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ABSTRACT

In order to reduce the energy consumption from danmgpn-energy-intensive
businesses in UK, government has introduced thedatary CRC Energy Efficiency
Scheme. After several revisions, CRC Energy EfficieScheme is now pushing its
participants to reduce their carbon emissions. Rueomplex design and several
revisions, participant organisations have struggted identify and meet the
requirements of the scheme.

Research has been carried out by a number of obszarto analyse the impacts of
CRC and their mitigation. However, the availablérmation is only at a higher
level, and there is lack of detailed information practical measures that an
organisation should take to comply with the schexme reliably reduce / mitigate its
impact. The need for research was identified td &nd implement the measures, and
develop a best practice approach to reduce thecimpéthe scheme.

This research was conducted at a CRC participaggnisation which operates in a
number of sectors, mainly Aggregates and ConstmicfThe project identified the
emerging challenges to the organisation due to Gi@,their possible solutions. It
was identified that CRC has introduced serious icapibns to the participant

businesses. Participant companies are now requardchprove their systems and
procedures to meet these challenges. In additiahat it is now vital for participant

companies to reduce their energy use and carbossems due to the financial
implications of CRC. However, while implementing ethcarbon reduction

opportunities, organisations have struggled toe@hthe anticipated level of carbon
emission reductions when using new and innovatehrologies due to the under-
performance of products. In addition to the dangassociated with new and
innovative technologies, there are issues with @atpvely longer existing

opportunities, as their financial impacts changéhwime due to changes in the
incentivising schemes.

The project identified the requirements for thetipgrating organisation’s data &
information to ensure compliance with the schemgpdunities were identified to
mitigate the impacts of the scheme through new &rowed systems, procedures,
carbon reduction measures and renewable energgnsystLatest techniques were
used for comparing the carbon reduction opportesiitand for informed decision
making and as a result of the analysis a new @ALoRIC (Carbon Abatement Low
Risk Investment Curve), was developed. Viable opymities were implemented, and
their performance monitored and verified. A besactice approach was then
identified to reduce the risks associated with wrative and existing technologies.

It was also identified that, in addition to the posed and implemented projects,
absolute carbon emissions in a company may reduedéada number of factors, such
as reduced business activity, an increase in eresgyeness or indirect impact from
other activities such as maintenanet;, and Energy Benchmarking was found
necessary to find the actual reductions from varifactors. Decision makers in an
organisation require this information to decideittfigrther carbon reduction strategy.
It was concluded that that the company must impteéntee 10 suggested carbon
reduction opportunities, in addition to increasitg) emission reduction from other
factors, in order to achieve its carbon reductarget.
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1 INTRODUCTION

1.1 Emissions reduction in UK businesses

The Kyoto protocol entered into force in the UKZA005. As a result, the country is
now bound to reduce its greenhouse gas emissiod2.B9o below their 1990 level

by 2008-2012, and 80% below the 1990 level by 2@@tland has set an ambitious
target of reducing GHG emissions by at least 4292030 and by at least 80% by
2050. The UK government has set its policies taeaehits targets through a mix of
energy conservation and energy supply measuresel@007 White Paper on energy
(DTI, 2007), the government proposed its strategydhieve these targets through
specified practical measures.

Energy supply

To increase the share of renewable energy systeitlnwthe electricity grid,
different schemes have been introduced such asvRéie Obligation Certificates
(ROC) in 2002, Feed in Tariffs (FIT) in 2010 anc tRenewable Heat Incentive
(RHI) in 2011.

Energy conservation

To reduce energy consumption within UK businesgesgovernment 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 @énsslarge emitters and energy
intensive businesses have now become liable tosemss trading, carbon levies &
taxation,etc Initiatives such as EU-ETS, UK-ETS, CCA/CCL aresping businesses
to reduce their carbon emissions. However, theam@rgy-intensive businesses in the
UK have remained free from these liabilities uttig introduction of the CRC Energy
Efficiency Scheme.

The UK Government has used both methods of carbaation (e.g. CCL) and

emission trading schemes (e.g. EU-ETS, UK-ETS)thuce carbon emissions from
businesses. Both have advantages and disadvantagest al (2007) concluded that
carbon taxation has a modest impact on emissions aalversely affects GDP,

referring to the example of Norway, where relatvhlgh carbon taxes since 1991
have delivered only a 2% reduction in carbon emorssi However, the highest
polluter pays most in a carbon taxation scheme sEionm trading schemes provide a
sense of carbon abatement costs against the narketof carbon but, as identified
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in the work of Lee et al (2007) and claimed by tpponents of emission trading
schemes, such schemes can actually provide adicermollute.

These previously implemented carbon taxation angsan trading schemes have
mainly targeted the energy-intensive emittershen2007 White Paper on energy, the
CRC Energy Efficiency Scheme was first proposedtaimet large non-energy-
intensive businesses and public sector organisationthe scheme, an organisation
that has consumed more than 6,000 MWh of elegtrauting the CRC Qualification
Period (which was year 2008 for the first phas€BIC), and has at least one half-
hourly meter settled in the half-hourly electricibarket, was required to register as a
full participant. On the other hand an organisaf@nforming below this the 6,000
MWh threshold was required to make an energy in&ion disclosure. CRC, which
iIs a mandatory scheme, now has just under 3,00thdasses and public sector
organisations in the UK as full participants. Thesganisations are responsible for
over 10% of UK emissions, which is around 55 M# OQOIt is estimated that the
scheme will reduce carbon emissions by 1.2 millmmes per year by 2020.

1.2 CRC - The scheme and its rules

The CRC Energy Efficiency Scheme, commonly know€RE, was introduced as a
revenue recycling scheme. The scheme requiredcipamits to purchase carbon
allowances on the basis of their carbon emisswith,the money generated from the
sale of allowances going into a money recycling pat annual performance league
table was to be published according to particimrganisations’ energy performance.
This performance was based on an organisation’sictiesh in absolute carbon
emissions, revenue-related carbon emissions amyl a&drons to monitor and control
its energy and carbon emissions. Best performetkdrieague table were to receive
more money than the amount they had paid into theewy recycling pot, while poor
performers were to receive less money in return.

In the October 2010 spending review, major charigeSRC were announced, and
the revenue recycling part was removed from theemeh While participant
organisations have to purchase carbon allowancepr@sosed before, now the
amount spent on the purchase of allowances isawytled back. In this way, CRC
has become a carbon tax. The performance leagleevials still part of the scheme,
but only as a reputational driver. The requirenmfentinformation disclosure’ from
the organisations below the 6,000 MWh thresholdaiss been removed.

A Dbrief description of each of the main CRC rulegiiven below. This information is
the prerequisite of an understanding of the impauftsCRC on a participant
organisation (as discussed in chapter 2) and tkatifccation of the systems &
procedures required by a CRC participant company.

Quialification criteria

CRC is a mandatory scheme to target the non-erietggsive businesses in the UK,
which are not already covered by EU ETS, or whielwehless than 25% of their
emissions covered by CCA. If any such organisatas consumed more than 6,000

18



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

MWh of electricity through their half-hourly metag in calendar year 2008, it must
register as a participant.

According to the rules set for CRC (Environment Agyg 2008), the public sector
will participate on their individual listings, ohe listing of their organisation type in
FOI Acts, and if they meet the qualification crigethrough their electricity supply.
But, for government departments, CRC participatsomandatory.

Organisational structure

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

CRC phases and Timeline

A participant must understand the phases and tmmetif CRC to prepare for
compliance. There are three phases of the schameeR. lasts for four years, and the
remaining two phases last for six years each. Befeach phase there is a
‘qualification year’ in which participants assesseather they qualify for that phase of
the scheme. The qualification year for the firsahgwas calendar year 2008. Except
the qualification year in 2008, a CRC year runsfrApril to March, as can be seen in
figure 1. The year after the qualification yeaithe busiest for participants, as they
have to register with the online CRC registry, aubmit a Footprint and Annual
Report by the last working day of July. From theos&l year in each phase to the last
year in the phase, participants need to submit Ahfeports and surrender the
allowances on the basis of their carbon emissiafter the October 2010 spending
review, this requirement of purchasing and surrendeallowances was lifted only
for the first reporting year of phase 1.

Responsibility

According to CRC rules, the participant company inmasninate the following at the
time of registration.

- CRC Senior Officer
The Senior Officer must be a person in the pawmigcigcompany with top level
management responsibility, who would be requiredendew and sign the
internal audits of the company. In CRC, the Ser@dficer is also held
responsible in case of non-compliance.

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

- CRC Secondary Contact
The Secondary Contact is a second point of coataitte 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 regigtn, but before the first
sale of CRC allowances), the participant companystmmominate a CRC
Account Representative (at least one, maximum }hredno will take
responsibility for purchasing and surrenderingwa#ioces.

[i]

on the last working day in July

and September 30th

[] Surrender of allowances required

[
B Registration between April 1st

phase 3

Annual Report due
on the last working

day in July

Footprint Report due
oh the last working

day in July

k=]
c
©
=
o
=5
@«
i
]
3
£
c
<

phase 2

2013 -
2014

5]
Qualification Year

phase 1

Figure 1: CRC Timeline (Environment Agency, 2012)

20



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

Performance League Table — Early Action Metric, Abs  olute Carbon
Reduction Metric and Growth Metric

At the beginning of the scheme, a Performance Ledgible (PLT) was introduced to
provide financial and reputational incentives tosh who can demonstrate annual
reduction in their carbon emissions. The PLT wasebaon three metrics — Early
Action Metric, Absolute Carbon Reduction Metric aBdowth Metric. To score well
in the Early Action Metric, a participant must demstrate that they have taken
responsible actions in the early stage of the sehemeduce their carbon footprint by
installing voluntary Automatic Meter Reading (AMRjeters and getting accredited
with the Carbon Trust (or equivalent) Standards€ore well in the Absolute Carbon
Reduction Metric, the participant must demonstsaar-on-year reductions in their
absolute carbon emissions. To score well in thenBrdMetric, the participant must
demonstrate year-on-year reductions in their nasedl emissions (i.e. emissions
normalised to annual turnover). After the removalfinancial incentive (revenue
recycling) from the scheme in the spending revigwOetober 2010, the CRC
performance league table now only provides reputatiincentive.

- Absolute Carbon Reduction Metric
This metric is based on the percentage change mdirticipant’s absolute carbon
emissions in the last 5 years, or the last avalgbhrs of the scheme if less than 5.

- Growth Metric
This metric is based on the percentage changeaftecipant’s carbon emissions per
unit turnover in the last 5 years, or the last laéde years of the scheme if less than 5.

- Early Action Metric

This metric is divided into two equal parts with 58% weighting for getting
accreditation from the Carbon Trust (or equivaleé®dndard and a 50% weighting
based on the percentage of the organisation’sreliégtand gas supplies which are
measured through voluntarily installed AMR metensl @ynamic unmetered supply
(UMS) during a reporting year.

In the first reporting year of Phase 1, the posited a participant in the PRT will
depend solely on the ‘Early Action Metric’ sincestbther metrics have no weighting
in this year as can be seen in figure 2. After Bgsthe ‘Early Action Metric’ will
not affect a participant’s position in the PRT.

| Year1 2011 Year 2 2012 Year 3 2013 Year 4 and all other years
| Early Action Metric 100% 40% 20% 0%
| Absolute Metric 0% 45% B0% 75%

| Growth Metric 0% 15% 20% 25%

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

Carbon Trust Standard

This standard, previously known as the Energy [efficy Accreditation Scheme, is a
guality standard that recognises an organisatigpngesses and achievements in
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energy efficiency. Following the name change, ttendard focuses on carbon
reduction rather than energy efficiency.

In order to achieve the Carbon Trust Standard garosation must measure the
following energy uses.

‘Level 1’ emissions:This includes energy use from direct emission ssaisuch as
gas, oil (liquid fuels including transport fuelsic. and indirect emission sources such
as electricity and heat/steam supplies. The org#dars must record this information
to achieve the standard

‘Level 2’ emissions:This includes energy use from direct emission ssiguch as
process emissions, fugitive emissions and indieatission sources such as business
travel by air, sea, rail, bus, taxi, hired edc This information is optional for the first
certification, but for recertification it must beqgvided except where the energy
expenditure of the company is less than £50,000.

Carbon allowances

According to the initial CRC plan, participants werequired to buy carbon
allowances (one allowance for each tonne og&€mitted) on the basis of their O
emissions forecast for the forthcoming CRC yearweleer, in the 2010 spending
review, it was decided that in the first phasehef $cheme, allowances will be bought
retrospectively as a ‘buy-to-comply’ approach iasteof a ‘forecast-and-buy’
approach. Revenue recycling has been removed,renthbney generated from the
sale of allowances retained by government for pulolances. The first retrospective
sale of allowances for CRC emissions started i 2012 for the 2011-12 emissions,
at a fixed price of £12 per allowance.

There is an unlimited number of allowances avadaol be purchased in the first
phase. A cap on available allowances was initjathposed to be introduced from the
second phase, which would drive the price of tHewance. In the CRC 2012

consultation (DECC, 2012), it has been proposedetmove the cap and sell

allowances at a fixed price. It has also been meg@dhat, from the second phase,
there should be 2 sales in each year, a low paleand a comparatively higher price
sale later. This is intended to incentivise papcits with good energy management
as they can figure out their total emissions quicked buy allowances at a lower
price.

Allowance trading mechanism

Each participant organisation is required to appoat least one Account
Representatives (maximum three), who will be pdadito buy, sell and surrender
allowances on behalf of a participant organisatidme Account Representative, after
being nominated by the primary contact of the oigation (usually MD/CEO), must
obtain a digital certificate, at a certain cosinfr a digital certificate provider
nominated by the Environment Agency.
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Energy supplies in CRC

Based on CRC rules (Environment Agency, 2012), tillecks 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 eitthe occupier or owner of the
property and it is important to identify who is pesisible for the supplies to a site or
building. The Environment Agency has published iedlaguidance on this issue in

2010: http://www.environment-agency.gov.uk/static/docusiBusiness/CRC_-
_supply_rules_clarification.pdf.

