
that are available to the company, or that have been implemented by the 
company? 
 
Answer - There are a number of opportunities that we have considered, such as  
- Power Factor Correction 
- Aggregate Storage Sheds 
- IT Server Room 
- Vertical Bitumen Tanks 
- Coating Plant Burner Replacement 
- Roofs Insulation at Killoch 
- Wind Turbine at Tormitchell, Killoch and Clayshant 
- Solar PV at Killoch 
  
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Power Factor Correction’? 
 
Answer - We have installed power factor correction units on all of our major energy 
consuming sites, except Barlockhart Quarry, Moorfield Concrete Plant and temporary 
sites. 
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Aggregate Storage Sheds’? 
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Answer - We have built sheds at our Killoch depot and Barlockhart Quarry to reduce 
the moisture in dust and sand.  
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘IT Server Room’? 
 
Answer - A modification plan has been proposed by our Information Systems 
Manager to improve the energy performance of our IT server room.  
(A document was shown with below details, written by SD, Information Systems 
Manager, Barr Limited, 2009) 
 
The server AC units system is comprised of two independent 12 kVA heating / cooling 
inverted systems with a combined capacity of 23 kVA.  These systems are linked using 
a shared duty automatic switching system which allows system to swap between the 
two independent systems sharing the cooling requirements and load. However, it was 
observed that these AC units are now running in excess of 60% of their duty, 
generally cooling, in order to maintain the required temperature. Due to increased 
load on servers, the current system now requires that both the 11.5 kVA units are now 
operating at all times.   
 
A system has been proposed with these features: 
 
- Partial passive cooling of the server 
- Heat recovery from the server room 
 
It has been proposed to bring cold fresh air directly below the server from the 
adjoining corridor. The fresh air supply must be filtered to remove the possible 
incoming coal dust. Hot air will be removed from the top end of the servers’ cabinets 
at the same time. The recovered heat will be directed to an IT store to reduce 
humidity and avoid damage to the IT equipment. The proposed system would provide 
ducted hoods set on the top of the existing cabinets, with individual balanced 
dampers, to ensure that all cabinets have equal volumes of air removed.  Likewise the 
replacement air would be forced through a double filter system which would have the 
ability to have additional cooling connected at a later stage, should it be required. It 
has been estimated that the existing cooling systems would run on average 25% of 
their duty, resulting in a 58% reduction their load. 
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Vertical Bitumen Tanks’? 
 
Answer - We aim to replace some of our bitumen tanks with the latest vertical 
bitumen tanks. Traditionally horizontal cylindrical tanks were used for storing 
bitumen. However, vertical tanks are now becoming more popular. This is because in 
vertical tanks, there is less surface area available, which results in reduced oxidation. 
Vertical tanks provide a higher capacity to hold the bitumen safely. We intend to 
replace 3 tanks at first. 
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Coating Plant Burner Replacement’? 
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Answer - Burner replacement can significantly reduce energy consumption in a 
coating plant. We intend to replace one of our plants’ burner soon as it is has already 
passed a significant period after its projected life time. This plant is expected to 
produce an average of 20,000 tonnes of coated / asphalt products every year. The cost 
of replacement has been quoted as £20,000. 
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Roofs insulation at Killoch’? 
 
Answer - We have insulated the roofs of our main office and testing lab at Killoch 
depot. 
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Wind Turbine at Killoch, Tormitchell and Clayshant’? 
 
Answer - Our sites at Killoch, Tormitchell and Clayshant are very windy, and seem to 
have a good potential for wind turbines. There is actually a whole wind-farm next to 
Tormitchell due to the area being very windy. 
 
Q. What steps has the company taken, or intends to take to reduce energy use / 
carbon emissions from ‘Solar PV at Killoch’? 
 
Answer - The old stores building at Killoch is not in any use. The building has a large 
roof, with a flat surface. Also, the southern side of the roof is obstruction free. These 
qualities may help in installing Solar panels on this roof, subject to confirmation of 
their viability in all aspects. 
 
Q. Could you provide following details. Where available, of the project 
considered by the company to reduce its energy use / carbon emissions? 

- Name of the project 
- Capital cost 
- Annual operating / running cost 
- Annual saving 
- Annual average CO2 (i.e. CO2e) savings 
- Project life 

 
Answer - Response to the above question has been summarised in table EE. 
 