In most cases, according to this guidance, they plaat 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 indicatetether the supply is residual or
core. This is actually a 2 digit number which canfbund on the meter and on the
electricity bill. The number circled in figure 3 ®lis the profile type ‘00’, which
means a core non-domestic supply. More non-domesters may have profile types
05, 06, 07 or 08, which are also core supplies.das; a supply can be classified as
core supply if the supply has a meter that measumes daily or hourly basis, or if it
is a large gas point meter (gas supplies throughrtteter during a footprint year
being greater than 73,200 kWh).

Profile types 01, 02, 03 and 04 are residual etgttrsupplies. Gas supplies which do
not meet the above metering criteria are also vesiglas supplies.

P~
S[ 00)] 111 [ 222}
7371234 5678 | 345 |

Distributor ID Check Digit
Unique Identifier

Figure 3: Meter / Supply Information
- Check 3: Identify the type of metering on supplie
Once the profile type has been identified, the tgpenetering must be confirmed to
identify the supply as ‘core’ or ‘residual’. Thiheck is necessary to calculate the

CRC participant’s score in for the Early Action Met There are different types of
meters identified in CRC. The first type is SetttddM (Half Hourly Meters), which
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are used by the electricity suppliers to calculatks; these meters are installed on
core supplies. The second type is Remotely Read MéRers. These are non-settled
HH meters. They may be installed both on elecyriaihd gas, and the consumption
data must be made available to the customer. They e read by a third party
organisation, which would then make the data alkal#o the customer. If an AMR

meter is installed on a residual supply and it smiébe conditions mentioned, the
supply will be considered as ‘core’ instead of idesl’.

- Check 4: Identify the supply as actual / estimaté

In CRC, a supply that has been reported based sirm&ted readings’ covering a
minimum 6 months period during the footprint yeal Wwe treated as an estimated
supply and will be subjected to a 10% uplift in CR@ual reporting.

- Check 5: Identify if the regulated emissions nowneet the residual percentage;
if not, include the residual supplies

Regulated emissions include core CRC emissionssstoms reported in EU ETS (if
any) and emissions covered by CCA (if any). If tegulated emissions are less than
90% (i.e. as the so-called residual percentagéhefparticipant organisation’s total
CRC eligible emissions, then residual emissionstrals® be included, up to the point
where the reported emissions cover at least 90%eofotal emissions. Any supplies
above that point can also be voluntarily reportédy core emissions must not be
excluded if the regulated emissions make more 8984 of the total emissions.

Use of fuels as mentioned in table 1 must be mogdt@nd reported if the residual
percentage is not met by the regulated emissign$o whe point where the residual
percentage is achieved. The supplies excluded tinescheme are as follows.

- Supplies for transport, domestic accommodatior #or activities whose
emissions are already covered by CCA / EUETS.

- Supplies after meeting the 90% rule, though thewss be voluntarily
included.

- Supplies to the subsidiaries with over 25% of ¢neissions covered under
CCA, and any emissions that are covered by EUETS.

CRC source list tool

The Environment Agency has developed a spreadsbadb assist participants with
energy data management for CRC. While this tobkigful in that it ensures that the
5 checks on energy supplies, as mentioned abogegaried out, it is a protected
product which cannot be modified by users.
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Aviation spirit Tonnes
Aviation turbine fuel Tonnes
Basic axygen steel [B0OS) gas KWh
Blast furnace gas kKWh
Burning oil/kerosene/paraffin Litres
Cement industry coal Tonnes
Coke oven gas kKWh
Commercial/public sector coal Tonnes
Coking coal Tonnes
Colliery methane kWh
Diesel Litres
Electricity kKWh
Fuel oil Tonnes
Gas oil Litres
Industrial coal Tonnes
Lignite Tonnes
Liquid petroleum gas [LPG] Litres
Peat Tonnes
Maphtha Tonnes
Matural gas kWh
Other petroleum gas kKWh
Petrol Litres
Petroleumn coke Tonnes
Scrap tyres Tonnes
Solid smokeless fuel Tonnes
Sour gas kKWh
Waste Tonnes
Waste oils Tonnes
Waste solvents Tonnes

) Table 1: List of Residual Fuels

Reporting and Evidence Pack

At the end of each CRC year, a participant mustrsulsertain reports using the
online CRC registry. As shown in figure 1, in thestf year of a phase, a participant
must register if the organisation meets the qualifon criteria. A footprint report is
also submitted in the first year of each phaseaAmnual report, as the name suggests,
must be submitted annually in each phase. Two dmeparts are required to be
submitted in the last year of each phase. Howeanethe 2012 CRC consultation
(DECC, 2012), it has been proposed to remove theirement of a second annual
report in the last year of each phase.

An Evidence Pack must be kept and maintained bly padicipant. This contains the

evidence of information submitted in the registratand in CRC reports. It must also
contain information on internal audits signed bp tmanagement, records of any
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installation/removal of meters, records of chanfgeupplier, bills/statements, proof
of score in EAM (such as a Carbon Trust Standartificate or installation records of

AMR meters), records of communication with supglier scheme administrators (i.e.
the Environment Agency), and any information that required to prove the

legitimacy of figures submitted to the CRC registry

Internal Audits

In CRC, participants are required to carry out taginternal audits to ensure that
records are complete, correct and adequate. Thediés anay include checks on
organisational changes, liability assessmentsy®modataetc These audits must be
signed off by top management, usually the persentified as the primary contact at
the time of registration in the scheme.

External Audit

The Environment Agency, who is also the administraf the CRC scheme, aims to
audit 20% of participants each year. It is claintteat participants will be audited on a
risk-assessed basis, which means that organisatiains more complex data or
supplies are more likely to be audited. There ldllone of three possible outcomes of
an external audit: Pass, Pass with improvementraotir Fail. If the audit shows that
the emissions as reported were more than 5% iratptheen a fine of £40 per tonne of
unreported Cge will accrue. In the case of severe non-compliartbe senior
responsible officer can face prosecution and ingpnsent. The results of external
audits are published annually so that there is algsk of reputational damage for an
organisation if it fails to meet the complianceurgments. Therefore, it is important
to ensure that regular internal audits are condhicés 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 generiplcamee strategy. CRC does not
target particular sectors, so the coverage inclydescipants from various sectors.
The relative impact on organisations is therefarelear, especially where they differ
in relation to their fuel type use, organisatiorsatucture, participation in other
schemesetc A few researchers have examined the impacts & GRparticipants in
general, or in certain sectors such as health water, commercial propertiesc

Rabinowitz (2009), for example, discussed the Hetel implications of CRC on
sectors such as commercial properties, local atigmyr franchise businesses and
construction. These implications included the caipy of identifying who is liable
for CRC in commercial properties, lack of contrah @nergy usage by local
authorities and franchise businesses, and the pewsfof agreement required to
handle CRC targets and costs. He also suggest¢dCR& emissions from the
construction sector would vary widely depending thre number of projects
undertaken each year. Further, due to the usage wiimber of different fuels,
residual fuels may also need to be recorded arwttezph Finally, he predicted that the
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price of the carbon allowance would become a faict@n organisation’s long term
budget.

Sarwar (2008) analysed the impacts of a carbonsgonis trading scheme on the UK
water industry. She suggested that the key chakengpuld include data collection
and collation, lack of understanding of the schems@mplexity, and the need for a
centralised strategy. At a general level, she egdd.0 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 thgoNal Health Service and

discussed both the negative impacts and underlyppprtunities. He suggested that
impacts are ‘likely to be significant’ and idengifi that high capital projects could be
financially beneficial in the longer term.

Bright (2010) discussed the impact of CRC on theméed commercial sector. He
identified issues such as the variety of ways byclwlenergy may be supplied to a
tenanted property, the complexity of the CRC scheam& the split incentive of
commercial leases as principal issues. He alsotifekeh that the traditional
adversarial relationship between landlord and tena: a major obstacle to
implementing abatement measures. A similar issugidentified in this research for
construction companies, which temporarily acquirg@perty for construction work,
are responsible for emissions during the acquirxtbg, but have limited ability to
improve metering or the energy efficiency of the si

Rabinowitz (2009) and Craig (2009) both suggesteat tnarginal abatement cost
curves (MACC) should be produced to model carbatucton strategy against
abatement price.

It was observed in the existing research work tmy high level information was
available about CRC impacts and their mitigatiose bf MACC was suggested as a

tool, but no information about the practical usdho$ tool for CRC participants was
found in the literature.

Marginal Abatement Cost Curve (MACC)

MACC is a method to present and compare a numbevaifable carbon abatement
opportunities in a graphical manner. The curve plew the carbon abatement
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potential of each opportunity (tonnes of £0on the x-axis) versus the cost of
abatement (£/tonne of GOon the y-axis).

Kesicki (2010) has researched the use of a margibatement cost curve with
country-level policymakers. The concept was stilluse in 1991 as a means to
illustrate the cost associated with carbon abatér@ackson, 1991). Similar curves
were used in the 1970s and 1980s to identify caideonsumption abatement, and
later for the saving of electricity consumption (ete 1982).

In figure 4, A to J represent various opportunitiest are available to reduce carbon
emissions. The width of each opportunity on thexis-arepresents its carbon
abatement potential in tonnes of £0O while the y-axis represents the cost of
abatement of that opportunity. Such a tool can dipftil to decision makers, as the
cost of abatement can be readily compared to th€ @Rowance price. If the
allowance price is lower than the cost of abatenfi@nthat opportunity, it becomes
financially unattractive to take that action. Alsba carbon reduction opportunity in
an organisation offers an attractive (i.e. low) gnaal abatement cost, but its potential
to reduce carbon emissions (i.e. shown by its wadthy-axis) is very low, then the
organisation may chose not to spend their resownehis opportunity as it would
produce little overall impact.

MAC: £/tCO2

.
,
.
"_I_I_ —_—
1
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0 10 20 30 40 50 60

Thousand tonnes of carbon saved/year

Figure 4: Marginal Abatement Cost Curve (Somar, 20Q)

To develop a MACC, a spreadsheet tool was develbgeomar (2010), which was
inspired by a similar tool developed by the Carfimast (2010). The latter tool is
limited to 7 projects at any time, whereas Somé&vd can be used for up to 10
projects although more projects can be added asreek)

As shown in figure 5, Somar’s tool requires thédwing information for each
project.

- Name of project.

- Capital cost.
- Annual benefit/cost.
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Figure 5: Information to develop a MACC (Somar, 20D)
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This information is normally available within theidiness case for each project. The

annual benefit/cost can be calculated by annudt dlasv in terms of a project’s
operation, maintenance costs and cost benefitexample 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 MACCthe user’'s accepted discount
rate on financial investments. Due to the finanei@ue of the carbon in schemes
such as CRC and EU ETS, a project’s lifetime cardmonng can also be discounted.

The spreadsheet tool calculates the net presem Y&IPV) for each opportunity, and
divides this value by the average annuakb€®avings and the project life time. This
yields the marginal abatement cost in £/tonne ofeCO

Emission Reduction Investment Curves (ERIC)

Lavery (2011) proposed an alternative method clagnais an improved alternative to
MACC. This new method is known as an Emission Rednclnvestment Curve
(ERIC). Though there is little information availabhbout this method, it has been
used by Booz & Company (Fayad et al, 2011) to madehrbon reduction strategy.
Figure 6 shows an example ERIC curve by Lavery 120&ho argues that MACC
curves are unhelpful since they do not display IRRich is generally a more reliable
metric for CEO and CFO level officers within a caang.

Internal Rate of Return (IRR)

M. A. Mian (Mian, 2011) defines the internal ratereturn, or simply IRR, asThe
internal rate of return (IRR) or economic rate eturn (ERR) is a rate of return used
in capital budgeting to measure and compare thdifatality of investments. It is also
called the discounted cash flow rate of return (IREFR) or the rate of return (ROR).
In more general terms, the internal rate of retmnan investment or project is the
"annualized effective compounded return rate" ate'rof return” that makes the net
present value (NPV as NET*1/(1+IRR)"year) of alkleaflows (both positive and
negative) from a particular investment equal t@Z®&Yikipedia, 2013). In the context
for this research, in an organisation with invegtatakeholders, if the internal rate of
return for a carbon reduction opportunity is gre#étan their acceptable rate of return,
the investment would then be considered as acdeptab
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Figure 6: Emissions Reduction Investment Curve (Lagry, 2011)

With MACC, the more negative an opportunity appeansthe x-axis, the more
attractive it is; this is counter-intuitive. On thther hand if the opportunities were not
expressed as both negative and positive in terntsenf carbon abatement cost then
the method would not allow users to compare oppdrés in terms of the abatement
cost set against the carbon allowance price.

In ERIC, as with MACC, the x-axis displays the aarlreduction potential of the
opportunities. The y-axis, in this case, is a labaric scale showing the IRR of each
opportunity. The emphasis here is on IRR rathen tih@ money spent per tonne of
emissions reduction - ERIC can show the IRR ofvitllial projects as well as the
cumulative IRR of multiple projects. Since therens assumption of discount rate,
decision-makers can chose their preferred risk ley@xamining the IRR.

1.3 Impacts of CRC on a participant

As presented in section 1.2, few researchers haweed out research since the
introduction of CRC aimed at understanding the ichpan participant companies
operating in various sectors. That said, a numlbampacts have been identified.
Organisations are required to firstly assess if thee liable to participate in CRC,
which is itself a daunting and challenging task.eTprofile and metering types
associated with electricity and natural gas suppdiee not usually known to facility
managers or the finance team, who generally daal an organisation’s energy bills.
Therefore, it is a non-trivial task to assess éytlare consuming half-hourly metered
electricity above the CRC threshold during the dgakion period. For organisations,
which are already part of EU ETS or hold CCA, thesessment is further
complicated. In addition to the above issues, tlaeecissues such as landlord/tenant
arrangements, inappropriate metering, and inadmégsito energy dateetc all of
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which make it difficult to assess the extent obilidies. Once an organisation has
been assessed and identified as a participantringetef energy usage for all fuel

types becomes even more important, which is a emgihg task for those

organisations that consume a significant amourfuels other than natural gas and
electricity. It is also a challenge to maintain thecords of events such as
commencement/termination of supply.