Project 
Name 

Capital 
Cost (£) 

Op / 
Running 
Cost (£ / 
annum) 

Savings (£ / 
annum) 

CO2 
Reduction 
(tonne-CO2) 

Project Life 
(Years) 

IT Server 
Room 

£15,000 £200 £4,80 43.7 10 

Bitumen 
Tanks 

£161,387 £600 £36,133 222 15 

Burner 
Replacement 

£30,000 £500 £15,000 83.45 10 

Table EE 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

165 

APPENDIX 3: Interview 3 – Financial views of compan y’s energy 
and CRC 
 
Interview 3: Financial view of company’s energy and CRC 
 
Date: 15-Mar-2010 
Job Title: Finance Manager 
 
 
Part 1: Energy Costs 
 
Q. Does the company record its total energy costs?  
 
Answer - Yes 
 
Q. What is the best source to obtain company’s total energy costs? 
 
Answer - The annual energy costs figures can be obtained from the Group Financial 
Accountant. 
 
Q. What is your latest available annual energy cost figure? 
 
Answer - Our total energy costs in 2009 were £4,549,631. 
 
Q. What is your latest available energy cost breakdown? 
 
Answer - Our energy costs breakdown in 2009 was as follows: 
 
Gas, Electricity & Water: £1,226,627 
Fuel / Oil:    £3,323,004 
 
Q. Does the company get reimbursed for any of its energy supplies? 
 
Answer - Yes, we are in a PFI (Private Finance Initiative) project, where we get 
reimbursed for the utility costs as per agreement. 
 
 
Part 2: Turnover Information 
 
Q. What is the best source to obtain company’s turnover information? 
 
Answer - Company’s turnover information can be obtained from the Group Financial 
Accountant. 
 
 
Part 3: Financial impact of CRC 
 
Q. Could you provide the annual salary figures for the following? (Salary figures 
for all CRC team members were requested) 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

166 

Answer - No, we are not allowed to share this, as this is confidential information 
 
Q. Could you give us a rough idea of salaries’ range for the following? (Salary 
range for all CRC team members were requested) 
 
Answer - Yes, we can agree with a lower and upper band of salaries to give an idea. 
(The information has been summarised in table DD). 
 
Designation Annual Salary 
 Lower Band Higher Band 
Chairman or Director of 
the company 

£100,000 £180,000 

Accountant £40,000 £80,000 
Divisional Managing 
Director 

£80,000 £150,000 

CRC Manager £30,000 £50,000 
Administrative Assistant £20,000 £30,000 
Table DD 
 
 
Q. Could you provide with the annual cost of Carbon Trust Standard that the 
company is currently paying? 
 
Answer - We have paid £12,000 for the assisted certification, where £8,000 is the fee 
for the standard, and £4,000 for the assistance provided to us by a third party 
consultant. This standard is valid for 2 years, and then we would be required to renew 
it again. We assume that we shall not need assisted certification again, which would 
mean a cost of £8,000 for two years (i.e. £4,000 per year). 
 
Q. What is the cost of AMR and Half-Hourly metering that the company is 
currently paying? 
 
Answer - We currently pay £146 for each AMR meter, which includes the meter 
operation, communication, lease & maintenance charges, and we currently pay for 11 
such meters (invoice shown to the interviewer) in total on 8 of our sites. In addition to 
that, we also pay £254.80 for the metering and communication of data for our 9 half-
hourly meters on 9 of our permanent sites (invoice shown to the interviewer).  
 
 
Part 4: CRC financial impact mitigation 
 
Q. How does the company intend to mitigate any additional costs introduced by 
CRC? 
 
Answer - Due to already challenging markets and tough competition, we are unable to 
transfer the extra costs of CRC towards our customers. Therefore, the only way we 
see for reducing costs is by reducing our carbon emissions.  
 
Q. Would it help to allocate the costs of CRC to the sites / operations where the 
CRC emissions are coming from? 
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Answer - Yes, definitely. It will make it simpler and effective.  
 
Q. What frequency of CRC cost information would be helpful? 
 
Answer - If a monthly CRC cost could be accrued for each site, it will make it much 
easier to purchase allowances in the end of CRC year. It will also help in increasing 
CRC cost awareness among site managers. 
 
Q. Does the company have an agreed discount rate to assume when assessing the 
financial viability of purchasing new systems and services? 
 