CRC, especially after the removal of revenue raggcin the 2010 spending review,
has introduced additional costs on participant wisgdgions. And the financial risk
may become even greater if a cap on allowance pos$ed from the second phase,
which would then drive the price of the carbon wloce. There are also risks of
punitive fines (and even imprisonment) for non-ctiemze. Due to these impacts,
energy issues are now routinely discussed in tlaedomom, where senior managers
consider impact mitigation strategies such as rabévenergy systems deployment
and energy efficiency measures. Another major fimk private sector firms is
reputational damage due to the publication of daglie table.

Another major cost burden is associated with thditexhal systems and procedures
required to ensure data capture for compliancey @mlough such systems and
procedures can a participant with a complex orgaioisal structure meet its
obligations within the scheme.

Mitigation of Impacts of CRC

Due to factors that distinguish one participantrfranother, there is no universal
strategy to mitigate the impacts of CRC. Tools sashMACC and ERIC can be a
good starting point to find the best opportunitiesdevise a compliance strategy.
Also, there is a strong need to realise the oppidrds that CRC has introduced.
Reducing emissions potentially means reducing c@&RC provides the drive for

innovative technological solutions (such as tampmof timers as discussed in
section 5.1). CRC and other schemes such as Digplaygy Certificate (DEC) have
also provided a means to link property value witkrgy performance. Organisations
that hire a specialist Energy Manager or CRC Manafgo get the opportunity to
identify low/no cost options to reduce energy congtion and thereby save money.
Achievements such as a good position in the CRQ@uledable, certification with

Carbon Trust Standard or equivalent, and the imefgation of renewable energy
systems or energy efficient products can also pewerganisations with opportunities
to increase turnovers through marketing of thelmeements.

It is hypothesised that through specifically des@jsystems and procedures in hand
with a carbon reduction strategy, the impacts efstheme can be mitigated. It is also

hypothesised that techniques such as MACC and BRi@iseful adjuncts to devising
a carbon reduction strategy.

Risks with new and innovative technologies

With the evolution of sustainable business nedusntarket has grown for new and
innovative technologies. According to Blok et aD(8), the total investment required
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for energy efficient technologies is estimated &0 @illion (approximately £50
billion) per annum. In wind, solar PV and bio-fualsne the market size is estimated
to reach £246.9 billion by 2012. Due to this patdnthere is a risk of unscrupulous
companies selling ‘green’ products that do notwidelthe claimed energy savings or
carbon reductions. Due to a lack of knowledge aboatv and innovative
technologies, a buyer finds it hard to assess #tidity of claims by product/service
providers. Examples abound of scams which trick lmlying energy saving device
that do not work (Which, 2011). There is also aaregle of a geothermal pump that
was Energy Star rated despite the fact that itecieficy claims exceeded any
comparable product (Priesnitz, 2010).

As this has brought additional risks with implemegtenergy efficiency measures
and renewable energy systems, there is an evetegreaed to verify the carbon
reductions from implemented projects. A carbon ofida strategy may be weak and
unable to deliver results as expected if thesesriake not considered. It is
hypothesised here that appropriate monitoring &ification can reduce these risks
and ensure the delivery of carbon reduction targets

1.4 Research Requirements and Knowledge

While researchers have considered the differentaatsp of CRC and possible
mitigation approaches within various sectors, thee still missing elements in the
literature.

The existing analysis of impacts is at a high leaald does not identify the systems
and procedures that should be in place to meattipgrements of CRC. No research
has been found which quantified the cost implicaiaof CRC on a participant
organisation at a level of detail that may be actpdn. While the existing research
gives recommendations to mitigate the impacts o€CtRere is a lack of information
on specific implementations and the beneficial ontes from such implementations.
Tools such as MACC and ERIC have been suggested apt means to establish a
compliance strategy; no such approach has yet &ggred within a CRC participant
organisation to determine effectiveness. It has been identified that, while CRC is
acting as a driver to reduce carbon emissionseti®la danger that organisations
trying to implement innovation risk being duped.cliding such innovative
technologies in MACC and ERIC could be high riskkess there is a reliable way to
include such opportunities in the compliance styate

This research was undertaken to address thesenmis®ments in the previously
available research work. Barr Holdings, which iSCRC participant organisation
operating in Aggregates, Environmental and Constmcsectors was chosen to
conduct this research. These sectors contributéo 506 the UK’'s total energy
consumption (DECC, 2010). This company, presendirapmplex structure in terms
of the number of different fuels used, providedadjopportunity for this research.

This research will not only help the CRC participBarr Holdings, but also provide
an approach that can be applied by any organistigtris liable to a similar scheme,
or an organisation that is aiming to develop itdboa reduction strategy. The key
contributions that have been made in this reseaothk can be given as follows.
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- As identified in sections 1.2 and 1.3, the pretaxisresearch work did not
present a quantification of the impacts of CRCw#s the first systematic
research work in which the impacts of CRC were ¢jtiad in financial terms,
as presented in Chapter 2 section 2.6.

- This was the first research project to identify,plement and improve the
required systems & management procedures for a @Riipant, in order to
stay compliant and to mitigate the impacts of tliemplex scheme.
Development of tool such as ‘CRC Footprint Too&t sip of ‘CRC Team’,
and implementation of ‘CRC Procedure’ (which haveer presented in
section 3.1) were necessary for Barr to stay canplimitigate the impacts
and reduce the risks of non-compliance.

- The research work has presented and trialled differmanagement
approaches in terms of decision making for carlemfuction projects, using
various decision support tools such as MACC andERY the first time in
Construction and Aggregates sectors. A blended ®ACotool was also
developed as part of this research, as presentseciion 4.3, which may be
used by other organisations / sectors.

- A new approach, not evident from any available aes® work, was used in
this research work to quantify real carbon emissreductions for an
organisation. As presented in section 5.11, it wlasitified that a company
must implement energy benchmarking methods, suggdsy monitoring &
verification of implemented carbon reduction oppaities, to quantify the
real carbon reductions that have been achievedgiven time period. It is
also important to realise the carbon reduction @tk of various carbon
reduction opportunities, as it reduces risk, ang redevising further carbon
reduction strategy.

Overall, the approach used in this research pragaatique itself, and can be used
by researchers / energy managers in similar oermifit sectors, to

- ldentify & quantify the impacts of a given schemdéther legal or optional)

- Identify and compare carbon reduction opportunitiseng latest decision
support tools

- Monitor & verify actual carbon reductions, and implent relevant energy
benchmarking methods to quantify actual organisaticarbon reductions

1.5 Changes in CRC Scheme

This research work was conducted at Barr HoldimgsfFebruary 2010 to October
2012. During this period, the first major revisiohthe scheme was announced by the
UK government in October 2010 spending review. Thajor changes were as
follows.

- Revenue recycling was removed from the scheme tawads confirmed that
money generated from sale of allowances will baimed by the government
for public finances.

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

These changes were considered and were part ofréissarch. However, the

participants continued complaining about the comipteof the scheme and financial

burden of the scheme. In order to address thesedsgovernment initiated a

consultation in March 2012 on further changes ® sbheme. The response to this
consultant was published in December 2012, notfyparticipants of a number of

significant changes. Since these changes are leipgmented after the research
work had been completed at Barr, therefore, thiskwaoes not take these into

consideration. To understand these changes inighe df this research, the major

changes have been summarised as follows.

- The CRC Performance League table was abolished #@h2-13. However,
the Environment Agency has proposed to publishatigregated participants’
energy use and emissions data. It means that ttieipants don’t need to
consider emissions / energy use coverage by AMRemeind Carbon Trust
Standard (or equivalent).

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

- 90% residual percentage rule was also removed. Ad&%minimis rule has
been introduced for Natural Gas use. So, if theutdhtGas use of an
organisation is less than 2% of its Electricity,uben the Natural Gas use can
be excluded from CRC reporting for the whole renmagjrphase. In CRC year
2011-12, Barr's Natural gas use was 4.6% of itstetity use.

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

In terms of impact of these changes to this rebeanxark, the approaches and tools
identified in this research will still remain valahd useful for organisations impacted
by CRC or other similar schemes / taxes. Reduafamumber of energy sources will
provide a reduction in financial burden to CRC gvants such as Barr whose only
33% emissions were coming from Electricity and Mat@as, but on the other side,
removal of residual percentage rule may put adailidourden on participants to
spend resources in collecting data for areas vatiligible Electricity and Natural gas
use. The abolition of performance league table do¢sffect a company much, as it
was already a less effective reputational drivére Thange in terms of Carbon Trust
Standard (or equivalent) and voluntary AMR requieaets will reduce their cost
impact at one end but, on the other end, the osgéian will not be able to benefit
from the opportunities arising from these. Afteesh changes, it is anticipated that,
for Barr, the financial burden of CRC scheme wadlieduced by around a third of its
current impact, so it will be outweighed by theaficial savings from implemented
carbon reduction opportunities during this reseahshterms of energy sources not
covered under CRC Scheme, even after these chahgesemains a valid argument
that reduction in costs and carbon emissions fioenctarbon reduction opportunities
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in these can help in outweighing the costs of CR;.an organisation that is aiming
to reduce energy costs and carbon emissions slwonisider looking into potential
energy reduction opportunities in energy sourcexoweered by a scheme like CRC.

Objectives of the project

The key objectives of the present project wereolis\i's.
- To identify the impacts of CRC on a participatirrganisation.
- To identify and implement opportunities to mitig#te impacts of CRC.

- To identify a best practice approach to identifyingst-effective carbon
reduction opportunities.

Research method

This study was conducted using empirical data @drivom field based research. The
research includes both qualitative and quantitatie¢hods.

- Empirical Research

Empirical research is defined as research basedolmserved and measured
phenomena. It reports research based on actuatvalises or experiments using
guantitative research methods and will typicallynemte numerical data involving
two or more variables (NSU, 2010). In this researbld based research was
conducted within a CRC participant company overeatended period of time (3
years).

- Quantitative Research

Quantitative research refers to the systematic mecapiinvestigation of social
phenomena via statistical, mathematical or comurtat techniques (Given, 2008).
This research project involved analysing data dumarious stages of the CRC
process.

- Qualitative research

Qualitative researchers study things in their redtsettings, attempting to make sense
of, or to interpret, phenomena in terms of the nmegpeople bring to them (Denzin
and Lincoln, 1994). This research involved inforimat acquisition from the
employees of a CRC participant company.
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- Semi-structured interviews

Semi-structured interviews, also known as in-deptérviews are used in research to
provide flexible boundaries to the interviewer irder to get maximum information

from the interviewee. In-depth interviews, alsodlwe the capturing of respondents’
perceptions in their own words, a very desirablatsgy in qualitative research

(Saunders et al 2007). In this research, semitsired interviews addressing various
topics were used to obtain both qualitative andhtjtative information related to the

CRC participant company.

- Focus Group

Henderson (2009) defines a focus group as a forgualitative research in which a
group of people are asked about their perceptiopsjions, beliefs and attitudes
towards a product, service, concept, advertisemigl@ia or packaging. In this
research, a focus group was established in the ERiipant company to obtain the
views, and approval where required, of a targetemig of employees about the
carbon reduction strategy and available opporiesiti

Project Approach

The flowchart of figure 7 displays the project aggrh 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 sobegits rules, revisions over time
and available research. At the end of this stalge, groject objectives, research
method and project approach were identified.

- Stage 2: CRC Impacts

In the second stage of the project, research focosea complex CRC participant
company. The company’'s CRC qualification and liibd were identified by
understanding its operations. This stage also decluexamining the company’s
existing systems & procedures, and identifying sstems & procedures required to
meet the requirements of CRC. At the end of thagestthe financial impacts of CRC
on the company were quantified, including a sevigjitanalysis.

- Stage 3: Mitigation of CRC Impacts

In the third stage of the project, the requiredeys & procedures were defined and
implemented within the company as required to nieetneeds of CRC. Corrective
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actions were also implemented, where required,dagsethe outcome of suggested
implementations to improve the systems & proceduhesthis stage, the carbon
reduction opportunities were identified, and MACRIE curves were plotted to

compare options. A new CALORIC curve (Carbon Abaetn_ow Risk Abatement

Curve) was developed to address the issues idmhiifi using MACC/ERIC curves.

Relevant carbon reduction opportunities were tmeplemented on the basis of the
CALORIC outcomes and other company-specific factorbe performance of

implemented opportunities was then monitored &fiedi and corrective action taken
where appropriate. MACC, ERIC and CALORIC curvegavalso re-plotted on the

basis of learning outcomes from the monitoring &fiation work.

- Stage 4: Conclusions

This was the last stage, where learning from thelevproject were summarised and
concluded. In this stage, some possible future w@% also suggested.

1.6 Chapter Summary

To meet its commitment on carbon reduction tardeks,government has introduced
several initiatives to business and domestic coessimof energy. These initiatives
include both energy efficiency and renewable enarggortunities. The mandatory
CRC Energy Efficiency Scheme was one of the imveést introduced by the
government to target energy reduction from nongnertensive businesses
operating in the UK. Since its introduction, théeme has been revised several times.
Existing research has identified the high level actp of the scheme and possible
solutions to mitigate these impacts. However, iss#ll difficult for organisations
participating in CRC to estimate exactly how mudRCwould affect their business,
especially after the revenue recycling part wasosed from the scheme. No
evidence was found about actual implementatiorteefmpact mitigation techniques
as suggested. Therefore, a research project waoged to be conducted within a
complex CRC participant organisation. The main cibjes of the project were to
identify the impacts of CRC and their mitigationpoptunities in detail and, by
implementation in practice, to determine the besatesgy to manage impact
mitigation in practice.
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2 MITIGATION OF IMPACTS OF CRC

In chapter 1, the need was identified to analyseitipacts of CRC on participant

organisations in depth. To carry out this analyai§RC participant company with a
diverse range of operations was chosen. This chapteides information about the

company, its operations and its energy use. Thptehalso includes the information

obtained from the company through observation anattsired interviews, which was

then used to identify company’s liabilities in t@RC. The chapter also includes
information about the company’s existing systempr&cedures that relate to energy
use and the collection of the information requitedomply with the CRC scheme. At

the end of this chapter, an analysis is carriedto@stimate the financial impacts of
CRC on the company.