Answer - We normally assume a discount rate of 6% while assessing the financial 
viability of new systems. 
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APPENDIX 4: CRC Fines 
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APPENDIX 5: Plug-in-timers Business Case 
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APPENDIX 6: LED Lighting Business Case and Technica l Specs 
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APPENDIX 7: Solar PV – PVSyst Simulation 
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APPENDIX 8: Wind Turbines Business Case 
 
 

 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

182 

 
 
 
 



IMPACTS & MITIGATION OF LATEST CLIMATE CHANGE LEGIS LATION ON PARTICIPANT ORGANISATIONS 

183 

APPENDIX 9: IT Server Room Business Case 
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APPENDIX 10: Bitumen Tanks Tool 
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APPENDIX 11: Bitumen Tanks Business Case 
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APPENDIX 12: Transport Energy Management System Spe cs 
 
TRANSPORT FUEL CONSUMPTION REPORTING SYSTEM 
This mini project aims to develop a reporting system to report the transport fuel key 
performance indicators on a monthly basis. The data will be sourced from the existing 
software. Brief details of each software have been presented in table A. 
 
Software Purpose 
FuelTek Records diesel usage, cost and total miles for all 

company owned vehicles. 
QR3 Records sales, delivery miles and delivery costs for 

company owned and external haulage vehicles in 
Barr Quarries. 

LS3 Can be used to record intake quantity of waste for 
Barr Environmental, and also the delivery miles and 
delivery costs for waste transferring vehicles. 

CO5 Records sales, delivery miles and delivery costs for 
company owned and external haulage vehicles in 
Solway Steel and Solway Precast. 

COINS Financial management, costs and earnings. 
Table A 
 
The required data from the software will be routed to a data warehouse, from where it 
will be routed to the management report in the required format. A sample of proposed 
management reports is available in the appendix. The report consists of division 
based, quarries’ site based and vehicle based KPI. 
 
To make things more understandable, the input parameters in the reporting system are 
represented as ‘x’ and the output parameters are represented as ‘y’. The data required 
from each of the software is given in table B. 
 
Software Data required 
FuelTek Vehicle 

reg (x1) 
Vehicle 
type (x2) 

Division 
(x3) 

Total 
miles (x4) 

Litres (x5) Fuel cost 
(x6) 

Date 
(x7) 

 

QR3 Vehicle 
reg (x1) 

Vehicle 
allocation 
(x8) 

Delivery 
miles (x9) 

Delivery 
tonnage 
(x10) 

Date (x7)    

LS3 Vehicle 
reg (x1) 

Delivery 
miles 
(x11) 

Delivery 
tonnage 
(x12) 

Date (x7) - - -  

CO5 Vehicle 
reg (x1) 

Delivery 
miles 
(x13) 

Delivery 
tonnage 
(x14) 

Date (x7)     

COINS Vehicle 
reg (x1) 

Other 
costs 
(x15) 

Income 
(x16) 

Date (x7)     

CO2e conversion factor = x17 = 2.6304 

Table B 
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FuelTek Report
Vehicle reg, vehicle 
type, division, total 
miles, litres, fuel 
costs, date
QR3
Vehicle reg, vehicle 
allocation, delivery 
miles, delivery 
tonnage, date
LS3
Vehicle reg, delivery 
miles, delivery 
tonnage, date
CO5
Vehicle reg, delivery 
miles, delivery 
tonnage, date
Financial software
Vehicle reg, other 
costs, income, date

miles, litres, mpg, 
kgCO2, kgCO2/mile, 
kgCO2/ton, utilisation 
factor, contribution/mile, 
contribution/ton

 
Figure. A 

 
 
 
For each output parameter, various input parameters are required to sort and calculate. 
Figure B should be referred to understand it better. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure B 
 
 
Table C shows the relationship between input and output variables. The variables x1 
(vehicle reg), x2 (vehicle type), x3 (division), x7 (date) and x8 (vehicle allocation) are 
identifiers. Remaining are the variables to be used in calculation of outputs to the 
report i.e. y1 to y18 (e.g. y3 = f {x1,x2,x3,x6,x7}. x1, x2 and x6 are used to identify 
vehicle, division and date respectively, where x6 and x7 are used to calculate the 
value of y3). 
 

FuelTek 
(x1,x2,x3,x4,x5,x6,
x7) 

QR3 
(x1,x7,x8,x9,x10) 

LS3 
(x1,x7,x11,x12) 

CO5 
(x1,x7,x13,x14) 

Data Warehouse 
 

Management report 
 
y1=f(x1,x2,x3,x6) 
y2=f(x1,x2,x3,x4,x6) 
 --------------------- 
 
 
 
 
 
------------------ 
 
y18=f(x1,x3,x5,x6,x7,x8,x9) 

Financial software 
(x1,x7,x15,x16) 
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y1 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y2 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y3 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y4 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y5 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y6 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y7 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y8 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y9 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y10 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y11 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y12 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y13 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y14 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y15 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y16 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y17 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y18 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y19 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y20 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y21 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y22 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y23 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y24 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y25 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y26 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y27 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17
y28 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17  
Table C (this table must be used as a guide only, actual input and output parameters 
may be different). 
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Management report format 
 