2.1 The Company

Barr Holdings was chosen as the CRC participantpamy for this research. The
company operates in a diverse range of busines®rsemcluding aggregates,
construction, landfill sites, waste recycling, $tiedrication and agricultural precast.
According to the Engineering Manager at Barr (mtawv 1; AG, 2010), the company
has 3 head offices in different parts of Scotlahid permanent operational sites and
17 temporary construction sites. The operationghef Construction Division are
spread across the UK.

- Barr Industrial

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

- Barr Construction

The construction division has a large portfolio @uvising the construction
management for projects such as hospitals, schiatts| stores, stadia, wind farms,
leisure centres, residential and industrial buddietc

- Barr Environmental
The environmental division includes landfill, wasteycling/transfers and skip hire.
- Barr Manufacturing

The manufacturing division includes precast comcreroduction and a steel
fabrication business.

Due to the diversity of operations, the companyed an opportunity to analyse a
complex CRC patrticipant. With approximately 28,@00nes of carbon emissions per
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annum (Interview 1; AG, 2010), stemming from a mmd emissions sources within
the business, Barr provided a good platform to It the CRC scheme’s impacts,
and an opportunity to test carbon reduction opmpaties within some of the
company’s energy intensive operations.

2.2 Energy use at the company

The company currently uses the following fuels/searof energy.

- Electricity

- Natural Gas

- Gas oil

- Kerosene

- Light Fuel Oil (LFO) / Burning Oil
- Derv (Diesel)

- Petrol

The research was carried out within the companggsses located at its main depot
known as Killoch Depot. Fuel use, as observed atcbmpany, is summarised in
table 3.

Energy Source Uses

Electricity Lighting, Space heating, Motors / Dréve
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 /oated 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 carbotpriab information for the
company in 2008.
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2008
Energy Carbon emissions

Energy Source Unit Unit CO , conversion factor {onne-CO 2

Gas Qil 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 footpni

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

2008
Energy Energy costs
Energy Source Unit Unit bence/unit Tlotal 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 compaegorded a consumption of
7,765 MWh of half-hourly electricity, which is ab®the 6,000 MWh qualification

threshold in CRC. The company was not participatimgither EU-ETS or Climate

Change Agreements and had no generation of renevesi@rgy. Therefore no such
supplies can be discounted, and the company mustipate in CRC as a full

participant.

CRC Liabilities

Based on the review of CRC rules in section 1.2d aomparing with the
organisational information available for Barr Haigs, the following liabilities have
been identified for the company in CRC.
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- Registration in CRC

Since the company meets the qualification critefithe scheme, it had to register in

the scheme by the registration deadline for fhpHase of the scheme (i.e. July 2010).

- Responsibility

The company is required to nominate the followirggspnnel, where the first three
must be nominated before the company applies fpstration 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 mustord its energy use for this
period. At Barr, the latest available energy use earbon footprint information was
for the calendar year 2010.

As can be seen in figure 8, which was developetherbasis of the company’s 2008
carbon footprint breakdown, the total electricitydanatural gas supplies will not
comprise 90% of total CRC emissions, and therefeeecompany must record and
report its residual supplies.

Gas
0.34% Petrol
0.12%

Other
0.21%

Electricity
20.17%

O Gas Oil
m Derv

Gas Qil o Kerosene / LFO
Kerosene / LFO 44.12%

9.30%

O Electricity
B Gas

o Petrol

m Other

Derv
25.74%

Figure 8: Pie chart: 2008 carbon footprint

Based on the checks required on energy suppli€Ri@, as elaborated in section 1.2,
the following information was required to be recsutcat Barr. This information was
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separately identified for each energy source atdbm@mpany 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 requaenfor electricity will remain the
same. However, if the amendment proposals are meieed then the following
additional information will be required to be reded.
- Electricity used for the purpose of transportingg@@ying or shipping of gas.
- Electricity used for the purpose of generatingnsraission 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), nsomption (kWh),
actual/estimated consumption, AMR / non-AMR.

For the next phase of CRC, the information requéetrfor natural gas will remain
the same. However, if amendment proposals are meieed then the following
additional information will be required.
- Natural gas used for the purpose of transportingplying or shipping of gas.
- Natural gas used for the purpose of generatingsinégssion or distribution of
electricity.

Liquid fuels - Gas Oil

Information required: site name, consumption/delivery, actual/estimated,
consumption (litres).

If the amendment proposals are implemented them fopbase 2, gas oil will only
need to be reported where it has been used fombgeadirposes. As observed in the
quarries and asphalt production plant at Barr,citti@pany currently uses gas oil for
both heating and power requirements. This meansthigae will be an additional
requirement to record the end use of gas oil.

Liquid fuels - Kerosene / Burning Oll

Information required: site name, consumption/delivery, actual/estimated,
consumption (litres).

If the amendment proposals are implemented than fshase 2 Kerosene will only
need to be reported where it has been used fomgeadirposes. As observed in the
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asphalt production plants and site workshops at,Bhe company currently uses
Kerosene mainly for heating.

Liquid fuels - Diesel (Derv)

Diesel is only required to be recorded if it is roging used for transport. If the
amendment proposals are implemented then from phasseill not be required to
record and report any diesel use.

Petrol and other fuels

Petrol is not recorded for CRC reporting as minimaéntities are used at Barr for
transportation only. No significant quantity of aofythe other fuels is used at Barr. If
the amendment proposals are implemented then fhasep2 it will not be required to
record and report Petrol and other fuels (excepttectity, natural gas, gas oil and
Kerosene).

- Carbon Trust Standard (or equivalent)

Though achieving a Carbon Trust Standard accremltator equivalent) is not
mandatory for a CRC participant, it was importamt Barr in order to avoid being
adversely listed in the CRC Performance League€elabl

- AMR metering

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

- Turnover

Reporting annual turnover in CRC is also not mamgatHowever, if the turnover is
not reported then the Growth Metric Score is codirte 0%, which would affect the
company’s position in the Performance League Taltherefore, it was advised that
the company must record and report its annual wemneo achieve a score in the
Growth Metric. As mentioned in CRC rules, the twaofigures can be used from
either the calendar year (January to December) RE Gyear (April to March);
whichever suits best the participant company.
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- Temporary sites

As the company operates 17 temporary sites, theargy usage is required to be
recorded to prepare the Residual MeasurementAgsording to CRC rules, all core
supplies to temporary sites must be reported. fF®@mew temporary sites starting in
later years when no new residual measuremenslistquired, the company does not
need to report their residual supplies. For thasom, the company must maintain a
record of start/end date of supplies to the newptaary sites.

- Evidence Pack

The company must maintain an evidence pack to enthat complete records are
available for the information reported in the CREQistry. Based on the qualification
and CRC liabilities identified for Barr in this ghier, the company must maintain
evidence of the information it uses to assessusdiftcation and to comply with the
scheme.

- Internal Audits

The company must conduct regular internal audigsesl by the respective Managing
Directors of the divisions. Due to the locationhefad offices for each division, there
were two audits proposed: One audit for the Consbm division and another for the
Industrial, Environmental & Manufacturing division.

2.4 Review of existing systems & procedures

During the semi-structured interview (InterviewAlG, 2010), it was determined that
the company has already recorded enough informaticessess its qualification in
CRC, and had already taken several steps for CR@pleance utilising its existing

systems.

Existing systems in the company

This section provides information about the systaisady in place at the company,
which are in use to gather information related émpany energy use. The section
also includes the initiatives that were alreadyngeaiindertaken by the company to
meet the requirements of CRC.

- Information Systems

The information on existing information systems hmt the company was also
obtained from the Engineering Manager via interview
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Dataserve

Dataserve is an energy metering service, whichlse Barr Holdings’ appointed

meter operator for electricity supplies. All perreah sites of the company with
regular operations, but without an existing halt#tp meter, have been fitted with
AMR meters. The data for both AMR and half-hourlgtered sites was available to
Barr Holdings through an online Dataserve portal.

Table 6: Existing information systems

Information System Information available for | Information available for
Carbon Trust Standard | CRC

Dataserve Site  Name, Electricityite Name, Electricity
Consumption (kwh) Consumption (kwWh)

Fueltek - Diesel use (litres) hySite Name, Orders (litres) for
company vehicles Industrial, Manufacturing
- Petrol use (litres) byand Environmental
company vehicles Divisions, for

- Site Name, OrdersGas Oil, Kerosene and LFQ /
(litres)  for  Industrial,| Burning Oil

Manufacturing anc
Environmental Divisions
for

Gas Oil, Kerosene and
LFO / Burning Oil

QR3 - External hauliers’ travelNone
for Barr (miles)

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

information (miles) for
Construction division

Construction kWh too| Site Name, Electricity Site Name, Electricity
(spreadsheet) Consumption (kwWh), GasConsumption (kwh), Ga
Consumption (kWh) for Consumption (kWh) for
Construction division sites Construction division sites

[72)

Expenses tool Business travel None

(spreadsheet) information (miles) for
Industrial, Environmental
and Manufacturing
divisions

Fueltek

Fueltek is a fuel management information systemickvirecords diesel use by
company-owned vehicles.

QR3

QR3 is an internally developed information systerhich records the sales of quarry’
products (i.e. aggregate; asphalt/coated matemidlready-mix concrete). As part of
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the haulage operation is arranged through extdmaaliers, their diesel usage is
estimated from the number of miles they traveld¢bver Barr products as available in
QRS3.

COINS

COINS are a financial management information systehich can provide company
turnover information. This system is also usedrwvjge fuel purchase and business
travel information at Barr.

Spreadsheet based systems

There were a number of spreadsheet based tookeimtuBarr to record information
such as:

- Construction-related energy use;
- Expenses.

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

- Energy Use and Turnover: Barr carbon footprint tool

The company was using an internally modified versibthe Carbon Trust’s footprint
tool. This spreadsheet tool was being used to emwypaste all the energy use and
turnover information from the systems mentionethlvie 6, process it to calculate the
total and normalised (to the turnover) carbon eimnssof the company. The company
was recording data into this tool on a monthly ®dsiobtain the inputs required by
CRC.

- Qualification in CRC

After realising its possible inclusion in the matmtg CRC scheme, the company
allocated its Engineering Manager responsibilitgéal with the scheme. This person
identified from the electricity bills that the hddburly electricity for the company in
2008 was 7,765 MWh, which was reasonably above6tB80 MWh qualification
threshold. Initiatives such as Carbon Trust Stash@acreditation and installation of
AMR meters were then taken by the company to peepar the first phase of the
scheme.

- Carbon Trust Standard

The company adopted a proactive approach to gdighefit of CRC’s Early Action

Metric and revenue recycling feature. For this psg the company applied for and
achieved Carbon Trust Standard accreditation ir®200order to achieve the Carbon
Trust Standard, the company started recordingLiégsve€l 1’ emissions and process
emissions. While recording the ‘Level 1’ emissiotiee company included its use of
transport fuels, which are not in the scope of CRG2 company decided to include
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its process emissions in its first Carbon Trusn&sad certification due to inclusion
of these emissions sources in CRC.

- AMR Metering

For the same reasons as the Carbon Trust Staridardpmpany initiated a roll-out of

AMR metering on all of its major electricity consing sites, except temporary sites
for the construction division. The information froml AMR meters, as well as half-

hourly meters on the company's permanent sites, mandownloaded from the

Dataserve Website. However, the AMR metering doais cover any natural gas

usage, and also some electricity use in sites tgitiporary or no operations due to
little use.

Existing procedures in the company

As identified from interview, there were no exisgtiprocedures in the company
designed specifically for CRC. However, due to hajdCarbon Trust Standard, there
was an unwritten procedure being followed by thegiB®ering Manager to collect
energy and turnover information and populate thi® ithe Barr footprint tool. A
flowchart (figure 9) was then developed, to sholes ftow of information within the
company.

- Record keeping

Record keeping in the company was reviewed. Inlthkestrial, Manufacturing and

Environmental divisions, only 61 out of 105 reqeésinvoices were provided in a
timely manner. In the Fueltek system, the ‘ordeiggintities for Gas Oil, Kerosene,
LFO and Derv were recorded instead of ‘deliveredantities, which could be

different (e.g. at times when the on-site tank dotdke less than the ordered
guantity). Electricity and Gas bills were also fdumisfiled in the archive. However,

the invoices and bills in the construction divisisare complete and accurate.
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Figure 9: Energy information sources
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2.5 ldentification of required systems & procedures

As obvious from the discussion, the existing systemd procedure at the company
provided considerable information. However, thiimation was still incomplete in
terms of CRC, and more information was requiretg¢aecorded to comply with the
scheme. These additional information requiremergsiscussed below.

Barr's CRC reporting tool

A CRC Reporting Tool was proposed. This tool wasnthimplemented as a

spreadsheet constructed on the basis of the infammgap between that available
from the existing Carbon Footprint Tool and theomfation required to meet the

requirements of CRC. Rather than using severakmifit tools, this tool includes

major transport fuels due to their inclusion in Hwepe of the Carbon Trust Standard
(or equivalent). The main features of this spreadshexcluding those data already
available in the existing Carbon Footprint Took as follows.

- Supply characteristics

As identified in section 2.3, the CRC tool must akle to include additional

information about supplies, such as electricityfipgdypes, estimated/actual supplies
etc This additional information, available in the forof bills, invoices and annual

statements, required manual reworking. The tooltralso be able to apply a 10%
uplift on estimated supplies.