Division based report 
Cars Feb miles PM miles YTD miles Feb mpg PM mpg YTD mpg Feb 

kgCO2 
PM kgCO2 YTD 

kgCO2 
Feb 
kgCO2/mile 

PM 
kgCO2/mile 

YTD 
gCO2/mile 

Quarries             
S & CE             
Construction             
Environmental             
Precast             
Steel             
Others             
Vans Feb miles PM miles YTD miles Feb mpg PM mpg YTD mpg Feb 

kgCO2 
PM kgCO2 YTD 

kgCO2 
Feb 
kgCO2/mile 

PM 
kgCO2/mile 

YTD 
gCO2/mile 

Quarries             
S & CE             
Construction             
Environmental             
Precast             
Steel             
Others             
Internal haulage Feb miles PM miles YTD miles Feb mpg PM mpg YTD mpg Feb 

utilizatio
n factor 

PM 
utilization 
factor 

YTD 
utilization 
factor 

Feb kgCO2 PM kgCO2 YTD kgCO2 

Quarries             
Precast             
Steel             
Environmental             
 Feb 

kgCO2/mile 
PM 
kgCO2/m
ile 

YTD 
kgCO2/mile 

Feb 
kgCO2/ton 

PM 
kgCO2/ton 

YTD 
kgCO2/ton 

Feb 
contribut
ion/mile 

PM 
contribution
/mile 

YTD 
contribution
/mile 

Feb 
contribution/
ton 

PM 
contribution/t
on 

YTD 
contribution/to
n 

Quarries             
Precast             
Steel             
Environmental             

 
Quarries site 
based haulage 

Feb miles PM miles YTD miles Feb mpg PM mpg YTD mpg Feb 
utilizatio
n factor 

PM 
utilization 
factor 

YTD 
utilization 
factor 

Feb kgCO2 PM kgCO2 YTD kgCO2 

Sorn             
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Barlockhart             
Tormitchell             
Tongland             
Xx             
Xx             
Xxx             
Others             
 Feb 

kgCO2/mile 
PM 
kgCO2/m
ile 

YTD 
kgCO2/mile 

Feb 
kgCO2/ton 
delivered 

PM 
kgCO2/ton 
delivered 

YTD 
kgCO2/ton 
delivered 

Feb 
contribut
ion/mile 

PM 
contribution
/mile 

YTD 
contribution
/mile 

Feb 
contribution/
ton 

PM 
contribution/t
on 

YTD 
contribution/to
n 

Sorn             
Barlockhart             
Tormitchell             
Tongland             
Xx             
Xx             
Xxx             
Others             

                  
Individual 
vehicle based 
Cars & Vans 

Feb miles PM miles YTD miles Feb litres PM litres YTD litres Feb mpg PM mpg YTD mpg    

AA08AXT             
AA08XHP             
AF08ETN             
AM08FMF             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
Individual 
vehicle based 
Tippers & 
Mixers 

Feb miles PM miles YTD miles Feb litres PM litres YTD litres Feb mpg PM mpg YTD mpg Feb 
utilization 
factor 

PM 
utilization 
factor 

YTD 
utilization 
factor 

AA08AXT             
AA08XHP             
AF08ETN             
AM08FMF             
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XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
 Feb 

kgCO2/mile 
PM 
kgCO2/m
ile 

YTD 
kgCO2/mile 

Feb 
kgCO2/ton 
delivered 

PM 
kgCO2/ton 
delivered 

YTD 
kgCO2/ton 
delivered 

Feb 
contribut
ion/mile 

PM 
contribution
/mile 

YTD 
contribution
/mile 

Feb 
contribution/
ton 

PM 
contribution/t
on 

YTD 
contribution/to
n 

AA08AXT             
AA08XHP             
AF08ETN             
AM08FMF             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
Individual 
vehicle based 
Cranes & others 

Feb miles PM miles YTD miles Feb litres PM litres YTD litres Feb mpg PM mpg YTD mpg Feb 
utilization 
factor 

PM 
utilization 
factor 

YTD 
utilization 
factor 

AA08AXT             
AA08XHP             
AF08ETN             
AM08FMF             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
 Feb 

kgCO2/mile 
PM 
kgCO2/m

YTD 
kgCO2/mile 

Feb 
kgCO2/ton 

PM 
kgCO2/ton 

YTD 
kgCO2/ton 

Feb 
contribut

PM 
contribution

YTD 
contribution

Feb 
contribution/

PM 
contribution/t

YTD 
contribution/to
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ile delivered delivered delivered ion/mile /mile /mile ton on n 
AA08AXT             
AA08XHP             
AF08ETN             
AM08FMF             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             
XX123XX             