Though the CRC Source List tool from the EnvironmA&gency can perform this
task, there is a need, as explained below, to de thhan this - using the Source List
tool only for supply characteristics will not soltree remaining issues. The source list
tool is a ‘read only’ spreadsheet, and cannot beréal to meet organisation-specific
requirements, such as site specific CRC costspoddbtprintetc

- CRC Costs

The tool must be able to calculate the expected C&Xs. Similar to Barr’'s existing
footprint tool, the tool provides month-by-monttiarmation of CRC costs.

- Allocation of costs

As agreed with the Finance Manager, it would helpllocate the costs of CRC to the
operational sites where these emissions are emittezitool must therefore be able to
calculate site specific CRC costs.

- CRC year

Since the CRC year runs from April to March, théormation 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 suppdiasie fuel supplies may be part
included and part excluded in CRC. The tool is dbleseparate core and residual
supplies to calculate the residual percentage,tankkeep information for external
audits.

- Transport fuels

Rather than using several different tools, this &®o includes major transport fuels

due to their inclusion in the scope of the CarbonsT Standard (or equivalent). It is
able to help in a number of areas, such as to woAittarget the overall carbon
emissions of the company and identify potentiairsgs/in transport fuels, which are
the greatest proportion of the company’s energyscas shown in table 5, section 2.2.

CRC Team

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

Mandatory Team members

- Senior Officer: Chairman or Director of the compa

- Primary Contact: Chairman or Director of the camp

- Secondary Contact: Chairman or Director of thegany

- Account Representative: An Accountant well verggith company financial

Organisation specific team members
The following additional members were proposediier CRC team at Barr.

- Divisional Senior Officers: Divisional ManagingirBctors were proposed to be the
Divisional Senior Officers, to take responsibilityr their division’s compliance in
CRC. Divisional Senior Officers were required togrsi the internal audit
certificates/evidence pack relevant to their donsi.

- CRC Manager: It was suggested to appoint a CR@ager, with responsibilities to
assess the liabilities of the company in CRC, theyathe data and information from
all team members, to inform them of their dutiesnieet the requirements of CRC, to
collect & collate data for the organisation’s carlfootprint, and to conduct internal
audits. A CRC procedure was proposed (discussenlvlpdbr compliance. It was
proposed that the CRC Manager should take theteatsure that the procedure is
followed. It was also proposed that the CRC Managesuld be responsible for
implementation or continuation of initiatives suab the Carbon Trust Standard (or
equivalent), AMR meteringtc
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- Environment Agency Online Account Manager: It vpasposed that a person in the
company with good knowledge of using Governmentnenservice systems should
be given the responsibility to manage the compaweb-based CRC account on the
Environment Agency Website. This account is reglirethe scheme for registration,
changes and submission of reports, which was pegpts be done on the basis of
information from the CRC Manager.

- Electricity/Gas/Fuels Invoice contacts: It wasogwsed to identify among the
employees, those who deal with bills and invoiddémse employees were proposed to
be given the responsibility to provide the CRC Mgerawith electricity/gas/fuel
invoice data.

- Transport Fuels contact: It was proposed thatpeeson managing the Fueltek
software in the company should be given the respiityg to provide the CRC
Manager with transport fuels usage data.

- Turnover Information contact: It was proposed th@erson with access to turnover
information should be given the responsibility tooygde the company’s annual
turnover information to the CRC Manager.

CRC Procedure

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

- monthly energy usage data is populated in the GREC

- CRC team members provide data and informatiotinoe;
- the evidence pack is maintained;

- internal audits are conducted and signed.

Evidence pack

Since the scheme rules do not provide a defineshdbifor an evidence pack, the
evidence pack at Barr was proposed to consist ofgavts: evidence in electronic and
paper forms. The evidence pack at Barr was proptsedontain the following
information.

- Organisational structure and responsibility allarat

- Location of records which are not contained ingkiglence 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, heogy files were proposed for the
following bills/invoices.

- Fuel quantities delivered on Industrial, Environtaand Manufacturing
division sites.

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

Internal audits

Since being a CRC participant, the company is requio conduct internal audits at
regular intervals. As with the evidence pack, CR(&s do not provide a format for
internal audits. An internal audit process wasdfwe developed for the company to
match key requirements of the scheme, such as:

- to ensure the accuracy of information that is stiteahito the Environment
Agency;
- to bring relevant energy information to the attentof senior management.

It was proposed that the CRC Manager would be redub conduct internal audits.
These audits involve scrutiny of data accuracyamglring the required inputs to the
evidence pack. The audit certificate is then sigogdhe Divisional Senior Officers.
A sample audit sheet, as developed for the compsugyyen in Appendix 26.

2.6 CRC Financial Impacts

In previous sections of this chapter, the impactshsas systems and procedural
requirements for CRC have been discussed as regoireomply with the mandatory
scheme. However, it was also found important toeustdnd the financial impacts of
the scheme, since after the removal of revenuecliegy financial impact is the main
driver for carbon reduction. The research on CRionted in section 1.2 showed that
the financial impacts of CRC had not yet been qtiadt

Before discussing the various carbon reduction dppdgies, it is helpful to
understand the financial impacts of the schemeu#ber of areas where CRC has
introduced additional costs to a participant orgaton are discussed in the following
sub-sections.

Allowance purchase

As identified in section 1.2, each participant isquired to purchase carbon
allowances on the basis of their annual CRC emissidAs the sale of CRC
allowances was delayed after the initial reviewtloé scheme, the first year of
allowance purchase was 2011-12, and the proposedrcallowance price was £12
per tonne of Cge.
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Based on the company’s energy use in 2008 (Intenlie AG, 2010), the energy
supplies included in CRC were used to provide tatese cost of CRC allowances to
the company. Table 7 shows the company’'s CRC é&iginergy supplies in 2008
when converted into CQOequivalents using the CRC emission conversionofact

(Appendix 28).

Company’s CRC 2008 utilisation CQ, conversion CO, emission in
Eligible Supplies factor tonnes
in 2008 (1 tonne = 1,000 kg)
Gas Ol 4 ,558,68Qitres 2.762kgCOy/litre 12,591.07
Kerosene / LFO /| 1,048,208itres 2.532kgC0y/litre 2,654.06
Heating Oil
Electricity 10,640,13%Wh 0.541kgCO,/kWh 5,756.32
Gas 533,76%Wh 0.1836kgCO/kWh | 97.99
A. Grand total 21,099.44
B. CRC Allowance Price (£ per tonne of §O£12.00
Total CRC Allowance Cost ( C = A x B|)£253,193.28
CRC Allowance cost for 90% of above emissions (90@) | £227,873.95

Table 7: 2008 supplies under scope of CRC.

It was identified that if the company emits the sammount of CRC eligible
emissions in 2011-12 as in 2008 then their totatto purchase carbon allowances
will be £253,193 for the year. It should be notedttthis figure does not exclude the
10% excess residual supplies, which can be excluftdt using the 90% rule
(Section 1.2). If 10% of the emissions are dedutitea the 21,099.44 tonnes of @O
referenced in table 7, the CRC allowance cost duged from £253,193.28 to
£227,873.95 as shown in table 7.

Cost of man-hours to meet individual responsibiliti esin CRC

Another source of additional cost to the compang tuCRC is the cost of the time
of employees, who will take part in various taskthe scheme. This cost will depend
on factors such as employee salary and the timereghjcarrying out the tasks.

Employees’ salary

Due to data confidentiality issues, access to ‘eyg®¥s wage statistics’ was not
possible as required to calculate the actual cbshe@ CRC-related person-hours.
Instead, lower and upper salaries costs were dautajinterview 3, LM, 2010), as
given in table 8 and table 9.

Expected time requirements

While the time that any CRC team member might tikearry out a specific CRC
task is highly variable, based on observation oCGBam members, the data of table
8 and table 9 was determined.
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CRC Team Expected time Annual salary | Man-hours cost
Member requirement (per (lower band) for CRC (per

annum) annum)

Mandatory Team:

Senior Officer 1 week £100,000 £1,923.08

Primary Contact 1% week £100,000 £961.54

Secondary Contact Y, week £100,000 £480.77

Account Y week £40,000 £384.61

Representative

Organisation

Specific Team

2 x Divisional Senior| 2 x ¥2 week = 1 week £80,000 £1,538.46

Officer

CRC Manager 3 months £30,000 £7,500.00

Online Account Y week £40,000 £384.61

Manager for CRC

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

Purchase Ledger

Clerks

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 Expected time Annual salary | Man-hours cost
Member requirement (per (higher band) for CRC (per

annum) annum)

Mandatory Team:

Senior Officer 1 week £180,000 £3,461.54

Primary Contact 15 week £180,000 £1,730.77

Secondary Contact Y, week £180,000 £865.38

Account Y week £80,000 £769.23

Representative

Organisation

Specific Team

2 x Divisional Senior| 2 x ¥2 week = 1 week £150,000 £2,884.61

Officer

CRC Manager 3 months £50,000 £12,500

Online Account Y week £80,000 £769.23

Manager for CRC

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

Purchase Ledger

Clerks

1 x Accountant 1 day £80,000 £307.69

Total annual cost| £30,211.53

Table 9: CRC man-hours costs — higher band.

LATION ON PARTICIPANT ORGANISATIONS
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Cost of Early Action Metric

To achieve a good score for the CRC ‘Early Actioetit’, the company adopted
both suggested initiatives, which were Carbon T&tandard accreditation and AMR
metering. The costs of these initiatives were Hdevis.

Carbon Trust Standard (or equivalent)

The company achieved Carbon Trust Standard acateditin 2009. Though the

company paid £12,000 for the ‘Assisted Certificati@.e. assisted by a third party

consultant), it was expected to pay at least £8{0Qbe issuer every second year to
recertify. Therefore, the annual cost of the stathdzan be taken as £6,000 for
assisted certification, and £4,000 for non-assistedification. The costs of the

person-hours required for Carbon Trust Standarde@uivalent) related tasks have
already been included in the total CRC person-kosts, as given in table 8 and table
9.

AMR Metering

As AMR meters were installed at the company to tdidee benefit of CRC’s Early
Action Metric, there was an annual cost to be paithe meter operator (Dataserve)
for the operation of meter and online data servidé® annual cost of these meters
within Barr was £1,606 (Interview 3, LM, 2010) asnsnarised in table 10. In
addition to this service, the company had also eho® remotely monitor the
electricity consumption of its half-hourly meteredes, using the same Dataserve
platform; for this service the company paid an addal sum of £2,293 as
summarised also in table 10.

Meter type and services Unit cost | Number of meters | Total
(A) (B) (AxB)

AMR  Annual Meter  operation,£146.00 11 £1,606.00
Communication, Lease & Maintenance
Charges
HH Meter Annual Meter operation &£254.80 9 £2,293.20
Communication charges

Total charges| £3,899.20

Table 10: AMR metering costs

Cost Type Annual Cost
Digital certificate for Account £35.00
Representative
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 schesgestration and subsistence costs
(Environment Agency, 2012); these are presentéabile 11.

Total Financial Impact

Based on the costs identified above, the totahftred impact of CRC on the company
was estimated. Due to the assumptions involvedhduhe cost identification process,
lower and upper CRC cost values are given in thble

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 — £4,000.00 £6,000.00
Carbon Trust Standard
Early Action Metric — AMR | £1,606.00 £1,606.00
Metering
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 enegggummarised 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 Finah&ccountant, Barr Limited,
19-Apr-11, **source: email communication with SRpGp Financial Accountant,
Barr Limited, 22-Feb-12)

Based on these data, an annual energy spend @800 and assuming the CRC
minimum and maximum annual costs as shown in taBleit was concluded that
there will be an extra 5.06% to 5.85% cost to thagany due to CRC.

Cost of non-compliance

If a CRC participant fails to meet its legal respbilities in the scheme, punitive
fines may be imposed. The details of these finesgaren in appendix 4, obtained
from the CRC’s latest published consolidated gutgaiiznvironment Agency, 2012).

58



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

Sensitivity Analysis

To establish a final tentative, the elemental bdeakn of table 14 was assumed.

Cost Type Cost Profile Maximum Annual Cost
(% of total)

Allowance Purchase Covering 90% £227,873.95 (87.91%)
emissions

Man-hours Average of minimum | £24,076.91 (9.29%)
and maximum

Early Action Metric — Non-assisted £4,000.00 (1.54%)

Carbon Trust Standard certification cost

Early Action Metric — AMR | Cost is constant £1,606.00 (0.62%)

Metering

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 stieoma the purchase of allowances
and the cost of employee time.

Allowance price

As shown in table 14, it is estimated that Barr lddoe liable to pay a significant
amount of money (i.e. £227,874) to purchase cadbomances in a year for its 90%
emissions (i.e. 21,099.44 x 0.9 = 18,989.50 torufe€0,). If the price of carbon
allowances change, it will impact the overall cosSCRC to Barr. For example, based
on the above information, if the price of the carladlowance rises to £15 per tonne
of COse in the next CRC year, this will increase theltbtencial cost of scheme to
£212,500. Table 15 shows the impact on the compénlanges in the carbon price.

CRC Allowance CRC Allowance Overall CRC Impact on overall
Price Cost to the costs for the CRC costs for the
company company 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 prie

However, since the price of allowances is driverth®y market mechanisms, and not
by an individual CRC participant, the company cariake steps to directly reduce it.

As mentioned in section 1.2, if the CRC consultapooposals are implemented then
there should be 2 sales in each year, a low paleand a comparatively higher price
sale thereafter. Since the proposals were not imgréed by the end of this research,
and the price difference between low price and tpgbe sale was unknown, no
analysis was carried out in this regard. Howevewas identified that participants
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with good energy management will receive the ingenas they can ascertain their
total emissions rapidly and therefore buy allowaraiethe lower price.

Carbon reduction

As shown in table 14, 88% of the cost of CRC wilisa from the purchase of
allowances and the number of allowances to be psezhis dependant on the carbon
emissions by the company during a CRC year. Therefeducing carbon emissions
will reduce the cost of the allowances purchaseabld 16 shows the impact of a
change in the company’s carbon emissions on its Co¥ts.