 
 
PM = Previous month 
YTD = Year to date 
mpg = miles per gallon 
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APPENDIX 13: De'Longhi DEM10 Dehumidifier 
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APPENDIX 14: Dehumidifier Business Case 
 
 

 
 
 

APPENDIX 15: Fines Storage Sheds Business Case 
 
 

 
 
 

APPENDIX 16: Burner Replacement Business Case  
 

 
 
 



IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO N ON UK NON-ENERGY INTENSIVE BUSINESSES  

195 

APPENDIX 17: Powersol PSX Power Switches 
 
Powersol PSX 135 is suitable to be installed on a space heater. It is a fused spur that 
can be fitted permanently replacing the existing spur. It has a USB programming port, 
and these units are supplied with the programming software. It can be programmed as 
a weekly timer, and other features can also be included with it, such as switching on / 
off on thermostat or PIR (Passive InfraRed) sensors, and additional touch control to 
trigger / retrigger connected appliance. Figures AP17-A and AP17-B show the 
programming interfaces for this product, and the figure AP17-C shows the user guide 
for this product. 
 
The other product, Powersol PSX 125, does not have a timer feature. It has a touch 
control, which can be programmed to switch the appliance on for a programmed 
period. Figure AP17-D shows the software interface when a PSX 125 is programmed, 
and the figure AP17-E shows the user guide for this product. 
 
 

 

 
Figure AP17-A: Programming interface for PSX 135 
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Figure AP17-B: Programming interface for PSX 135 

 

Figure AP17-D: Programming interface for PSX 125 
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Figure AP17-C: User Guide for PSX 135 
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Figure AP17-E: User Guide for PSX 125 
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APPENDIX 18: Timer Switches – Revised Business Case  
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APPENDIX 19: Solar PV – Revised Business Case 
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APPENDIX 20: IT Server room savings M&V 
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APPENDIX 21: Refurbished Bitumen Tanks Savings 
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APPENDIX 22: Transport Energy Report 
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APPENDIX 23: Telematics System 
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APPENDIX 24: Transport Fuel Efficiency Report 
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APPENDIX 25: Barr’s CRC Reporting Tool 
 
Organisational Information 
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Site specific information sheet 
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Electricity and Natural Gas information sheet 
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CRC Reporting Summary sheet 
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APPENDIX 26: Internal Audit Form 
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APPENDIX 27-A: CRC Procedure 
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APPENDIX 27-B: CRC Procedure – updated 
 

 
 



IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO N ON UK NON-ENERGY INTENSIVE BUSINESSES  

217 

 
 
 
 
 



IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO N ON UK NON-ENERGY INTENSIVE BUSINESSES  

218 

 
 
 
 
 
 
 



IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO N ON UK NON-ENERGY INTENSIVE BUSINESSES  

219 

APPENDIX 28: CRC Conversion Factors 
 

 
(Source: Environment Agency, 2010) 
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APPENDIX 29: Carbon reduction in IT Office 
 
 
IT Office Improvements 
 
The server AC units system is comprised of two independent 12 kVA heating / 
cooling inverted systems with a combined capacity of 23 kVA.  These systems are 
linked using a shared duty automatic switching system which allows system to swap 
between the two independent systems sharing the cooling requirements and load. 
However, it was observed that these AC units are now running in excess of 60% of 
their duty, generally cooling, in order to maintain the required temperature. Due to 
increased load on servers, the current system now requires that both the 11.5 kVA 
units are now operating at all times.   
 
A system has been proposed with these features: 
 
- Partial passive cooling of the server 
- Heat recovery from the server room 
 
It has been proposed to bring cold fresh air directly below the server from the 
adjoining corridor. The fresh air supply must be filtered to remove the possible 
incoming coal dust. Hot air will be removed from the top end of the servers’ cabinets 
at the same time. The recovered heat will be directed to an IT store to reduce humidity 
and avoid damage to the IT equipment. The proposed system would provide ducted 
hoods set on the top of the existing cabinets, with individual balanced dampers, to 
ensure that all cabinets have equal volumes of air removed.  Likewise the replacement 
air would be forced through a double filter system which would have the ability to 
have additional cooling connected at a later stage, should it be required. It has been 
estimated that the existing cooling systems would run on average 25% of their duty, 
resulting in a 58% reduction their load. 
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APPENDIX 30: Induction lighting business case 
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APPENDIX 31: Burner replacement revised business ca se 
 

 
 
 

APPENDIX 32: Interviews on Decision Support Tool 
 
INTERVIEWS ON USEFULNESS OF DECISION SUPPORT TOOLS 
 
The following questions were raised in the Focus Group meetings, and the responses 
were summarised as answers. 
 
Part 1: MACC as Decision support tool for Carbon Reduction opportunities 
 
1. Do you consider MACC as a simple tool to compare carbon reduction 
opportunities? Please give reasons for your answer. 
- Yes. MACC is a simple model, easy to compare the carbon reduction opportunities. 
Though, as it shows, an opportunity in negative is a good opportunity is a strange 
concept. 
 
2. Do you consider MACC as a reliable tool to decide which carbon reduction 
opportunities should be implemented? Please give reasons for your answer. 
- It is a good tool, but it does not take into account the impacts of inflation on running 
costs and benefits related to a project, which can impact a project. The tool does not 
help in identifying if the project makes a good investment case. 
 
3. Do you believe if use of MACC can be helpful to the company in CRC? 
- Yes, it can be used to discount an opportunity where the carbon abatement cost is 
higher than the CRC allowance price. 
 
4. Do you believe if use of MACC should be continued for the company? 
- Yes. We intend to use MACC not just as a comparison tool, but to identify our key 
objectives (projects) to meet our carbon reduction targets.  
 
Part 2: ERIC as Decision support tool for Carbon Reduction opportunities 
 



IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO N ON UK NON-ENERGY INTENSIVE BUSINESSES  

225 

1. Do you consider ERIC as a simple tool to compare carbon reduction opportunities? 
Please give reasons for your answer. 
- ERIC is difficult to understand as it uses the logarithmic scale. Apart from that, it is 
a good tool to compare the investment case of various carbon reduction opportunities. 
 
2. Do you consider ERIC as a reliable tool to decide which carbon reduction 
opportunities should be implemented? Please give reasons for your answer. 
- It is a good tool to decide which carbon reduction opportunities should be 
implemented for maximum financial return. There is a danger that opportunities with 
high carbon reduction potential may be neglected as the emphasis is on financial 
return. 
 
3. Do you believe if use of ERIC can be helpful to the company in CRC? 
- No, as it does not give any indication of the carbon abatement costs. But, it can be 
helpful to identify which opportunities should be implemented to save money and 
balance the costs that are paid in CRC tax. 
 
4. Do you believe if use of ERIC should be continued for the company? 
- Yes. For the comparison of financial value of carbon reduction projects. 
 
Part 3: CALoRIC as Decision support tool for Carbon Reduction opportunities 
 
1. Do you consider CALoRIC as a simple tool to compare carbon reduction 
opportunities? Please give reasons for your answer. 
- The flexibility in CALoRIC to adjust the required IRR and carbon abatement cost is 
very useful. Though like ERIC, it is difficult due to the logarithmic scale, but since 
you adjust the required IRR yourself, there is less chance of ignoring the fact that it is 
a logarithmic scale. The main purpose of these tools is to reduce the risks and 
uncertainties when making decisions, and highlighting opportunities with possible 
‘partial implementation’ is a very good idea to pick opportunities with less risk / 
uncertainty. The ‘must do’ opportunities are highlighted which also saves time. This 
tool could be even more helpful when there is very large number of available 
opportunities. 
  
2. Do you consider CALoRIC as a reliable tool to decide which carbon reduction 
opportunities should be implemented? Please give reasons for your answer. 
- Yes. We can quickly pick the ‘must do’ and ‘partially implementable’ opportunities. 
We may even pick an opportunity with a poorer IRR or marginal abatement cost if it 
is ‘partially implementable’. Though it is based on MACC and ERIC, but CALoRIC 
is more reliable as it reduces the risk by identifying partially implementable 
opportunities. 
 
3. Do you believe if use of CALoRIC can be helpful to the company in CRC? 
- Yes, we can adjust the vertical line to see how many opportunities give a better 
marginal abatement cost than CRC allowance price.  
 