% Change | Carbon CRC Allowance | Overall CRC | Impact on
in Carbon | Emissions Cost to the costs for the | overall CRC
Emissions | (tonnes of CQ) | company company 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 emésons

Person-hours costs

An increase in person-hour costs may occur due rtoingxperienced person
conducting a task, or an unexpected bottle-nedjeiting information from external

sources. However, since the person-hour costsigelyg proportional to the effort of

CRC team members, a well-designed information systan result in a significant

cost reduction. Table 17 shows the impact of charigethe person-hour costs on
overall CRC costs.

% change in Man- | Total Man-hours Overall CRC Impact on overall
hours cost cost costs for the CRC costs for the
company 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 persomshotiindividual responsibilities
could be reduced by implementing an informationtesys the features of such a
system were researched and the outcome presergedtion 3.2.
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2.7 Chapter summary

In this chapter, the impacts of CRC on a partidigampany were analysed. Through
observation and interviews, it was identified thlaére are a number of systems
already present in the company providing informatielated to energy. Initiatives

such as Carbon Trust Standard certification and AM&ering had already been
taken by the company to achieve a good score ®rGQRC’s early action metric.

However, it was established that the company sidjuired improved systems and
procedures to completely meet its liabilities ie tbRC scheme.

The financial impacts of the scheme have been sedlyn this chapter and this

identified that the main significant cost in CRCsathe cost to purchase allowances.

The second major cost was the cost of the persosfif@it required to meet the
company’s obligations under CRC. It was identifiedt the scheme will add an extra
5.06% to 5.85% cost to company’s existing energsco
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3 SYSTEMS & PROCEDURE

As identified in chapter 2, the company requiregroved systems and procedures to
meet its liabilities under the CRC scheme. Thisptrapresents the development and
implementation of the required systems and pro@ufhe chapter also includes
information on the corrective actions that wereetalafter implementation. At the
chapter's end, the characteristics of an infornmBgstem 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 enablallkbcation of CRC costs to
specific company activities and identify the mowptiMformation required for CRC
reporting (snapshots of the tool are presented ppefdix 25). The tool has the
following features.

- Records supply characteristics such as half-gpAMR metered or non-half-hourly

supply on all electricity supplies.

- Records if a supply shows Estimated or Actualscomption to enable a 10% uplift
to be applied where appropriate.

- Records the profile type of a supply to identffit is residual or business operation
related.

- Provides the monthly CRC costs for all major sitlor each division and for the
company as a whole.

- The carbon footprint is recorded over a CRC year April to March).

- Due to the flexibility of the spreadsheet apphgasupplies may be discounted if
excluded from the CRC scheme.

- Includes Derv and Petrol record.

In addition to these features, a summary repoirtdkided, which provides the final
information that must be submitted to the CRC egitor annual reporting. A two-
step exclusion is possible: to fuels that are dsicope of CRC (e.g. transport) and to
residual supplies that are additional to the regLi®0% residual percentage.

Figure 10 shows the updated flow of informatioth&t company. Business travel has
not been included due to being only 0.21% of thenmany's carbon footprint
(derived from figures shown in figure 8. sectior8)2but requiring significant
compilation time due to the multiplicity of inforrhan sources.
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Figure 10: Energy information sources — updated

63



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

CRC Team

The CRC Team was set up as proposed and a managémeh focus group
established to monitor the company's CRC perforrmaand agree/implement
mitigation opportunities. The focus group comprisedimpany employees with
authority to approve and implement the project, andstrategically 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 implementedoaoposed, the following issues
were identified after implementation.

- The existing CRC procedure shows the tasks thatexeired to meet the
requirements of CRC. It will help to allocate tsources if the time required
for each task is also known. Based on CRC Managepgrience of carrying
out the tasks, the ‘effort time’ for each task ddolbe included in the CRC
Procedure.

- By categorising the CRC tasks in the CRC Procedureyill help in
identifying which tasks relate to which of the regments in CRC scheme. It
was appreciated that the tasks need to be catedotts provide a better
indication of their relevance to the requiremerit€RBC.

- The task related to the ‘collection and populatdrfuels data for Industrial,
Environmental & Manufacturing divisions’ should beheduled later in the
month (after the'd week) since the confirmed invoices for the pregsimwonth
are only then available.

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

- It was scheduled to check the CRC Performance leedgble publication in
late September but, as observed, this cannot bksped before November
due to the surrender of allowances being requinethb end of September.
The check should instead be scheduled for late ibee.

- Since the surrender of allowances is now requingtieé end of September, the
tasks involving these should be moved to latehengrocedure.

Based on above observations, the procedure wadeadp@available in Appendix 27-
B) using the research outcomes. There follows #yedkhanges to the CRC procedure.

- The tasks have now been categorised, as
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Data download/duplication

Internal communication

External communication

Internal audit

Evidence Pack update

Tool update

o Data analysis & reporting

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

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

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

O 0O O0OO0OO0Oo

CRC Evidence Pack

The evidence pack was prepared as proposed. Th&ioda managing directors
review and sign the audit certificates, and alse mmain page of the hard copy
evidence pack, every 3 months. The hard copy fdeghe following bills/invoices
were set up, as proposed, to improve record keepmdjthe respective administrative
assistants were given the responsibility to mamntand update these files on a
monthly basis:
- fuel quantities delivered to Industrial, Environrt@nand Manufacturing
division sites;
- electricity and natural gas bills for Industrial, nBfonmental and
Manufacturing division sites.

CRC Internal Audits

Internal audits were being conducted as proposee. tO availability of hard copy
folders for fuel invoices and the set-up of an dn@t-based folder for the
Construction Division’s electricity and gas billke time required for auditing was
reduced. This reduction in time requirement wassi®red 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 associatétl individual responsibilities in a
CRC participant organisation are significant. Itsweypothesised that these costs can
be reduced by implementing an IT information systéine characteristics of this
proposed CRC Information System are discussedsrs#ction.
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- Sources of information

The basic information required by the company foe assessment of its CRC
gualification as well as the annual and footprigparts and evidence pack are
presented in table 18. This table has been dewtlamethe basis of following
information

- The categories in the table have been identifieftlasvs.

o Energy sources (electricity, gasc) were identified initially through
interview (Interview 1, AG, 2010) and subsequebtymonitoring.

o0 ‘Communication with Environment Agency’ was idergd from the
CRC Evidence Pack requirements.

0 The remaining categories were identified throughens of the CRC
scheme (section 1.2).

- Information under the columns ‘Required Informatjoil®RC Qualification
Assessment’, ‘CRC Annual/Footprint Reports’ and CRvidence Pack’ was
identified through review of the CRC Scheme (secfid)

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

Category Required CRC CRC CRC Information
Information | Qualification | Annual / | Evidence| Source/s
Assessment | Footprint | Pack
Reports
Electricity Site Name Electricity Bill /
|ZI |ZI Annual
Statement /
Dataserve
Supply Type Electricity Bill
wyTwel M | M | O y
Settled / Supplier
Non-settled |ZI IZI
Consumption Electricity Bill /
(kWh) |ZI |ZI |ZI Annual
Statement /
Dataserve
Estimated / Electricity Bill /
Actual Annual
|ZI |ZI Statement /
Dataserve
AMR / Non- |Zl Iz[ Electricity bill
AMR & Dataserve
Supply Installation /
installation / Termination
termination |ZI |ZI letter
records
Gas Site Name |Z[ |Z[ Gas Bill /
Annual
Statement
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Meter type |ZI Supplier

Consumption Gas Bill /

profile |Z[ Annual
Statement

Consumption Gas BiIll /

(KWh) V] Annual
Statement

Estimated / Gas Bill /

Actual |Z[ Annual
Statement

AMR / Non- Gas Bill

AMR |ZI

Supply Installation /

installation / Termination

termination letter

records

Gas Oil Site Name Monthly site /

report / Invoice

Consumption Monthly site /

/ Delivery report / Invoice

(litres)

Estimated / Monthly site /

Actual report / Invoice

Kerosene Site Name Monthly site /

report / Invoice

Consumption Monthly site /

/ Delivery report / Invoice

(litres)

Estimated / Monthly site /

Actual report / Invoice
LFO / Burning | Site Name Monthly site /
Qil report / Invoice

Consumption Monthly site /

NN NNNNRNNNN

NINNN NN RNNNNANNA N AN

/ Delivery report / Invoice
(litres)
Estimated / Monthly site /
Actual report / Invoice
Derv Consumption Monthly site /
/ Delivery report / Invoice
(litres) | FuelTek
Organisational Organogram
structure
Internal data Audit
audits certificates
Employees Accommodation
Accommodation |ZI agreement
supplies liability
Residual RML
supplies |ZI
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PFI supplies |Zl IZI PFI contract
liability terms
Early Action AMR Dataserve/AMR
Metric installation |Z[ IZ[ agreement
record
CT Standard Standard
or equiv. |ZI |Z[ certificate
Evidence
Standard’s Standard
emissions certificate /
coverage |ZI IZ Audit report
boundary
Standard’s Standard
period of |Z[ |Z[ certificate
coverage
Growth Metric | Annual Finance report
turnover of
the whole |ZI |ZI
group
Communication Emails, letters
with
Environment |ZI
Agency

Table 18: CRC Information System - Information table

The Information System for CRC must be capablea&ing information from the
above-mentioned, diverse range of sources.

- Manual entered / AMR energy consumption informati  on

The energy usage information for different sites waailable in different formats. As
in 2010, the company had 26 permanent sites, andmforary construction division
sites. Of these sites, there were 9 with half-hoaléctricity meters and 8 with AMR
electricity meters. The remaining 12 permanenssteounted for less than 1% of the
company’s total electricity consumption, and theansumption was available as
monthly or quarterly electricity bills. There weaaother 17 temporary sites (within
the construction division) where the company wamibliable for the electricity use.
The electricity usage at these sites was only oszbfrom monthly or quarterly bills.
4 sites had gas supplies, with consumption infolematlso available only from
monthly or quarterly bills. Liquid fuels informanowas also recorded from invoices:
this provided the quantities of fuel delivered eathhan consumed, but this was
identified as the easiest approach acceptablenmstef CRC requirements.

The CRC information system (CRCIS) should be capabinterfacing with the half-
hourly meters, AMR meters and electronic fuel ngtand should also provide a user
input mechanism, such as forms, where the energgeudata for both monthly and
guarterly billed sites can be entered into theesyst
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- Conversion into emissions

The CRCIS should be able to convert the energyauggres into equivalent carbon
emissions and be able to accept tt®,e conversion factors suggested by the
Environment Agency for CRC (Appendix 28).

- Residual percentage exclusion

The CRCIS should provide the ability to excludeginor multiple sites accounting
for 10% of the excludable emissions. This featullenat be required if the proposal
to remove the residual percentage rule, introducedhe 2012 consultation, is
approved.

- Manually entered supply characteristics

The CRCIS should record the characteristics of sagiply, such as type, settled/non-
settled, estimated/non-estimated, AMR/non-AMR ftecticity. For gas, it should
record the meter type, consumption profile, AMRARIVIR and whether estimated or
actual. For other fuels, it should record whethee tlata is estimated or non-
estimated. For CRC qualification assessment anghfiot/annual reports, the CRCIS
should be able to sort the supplies on the bassupply characteristic as well as
separating out core and residual supplies.

- Storage of records

The CRCIS should be able to store the records medjdor each of the following
categories, and any other categories that may éetiiiégd later, in a universally
readable electronic format. This information widrgice 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 infolonadi a frequency that facilitates
annual reporting. The CRC year runs from April tar®h and reports are required to
be submitted by the last working day of July. Fopioved energy management, the
system should be able to record information on athig basis. Such information
may also help in
- reporting for Carbon Trust Standard (or equivalew)ich requires calendar
year information;
- allocation of CRC costs to operational sites amistins where the costs can
be accrued on a monthly basis.
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- Allowance purchase

The CRCIS should be able to determine the numbelofvances that need to be
purchased to meet the regulatory requirement. ifificdmation can be obtained by
calculating the company’s emissions in tonnesCofe after meeting the residual
percentage rule.

- Task reminders

There should be a feature in the information systerallocate responsibility, to a
person or group, to enter data. The CRCIS shouldbbe to email task reminders to
such people or groups, with reminders based onitheline identified in the CRC

procedure (Appendix 27-B).

- Changes to CRC in 2012 Consultation

If the changes proposed in the CRC 2012 consulta(DECC, 2012) are
implemented then the following adaptations of thRQTIS specification will be
required.

- The system will not be required to separate the 1@8iual supplies as no
footprint report will be required to be submitted.

- Domestic Electricity supplies (Profile Class ‘0Hda’02’) and Gas (non daily
metered and having supply of 73,200 kWh per annulass) will be excluded
and their monitoring will not be required for CRC.

- The use of Gas Oil and Kerosene will be requiredeseparated in terms of
their end use. For example, if the company usedithe's of Gas Oll, it will be
required to record how much of that has been usetidating and how much
for power requirements.

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

- CRC cost allocation

A key requirement in a complex CRC participant aigation is to allocate the CRC

costs to individual sites. From monthly energy @sagormation, the CRCIS should

be able to provide a site’s monthly carbon footpand CRC cost. The monthly

carbon footprint of each site can be used to ol#a@RC cost for the month to that
site. These costs can be accrued on a month byhnbasis through the company’s
Finance Department, instead of charging full ye®@RC costs to a site at the end of
CRC year. This will avoid a financial burden onleade at the end of CRC year, and
also increase awareness in Site Managers about €&@R(S, 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 atetitéy level, through metering
entities such as crushers, coating plaits As discussed in the transport reporting
system case study (Section 5.7), monitoring indigldentities can significantly
improve energy management by helping to identié/rsason of energy wastage.

- Information for monitoring & verification

As will be discussed in Chapter 5, the monitorimgl aerification by the CRCIS of

implemented carbon reduction opportunities is nesmgs An opportunities database,
with accompanying MACC/ERIC plotting, should beluded in the CRCIS, with a

feature to compare the initially anticipated antuak performance of implemented
opportunities.