4. Do you believe if use of CALoRIC should be continued for the company? 
- Yes, definitely. The chart may be used to highlight even more, such as highlighting 
the opportunities which exceed available capital funds, the opportunities which do not 
run until a certain number of years, etc. 
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APPENDIX 33: Sensitivity analysis 
 

1. Transport Energy Reporting System 

Case 
Development 

cost 
Running 

cost Reduction  
Fuel 
price 

Annual 
usage 

Capital 
cost 

Annual 
benefit/cost  

CO2 
reduction  

1 £25,000 £15,000 2% Standard Standard £25,000 £41,000 105 
2 '+20%'         £30,000 £41,000 105 
3 '-20%'         £20,000 £41,000 105 
4   '+20%'       £25,000 £38,000 105 
5   '-20%'       £25,000 £44,000 105 
6     '+25%'     £25,000 £55,000 132 
7     '-25%'     £25,000 £27,000 79 
8       '+10%'   £25,000 £46,600 105 
9       '-10%'   £25,000 £35,400 105 

10         '+20%' £25,000 £52,200 126 
11         '-20%' £25,000 £29,800 84 

worst 
case '+20%' '+20%' '-25%' '-10%' '-20%' £30,000 £12,240 63 

best 
case '-20%' '-20%' '+25%' '+10%' '+20%' £20,000 £80,400 158 

 
 
 

2. Plug-in Timers 

Cas
e 

capital 
cost 

Day-
hours 
saved 

Electricit
y Price 

winter 
weeks 

Capita
l cost 

Annual 
benefit/cos

t 
CO2 

reduction 
1 £250 6.5 Standard 25 £250 £4,910 27 
2 '+10%'       £275 £4,910 27 
3 '-10%'       £225 £4,910 27 
4   '+1 hour'     £250 £5,210 28 
5   '-1 hour'     £250 £4,610 25 
6     '+10%'   £250 £5,405 27 
7     '-10%'   £250 £4,415 27 
8       '+20%' £250 £5,900 32 
9       '-20%' £250 £3,920 21 

wors
t 

case '+10%' '-1 hour' '-10%' '-20%' £275 £3,308 20 

best 
case '-10%' '+1 hour' '+10%' '+20%' £225 £6,890 34 

 
 

3. Coating Plant Burner Replacement 

Case 
capital 
cost 

Fuel 
price Production  

Exp. 
lit/ton 

Capital 
cost 

Annual 
benefit/cost  

CO2 
reduction  

1 £30,000 Standard 20,000 Standard £30,000 £22,000 83 
2 '+20%'       £36,000 £22,000 83 
3 '-20%'       £24,000 £22,000 83 
4   '+10%'     £30,000 £24,400 83 
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5   '-10%'     £30,000 £19,900 83 
6     '+50%'   £30,000 £33,250 125 
7     '-50%'   £30,000 £10,750 42 
8       '+10%' £30,000 £6,250 25 
9       '-10%' £30,000 £37,750 142 

worst 
case '+20%' '-10%' '-50%' '+10%' £36,000 £2,560 13 

best 
case '-20%' '+10%' '+50%' '-10%' £24,000 £62,995 213 

 
 

4. Drying Room Improvements 

Case 
capital 
cost 

Electricity 
Price 

Saving 
Measurement 

error 
Capital 

cost 
Annual 

benefit/cost  
CO2 

reduction  
1 £575 Standard   £575 £6,762 37 
2 '+20%'     £690 £6,762 37 
3 '-20%'     £460 £6,762 37 
4   '+10%'   £575 £7,453 37 
5   '-10%'   £575 £6,071 37 
6     '+10%' £575 £7,453 41 
7     '-10%' £575 £6,071 34 

worst 
case '+20%' '-10%' '-10%' £690 £5,449 34 

best 
case '-20%' '+10%' '+10%' £460 £8,213 41 

 
 

5. Solar PV 

Cas
e Yield 

capital 
cost 

Electricit
y Price 

Incentiv
e 

capital 
cost 

Annual 
benefit/cos

t 

CO2 
reductio

n 

1 
Standar

d 
£135,00

0 Standard Standard 
£135,00

0 £16,210 21 

2 '+10%'       
£135,00

0 £17,883 23 

3 '-10%'       
£135,00

0 £14,536 19 

4   '+20%'     
£162,00

0 £16,210 21 

5   '-20%'     
£108,00

0 £16,210 21 

6     '+10%'   
£135,00

0 £16,599 21 

7     '-10%'   
£135,00

0 £15,820 21 

8       '+20%' 
£135,00

0 £18,780 21 

9       '-20%' 
£135,00

0 £13,639 21 
wors

t 
case '-10%' '+20%' '-10%' '-20%' 

£162,00
0 £11,873 19 

best 
case '+10%' '-20%' '+10%' '+20%' 

£108,00
0 £21,139 23 
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6. Storage Sheds 