- Overall reduction and savings

Through monitoring and verification of implementeakbon reduction opportunities,
the CRCIS should be able to generate the reportarbbn reduction, energy savings
and energy cost savings over any arbitrary peridone.

- Integration with other information systems

The CRCIS should support interfacing with otheomfation systems to ensure that
relevant information held elsewhere can be readldtained. Interfacing with sales
and production information systems, for exampld| amable the determination of
key performance indicators such as kWh per tonneupport of benchmarking
exercises. Identifying the energy cost per unpmduct also enables the company to
transfer the CRC costs to the customer where apptep

3.3 Chapter Summary

In this chapter, new and improved systems and proes were implemented at the
company to work in line with some existing systetmscompletely meet the CRC
liabilities. In addition to the proposals in chapt®, support actions were also
undertaken such as the setting up of a CRC fooogpgand the implementation of
revised CRC procedures. In this chapter, the cheniatics of a proposed information
system CRCIS (CRC Information System) were alsatitied based on the learning
stemming from the work reported in chapters 1 tgho8.
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4 CARBON REDUCTION OPPORTUNITIES

The impacts of CRC on Barr were discussed in ddtailchapter 2. Various
information and procedural requirements were dbeedrihat a CRC participant must
meet to assess its qualification for the scheme tandtay compliant within the
scheme. In the financial impacts analysis secitonas identified that the impacts of
CRC are not only derived from information manageteamd evidence keeping; a
participant organisation must also reduce its gadraissions while a major source of
CRC cost is the purchase of allowances on the hafsithe company’'s carbon
emissions. In addition to fuel price rises, markeimpetition and stakeholder
pressure, CRC introduces another driver to redadsoo emissions and energy costs.
Since all companies operating in a particular ge@te not liable to CRC, those who
are participating risk losing competitiveness iritlsectors if the CRC costs are not
driven down.

This chapter includes the identification of thebmar reduction opportunities available
at Barr and the development of management supp@otmation (in the form of
MACC and ERIC curves) on the basis of data coltbeteout these opportunities, and
then the development of a new CALORIC (Carbon Alnatet Low Risk Investment
Curve) curve to address the issues identified imgusMACC/ERIC curves. The
chapter also includes the response from the CRGicipant company to the
information inherent in these curves.

The following approach was used to assess and imgple the carbon reduction
opportunities at the company.

- Establishment of an energy/carbon baseline.

- ldentification of carbon reduction opportunities.

- Use of MACC and ERIC tools to analyse opportunities

- Development and use of CALORIC tool to analyse opymities.

- Implementation of opportunities based on orgarosaspecific criteria.

4.1 Establishment of energy / carbon baseline

Chapter 2, table 4 showed energy consumption datBdrr in the CRC qualification
year 2008. In terms of carbon emissions, thesedgwere graphically expressed in
chapter 2, figure 8, derived on the basis of comjgar2008 carbon footprint
breakdown (Interview 1, AG, 2010).

The energy usage figures, by source, suggest gk togarget reduction in the use of
Gas Oil, Derv, Electricity and burning fuels (Keeog and Coating plant fuels /
LFO). In terms of costs of fuel usage, which alfiec the competitiveness of the
organisation, figure 11 shows the breakdown ofsastong these energy sources as
in 2008.
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Figure 11 shows that the biggest proportions ofggneosts are associated with Derv,
Gas Oil and Electricity consumption. Therefore,hbot terms of carbon emissions
and energy costs, the use of these energy souroesle substantial opportunities.
Though Derv is not included in the scope of CRCisitvital to include it when

developing long term strategies and carbon redugaals.
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To elaborate the opportunities, available inforomativas used to identify division
specific emissions at Barr. This information praddnsight into areas that need to be
tackled for reduction in carbon emissions.

Figure 11: 2008 energy costs by fuel type

17%

10%

6%

@ Quarries

m Surf & Civils

O Precast & Steel
O Environmental

m Construction

Figure 12 suggests that energy consumption in (@safi.e. Aggregates sector)
should be focussed on since this accounts for balthe organisation’s total

emissions.

Figure 12: Pie chart: Carbon emissions by division
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Based on the available information, a realistigeaof 15% reduction by 2018 from
the 2008 base level was set by the company whidnasthat 4,281 tonnes of @O
were to be reduced in the 10 years from 2008.

4.2 ldentification of carbon reduction opportunitie S

The carbon reduction opportunities within the comypanclude the opportunities that
were previously identified and a further 10 iddaetif during the course of this
research. A spreadsheet tool (Somar, 2010) wastetldpr use to prepare MACC
curves. The opportunities were as follows.

Previously identified opportunities

At the start of the research, there were threeggnsaving opportunities, that the
company was considering for implementation, as¥edl.

IT Server Room

It was proposed by the company’s Information Systéftanager to introduce passive
cooling of the server room with the recovered hesed in the adjacent stores.
Appendix 29 provides details of this proposal.

A spreadsheet was developed to analyse the wviabilithis system (Appendix 9),
which indicated that this option would result inegluction of 43.7 tonnes of G®per
annum.

Vertical Bitumen tanks

Bitumen tanks are used at Barr's Asphalt/coatingntsl to store the bitumen at
desired temperatures. Depending on the grade ombit, it must be kept between
15°C and 186C to ensure that it does not solidify and mixeseffiely with
aggregate during the production of Asphalt and rolfieiminous products (Personal
communication with GK, Quarry Manager at Tormit¢lH@uarry, Barr Limited, 01-
Mar-2010).

Traditionally, horizontal cylindrical tanks wereeaasto store the bitumen. However,
vertical tanks are now becoming more popular bexdhsre is less surface area
available, resulting in reduced oxidation. Vertitaiks also provide a higher capacity
to hold the bitumen safely (Personal communicatuith AG, Engineering Manager,
Barr Limited, 01-Mar-2010).

A spreadsheet tool, developed by the Energy SysRasearch Unit at the University
of Strathclyde for Cormac bitumen tanks was useohdolel the benefits of possible
replacement of Barr's existing bitumen tanks witbctrically heated vertical tanks
(Appendix 10). On the basis of results from thigltat was proposed to replace two
existing 52.8 M horizontal cylindrical tanks with Cormac’s 77 wertical tanks; and
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to replace the 46.8 hiorizontal square tank with a 55 @ormac tank. An additional
spreadsheet (Appendix 11) was developed to prepamesiness case for cumulative
costs and potential savings. It was estimated #ta cost of £161,387, such tank
replacement can reduce @Oemissions by 222 tonnes at a saving of £36,183 pe
annum.

Coating plant burner replacement

Burner replacement (or optimisation) can resulsignificant savings in a coating
plant's energy use. Using a Vulcan burner, Cemes heduced its energy
consumption of its asphalt plant by over 20% (Huen1).

A burner replacement was proposed for Barr's Queoating plant. The plant needed
a burner replacement as it had significantly pa#seprojected lifetime (Interview 2,
AG, 2010). The cost of replacement was quoted &3,008. For a projected
production of 20,000 tonnes per year, and achieaisgving of 1.5 litres per tonne of
fuel, a reduction of 83.45 tonnes ab,e is expected per annum (Appendix 16
presents the business case calculations).

New carbon reduction opportunities

These opportunities were identified through thelymis of data obtained from a
number of sources such as existing metering, siteegs and existing information
systems, which will be discussed in detail in thikofving sections. The opportunities
include a mix of renewable energy deployments anraulgy efficiency measures.

- New opportunities on the company’s most energy tansive site

Killoch is the main depot of Barr Holdings, beirigethead office of Barr’s three main
divisions, which are Barr Industrial, Barr Enviroemal and Barr Manufacturing.
From the company’s 2008 carbon footprint (InterviewAG, 2010), it was identified
that this site was the highest electricity consigrsite of the company, accounting for
15.34% of company’s electricity consumption.

As identified later in by the company’s CRC footpriool, which was developed
during this project, the carbon intensity of thenpany’s sites in CRC year 2011-12
was as presented in table 19.

The following step-by-step approach was taken amtifly the opportunities at the
site.

- Analysis of the site’s main meter half-hourlyatlecity data.

- Analysis of sub-metered data.
- Site surveys.
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Site specific carbon emissions (Apr-11 to Mar-12)
CO, emissions

Division Site (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-meterslogh depot can be divided into 6
areas, which are a main office building (locatidngand 4 in figure 13), IT office
(location 3), fabrication workshop (location 5 al{l, ready-mix concrete plant
(location 19), coating (asphalt) plant location 18,and 18), and garage (location 2
and all of the brown area).

Analysis of half-hourly data
To understand the electricity consumption at Kilogepot, half-hourly electricity

data was sourced from the Dataserve Web-basedrsy$tble 20 presents the daily
electricity consumption for the month of Februa@ia.

76



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

Eu:NNNNNRNAERANRAREGEE B 0 0
PELPEETIRIEITENRINRE 7 8 [ 2
THA I I TE L
gag gggggﬁigiiiﬁiﬂg i ; ?
h L.
v

ot 3
% 0:0. >
TR K B X
. RO €00

P
‘)”\\ ’." <2
FCSAK Keixs

AN

o

lodea Yoo|H
JJOQq

Figure 13: Killoch Depot
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Date kKWh 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 Weeke®tksctricity consumption over
3,000 kWh on a Saturday or Sunday indicates thatottse load of this site is over
60%, which is typically high. As observed, therenmmally only one person (the
security guard) present on site 24 at all time® dtating plant or concrete plant may
be operated part-time at the Weekend in case afi@eased product demand. Table
20 shows less reactive load on some Saturdays lai®lurdays in February 2010.
This is due to zero usage of concrete and coatiagitg) as confirmed by the sales
team (personal communication, 15-Mar-2010). Figd#e shows the electricity
consumption (kWh) for February 2010 over the 48-halrly periods, which clearly
identifies the issue of high base load at night.

Sub-meters data analysis

To understand the electricity consumption at Kilazpot, data sourced from manual
readings of the sub-meters was analysed. The én&tibrs (of type Carlo Gavazzi
EM25-96) were manually read and the data analysed gustom spreadsheet (Figure
15). The aim was to understand the specific el@ttrconsumption of each of the 6
units during and outwith working hours (7:30 a.m5tp.m.) and at Weekends.
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Figure 14: High base load
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Meter readings were taken 5 times between 10 aan21April 2010 and 10 a.m. on
22 April 2010. The electric load identified duritigese periods is shown in table 21.

Electric Load (kW)
Between 10 Between 2pm | Between 4pm | Between 7:30am
Location am and 2pm | and 4pm and 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 15 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 electricty data

The high electricity load in the coating plant isedo bitumen heating programmed to
switch on at night. As the servers at Killoch rumstantly, the IT office load remains
essentially constant 24 hours a day. However, asom 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-meteréeckicity data, it was identified
that the base load of the site was higher thanat&gdeand that there was a need to
identify entities that might be switched off to vee this load. To identify these
entities, day and night time surveys were conducdkesurvey sheet was designed for
this purpose as shown in figure 16. Support wasrglw the company’s electrician to
help identify the power rating of each energy conisig entity.

Table 22 shows the survey results, which indictitasthe high night time load in the
main office and garage is due mainly to IT equipimkghts and heaters being left on
overnight.

Possible energy saving opportunities were idetiéis:

- installation of plug-in-timers to confine availalgewer to working hours;
- replacement of luminaries with energy efficieneatiatives.

As observed during the surveys, the site offereacsdor possible wind or solar
installations as an approach to reducing carbors®ams. It was therefore proposed
to investigate the feasibility of the following tewlogies.

- solar photovoltaic (PV).
- wind turbine.
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Electricity Audit

IZone: Earrﬂe Annual - 1~2.49 KW
Working hours IWorkmg days pence/kWh (day] 2.5~ 10 kW
Occupants Folidays pencelkWh (night] >10 KW
Infilration Off-hours weekdays KWh saving (cay) 0]
Insulation (Off-hours holidays |kWh saving (night) 0](only considering yellow boxes)
[Total off-hours (day) |Esaving 0
Otal off-hours (night) |
[Type Model |Ql¥ Gty night JRating (W) [Rating kW Night [Total kW [Night Total kW |Normal/Standby
Lights
[Tubes
[Tubes
[Spots
[Security lights
[Any other
Computers
Laptops 2072 wats?
Deskiop 100/10 watls ?
Servers [300/20 waits?
Battery banks
[Monttors TFT 551 watis?
Monitors LCD 3571 watts?
[Monitors-CRT Iso/s watts?
[Docking stations 1
Office Mac.
Printers Printer-Deskjot 20716 watls?
Printer-Inkjet 30/3 watts?
Printer-Laser 400740 watts 7
Printer-Dot malrix 60/18 watls 7
Scanners
[Fax machine 12073 watts?
Combo 2073 wats?
Paper shredder
Projectors |24071 watts?
Paper consumption / day
salcoties mac
assumed)
ne heater (paintshop)
ar-con Standby 10%727
air-con standby 10%77
alr-con standby 10%727
olociric heaters (resistance]
[Wall mounted fans
[Fan-heater
|wall mounted tube-heaters
Fridge
[Hot water (toiletitchen)
Any other mac.
[Compressor (15 kW)
[Washer motor
|m ust fan
Rado
[Vehicle fifing motor
[Vehicle rolling road motor
[Roller door motor
|Extractor fans
110V transformer
[Tyre fitting motors
JGrl
[Welding machine
Plant Equipment
Total 0[kW Total ofkw

Figure 16: Killoch Survey Sheet

Quantity Load (kW)

Garage Total | Night | % of total at night | Total Night | % of total at night

Lights 301 18 598% | 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 | 145 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 ideed that some space and water
heaters were operating when not required.

A spreadsheet tool was established to assesssbdaraplug in timers (Appendix 5).
It was identified that if 10 of the continuouslyhning space heating units were fitted
with plug-in-timers, this would result in a saving £4,950 and a reduction of 27
tonnes of C@ per annum. A programmable weekly timer was preg@oOWL,
2010). It was proposed that, if implemented sudadgsthe use of these PIT units
would be disseminated throughout the company. Hewehere were some issues
identified which will be discussed in Chapter 5te@t5.1.