Case 
capital 
cost 

Fuel 
price Production  

Exp. 
lit/ton 

Capital 
cost 

Annual 
benefit/cost  

CO2 
reduction  

1 £25,000 Standard Standard Standard £25,000 £19,770 110 
2 '+20%'       £30,000 £19,770 110 
3 '-20%'       £20,000 £19,770 110 
4   '+10%'     £25,000 £21,748 110 
5   '-10%'     £25,000 £17,793 110 
6     '+50%'   £25,000 £29,656 165 
7     '-50%'   £25,000 £9,885 55 
8       '+10%' £25,000 £11,460 64 
9       '-10%' £25,000 £28,081 156 

worst 
case '+20%' '-10%' '-50%' '+10%' £30,000 £5,157 32 

best 
case '-20%' '+10%' '+50%' '-10%' £20,000 £46,334 234 

 
 

7. Vertical Bitumen Tanks 

Case weather 
capital 
cost 

Electricity 
Price 

Heat 
Loss 

Capital 
cost 

Annual 
benefit/cost  

CO2 
reduction  

1 Standard £161,387 Standard 6.6 £161,387 £35,533 222 
2 -2DegC       £161,387 £36,047 225 
3 +2DegC       £161,387 £35,020 219 
4   '+20%'     £193,664 £35,533 222 
5   '-20%'     £129,110 £35,533 222 
6     '+10%'   £161,387 £39,148 222 
7     '-10%'   £161,387 £31,919 222 
8       '+20%' £161,387 £34,879 218 
9       '-20%' £161,387 £36,216 226 

worst 
case +2DegC '+20%' '-10%' '+20%' £193,664 £30,862 215 

best 
case -2DegC '-20%' '+10%' '-20%' £129,110 £40,473 230 

 
 

8. IT Server Room Improvements 

Case 
capital 
cost 

Est 
cooling 

load 
Electricity 

Price 
Capital 

cost 
Annual 

benefit/cost  
CO2 

reduction  
1 £15,000 25.00% Standard £15,000 £4,627 44 
2 '+20%'     £18,000 £4,627 44 
3 '-20%'     £12,000 £4,627 44 
4   '+10%'   £15,000 £3,448 33 
5   '-10%'   £15,000 £6,207 54 
6     '+10%' £15,000 £5,310 44 
7     '-10%' £15,000 £4,345 44 

worst 
case '+20%' '+10%' '-10%' £18,000 £3,103 33 
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best 
case '-20%' '-10%' '+10%' £12,000 £6,828 54 

 
 

9. LED Lighting 

Case 
capital 
cost 

Electricity 
Price 

Existing 
lighting 

load 
Capital 

cost 
Annual 

benefit/cost  
CO2 

reduction  
1 £22,010 Standard Standard £22,010 £2,890 20 
2 '+10%'     £24,211 £2,890 20 
3 '-10%'     £19,809 £2,890 20 
4   '+10%'   £22,010 £3,164 20 
5   '-10%'   £22,010 £2,616 20 
6     '+10%' £22,010 £3,253 23 
7     '-10%' £22,010 £2,527 18 

worst 
case '+10%' '-10%' '-10%' £24,211 £2,288 18 

best 
case '-10%' '+10%' '+10%' £19,809 £3,561 23 

 
 

10. Wind Turbine 

Case 
capital 
cost 

Wind 
speed 

Electricity 
Price 

Turbine 
uptime Incentive  Export  

Capital 
cost 

Annual 
benefit/cost  

CO2 
red. 

1 £320,000 6.1 Standard     0% £320,000 £28,113 57 
2 '+20%'           £384,000 £28,113 57 
3 '-20%'           £256,000 £28,113 57 
4   '+15%'         £320,000 £46,163 86 
5   '-15%'         £320,000 £14,675 35 
6     '+10%'       £320,000 £28,959 57 
7     '-10%'       £320,000 £27,267 57 
8       '+5%'     £320,000 £30,075 60 
9       '-5%'     £320,000 £26,151 54 

10         '+20%'   £320,000 £33,505 57 
11         '-20%'   £320,000 £22,721 57 
12           50% £320,000 £25,470 57 
13           25% £320,000 £26,791 57 

worst 
case '+20%' '-15%' '-10%' '-5%' '-20%' 50% £384,000 £7,072 33 

best 
case '-20%' '+15%' '+10%' '+5%' '+20%' 0% £256,000 £60,518 91 
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APPENDIX 34: Energy Newsletter 
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APPENDIX 35: Toolbox Talk 
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APPENDIX 36: KPI / Benchmarking sheet 
 

 
 