Energy Efficient Lighting

As identified during the surveys, 17% of the nighte load of the site arose from
lighting (Table 22). This provided the opportuntty replace existing conventional
lamps (high power Sodium-vapor, metal halide andriéscent) with energy efficient
alternatives.

Since LED is a relatively new technology, theréess confidence over its suitability
and reliability in certain environments. It was rt#ar how the LED lights will work
in different working environments, and also if fights really deliver the savings as
claimed. It was therefore proposed that lamps shdwe replaced with LED
alternatives in the vehicle repair workshop, paimbp and car parking area. It was
proposed to undertake a partial replacement torerthat the technology is suited to
the activities being undertaken, and it can delilierenergy savings as anticipated.

Table 23 shows the light fittings as proposed faal treplacement. Appendix 6
provides the technical specification of the LEDntidittings along with results from
the spreadsheet tool as used to analyse quotations.

Existing Lighting Replacement Lighting
Power Power

Location Model (Watt) Model (Watt)
Paint-shop SON 300 | SUN48 64
Workshop Metal Halide 300 | SUN48 64

Twin
Workshop 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 saioh tool (Appendix 7) to
identify the Solar PV potential of the site. Thiglicated an estimated yield of 779
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kWh per kW, installed. The system as analysis correspondethéofollowing
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 modulesanes * 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 suppliessallers for 10 KWp, 30
kWp and 50 kWp systems. A spreadsheet tool waslales@ to analyse alternative
configurations (figure 17), with outcomes as showntable 24. Based on these
results, a 50 kWp PV system was proposed to balliedton the roof of the stores
building at Killoch. As observed during site surseyhis roof (location numbers 12
and 13 in figure 13) was found to be suitableslIsituation at a reasonable distance
from a near-by coal storage site that it was cared unlikely that panel efficiency
would be reduced due to coal dust deposition. Aswe the roof faces a highway, as
shown in figure 18, the possibility existed to makke installation visible to the public
as a marketing instrument. The lower floors of bodding were in minimal use as a
storage area, and only a small portion of the upfiper was being used to archive
files. There was no long term plan to adapt théding to any other use, making it
easier to install Solar PV without affecting anyet operations on site. The roof
construction comprised a concrete post and bearstrc@tion overlaid with 25 mm
insulation and a double-ply bitumen/foil type mak(Personal Communication with
CS, Assistant MD, Barr Industrial, 11-May-2011).

Saolar PV installation:

Total solar power 50 kwvp (Hyundai 250Watt, 1645x583mm)

Total panels required 200 panels

Each kWp cost £2.700 GBP

Total cost £135,000 GBP

Each kWp produces 779 KWh (annual production assumption f FYSY¥ST)

Saving of kgCO2/kWh 0.541 kgCO2/kWWh

Total annual electricity production 38950 kwvh

Total annual CO2 saving 21.07 tonne

Total annaul Carbon tax saving £0.00 CRC Carbon credit cost £0.00 pertonne of CO2
Day time rates 10 pence/kiWh {which is 100% of time)

Night time rates & pencel/kivh {which is 0% of time)

Annual electricity cost avoidance £3,895 GEP (Assuming 100% of generated electricity is consumed by ourselves)
FIT rate 329 pence/kivh {if joined By 31-July-2012)

FIT annual income £12.815 GBP

FIT duration 25 years

Total income (over FIT period) £417,73% GBP

Net profit (over FIT period) £282,73% GBP

Total annual benefit £16,710 GBP

[Pay back period | 8lyears |

Figure 17: Solar PV Business case
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Solar PV system 10kWp ROKkWp BOKkWp 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 schemézss

Figure 18: Killoch depot — Google Maps View

Wind Turbine

As a potential opportunity was spotted during tihe surveys, a feasibility analysis
was carried out for the installation of a wind tadat Killoch depot.

To build confidence in this opportunity, averagenavispeed was identified using
DECC'’s wind speed estimation tool
(http://www.decc.gov.uk/en/windspeed/default.aspi)e average wind speed at 10
m at Killoch was found to be 6.1 m/s (figure 19heTwind data from DECC'’s

database indicated a reasonable potential for wowler generation — Killoch is a

large site (Figure 13) with ample space to installind turbine.

A 75 kW wind turbine (Vestas V17) was proposed by supplier to suit the site
location and available space. To analyse the teahnfinancial and ecological
aspects, a spreadsheet tool was developed (App8hdix

Technical Aspects

To calculate the power captured and annual endgdg, the following formulae was
used:

Peaptured= 1/2Tlngbp'A\CpVS-I-A
Eya = .[ I:)captureddt
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Where;

LATION ON PARTICIPANT ORGANISATIONS

Pcaptured= Captured electrical power from the wind turbine
ng = Generator Efficiency
np = Gearbox / Bearing efficiency

p = Air density

A = Swept area

C, = Power Coefficient

V = Average wind speed
Eya = Annual energy yield

t = time period

in hours

The following data was assumed based on standérdsvased by the supplier.

p =1.225 kg/m3

Cp,=0.59
ng = 80%
Mo = 90%
Ta =90%

WINDSPEED DATABASE QUERY

RESULTS

FOR THE 1KM GRID SQUARE 248 620 (N54820)

Wind speed at 46m agl (in m/s)

75

76

Fik;

74

| 75

..73

Wind speed at 26m agl (in m/s}

6.9

6.6

| 63

6.9

6.6

Wind speed at 10m agl (in m/s)

g
6.2

5.7

Blank squares indicate areas outside the land area of the UK - i & areas at sea or of

neighbouring countries

6

6.1

| 58

|

| 72

55
58

57

Figure 19: Killoch wind speed data

Integration limit was taken ag= O for start andst= 8,760 for the total number of
hours in a year.

As shown in appendix 8, the annual energy yield.at m/s was estimated to be

105,728 kWh.
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However, it was estimated using the same tool théte average wind speed of 6.9
m/s is experienced by the wind turbine at 25 m iag¥jll increase the annual energy
yield to 153,020 kWh, which is an increase of 4584so, if the turbine up-time
reduces to 70%, the annual energy yield will reduc@2% to 82,233 kWh.

Financial Aspects

The supply, installation & commissioning (SIC) co$the wind turbine provided by
the supplier was £120,000. It was identified thahetwork upgrade would be
required, resulting in an estimated £200,000 ofl gionnection cost. The annual
O&M (operation & maintenance) cost was assumecdet@% of the SIC cost, based
on supplier’s experience.

The feed-in-tariff rate available for this size afwind turbine was 25.4 pence per
kWh. For each kWh of exported electricity, anotBgrence was also paid by the grid
operator.

Considering the base load of the site, as showahie 21, it was assumed that 100%
of the generated electricity will be consumed ae.sit was estimated that a total
financial benefit of £31,713 will be achieved vizetfeed-in-tariff and the money

saved in electricity purchase cost. After excluding 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 perper kWh by the connection time,
the net annual benefit will reduce by 13% to £28,5Also, if the site’s average
electricity purchase cost is increased by 10% hitteannual benefit will increase by
3% to £28,959.

Ecological Aspects

In terms of ecological aspects, only carbon emmsssaluction was considered. It was
estimated that at a 6.1 m/s average wind speed,téiines of C@will be reduced
per annum, which will reduce the site’s carbon poot by 1.56% from 2011-12
level. However, if an average wind speed of 6.9 m/gxperienced by the wind
turbine at 25 m agl|, it will result in a reductioh 82.8 tonnes of C§£ which will
reduce the site’s carbon footprint by 2.26% fromw2Q.2 level.

Based on the above analysis, a 75 kW wind turbias proposed for installation at
Killoch.

- New opportunities in energy intensive processes

As shown previously in figure 12, the most enengfgmsive operation at Barr is the
Quarries division (a major subdivision of Indudtridivision). In addition to

aggregates, quarries generally include ready-mmciaie and asphalt production
plant. In a survey conducted under the Energy iefiicy Best Practice Programme,
the specific energy consumption of quarry processesidentified (ECG070, 1998),
with bituminous products (asphalt and other roacepeent products) identified as the
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most energy intensive processes. According to #mlting guide, the average
specific energy consumption of quarry productssistzown 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 cogtemtiucts, transport is a key aspect
to target due to its significant share in Barr'smgy use. As shown in figure 8 and
figure 11, in 2008 diesel use at Barr accounted2&f# of the company’s carbon

footprint and 46% of the company’s energy cost.

On the basis of these data, opportunities for gieagoon 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 durir@@26 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: Fuelte&fsvare at Barr Limited, 2010)

Excluding the fuel used by external hauliers tovéelBarr’'s products, the total Derv
used by the company’s own vehicles was around @&#ed on the company’s 2008
carbon footprint, the company used around 2 milliwas of fuel in its own vehicles.

Software | Purpose Database
FuelTek | Records diesel usage, diesel cost andnoles for | SQL

all company owned vehicles.
QR3 Records sales, delivery miles and deliveryscfust | SQL
company owned and external haulage vehicles in
Barr Quarries.

LS3 Can be used to record intake quantity of wimste | SQL
Barr Environmental, and also the delivery miles and
delivery costs for waste transferring vehicles.
CO5 Records sales, delivery miles and deliverysctust | SQL
company owned and external haulage vehicles in
Solway Steel and Solway Precast.

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 @ae Table 27), which recorded
data related to transport fuel, including the qitiest of products which were
delivered associated with this fuel use. Brief detaf each IT system are presented in
table.

It was proposed to develop a reporting system baseshformation available from
these systems. The data as required from thesgst&€mss was proposed to be routed
to a data warehouse, from where it could be souwegnerate management reports
in the required format. The required inputs andpotg of the reporting system,
summarised in Figure 20, were discussed and agvitedhe company.

FuelTek Report
Vehicle reg, vehicle \
type, division, total
miles, litres, fuel
costs, date

QR3

Vehicle reg, vehicle
allocation, delivery

miles, delivery . .
tonnage, date miles, litres, mpg,
kgCO2, kgCO2/mile,

LSS. - ::> kgCO2/ton, utilisation
V?h'de reg, delivery factor, contribution/mile,
miles, delivery

contribution/ton
tonnage, date

CO5

Vehicle reg, delivery
miles, delivery
tonnage, date
Financial software
Vehicle reg, other j

costs, income, date

Figure 20: Transport reporting system — inputs andoutputs

A sample of proposed management reports are givappendix 12. These consist of
division-, quarries- and vehicle-based key perfarceaindicators. The reports would
be automatically emailed to relevant site and @wismanagers as a mechanism to
reduce fuel use through management interventionleelopment cost of £25,000
was estimated (Source: Meeting with General Managet IT developer, Barr
Limited, 14-Jun-2010), mainly in terms of developihéme and support costs. An
additional £15,000 annual cost was estimated iaticel to managers’ time to go
scrutinise, discuss and act on these reports.

It was estimated that a conservative target of 2#uction in fuel use would be
achievable — equivalent to an annual reduction0&.2 tonnes of C& and a saving
of £56,000 in fuel costs (Table 28).

A document ‘Information System Requirement Speatfans’ was constructed to
provide information to the company’s in-house ITsteyns developer (available in
Appendix 12).
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Fleet Management Program

Fuel Derv

Annual usage by Barr 2,000,000 | Litres

CO,e conversion factor 2.63 | kgCO,l/litre
Fuel Price £1.40 | £/ litre

Target reduction —

percentage 5%

Target reduction - CO,e 263 | Tonnes- CO,e
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 - CO,e 105.2 | Tonnes- CO,e
Target reduction - fuel costs £56,000

Table 28: Transport energy reporting system savings

Aggregates Storage Shed

It has long been established that reducing the tomeisontent in dust and sand can
result in a significant reduction in the energy mmption of an asphalt/coating plant.
To establish confidence in this claim, two compaogating plants were compared
with similar characteristics other than that orenplhad no shed to keep the dust and
sand dry. Production and fuel use data were olitdnoen each site’s monthly records
and the key performance indicator (litres per tQroaéculated as shown in table 29.

Plant A (no shed) Plant B (with shed)

Annual Asphalt / Coated | 17,496 9,173
Production (tonnes)

Annual fuel use (litres) 205,753 79,475

KPI (litres per tonne) 11.76 8.66

Table 29: ‘Litres per tonne’ comparison (Source: Se based monthly record)

The plant with shed consumed 8.66 litres of fueltpane of coated products to dry
the aggregate while the other plant consumed 1litré8 of fuel per tonne of coated

products. This indicated that the plant with shedstimed 26.36% less fuel than the
other plant. It should be noted that the specifed tonsumption would normal reduce
with increased production levels.

A pair of sheds was subsequently proposed for mgatiant A at a cost of £25,000
(Source: Solway Steel, 2011). The project was exgeto result in an annual
reduction of 110 tonnes afo.e and a cost saving of £19,770 per annum (see
Appendix 15 for the business case calculations).
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Drying room improvements

A drying room is an integral part of every constime, quarry and process site in the
UK, where personnel can leave wet clothing to beddior shift use. Generally, these
drying rooms are temporary cabins with space hedtged to elevate the indoor
temperature. During non-working hours, usually dgnnight-time, construction sites
have been observed to require energy only for drggom heaters and security lights.
In the quarries, it was observed that drying roamesthe second highest load during
non-working hours after bitumen tank heating. Then-working hours at Barr
normally total 123 hours per week (based on 15 frauday operation for weekdays
and 48 hours for the weekend).

During energy management discussions, it was adeetdl the replacement of part
of the space heating load with a dehumidifier (Bea$é Communication with BW,
Managing Director, Barr Limited, 03-Nov-2010). Tatablish confidence in this
option, an experiment was conducted in a dryingrrdocated at one of Barr's
guarries. Energy consumption was then comparedawee month period between a
traditional set-up (2 space heaters) and a mixdeusel space heater and 1
compressor-based dehumidifier). Two Energenie EeiData Loggers (Energenie
Ener 007, 2010) were used to log the electricitysconption. The dehumidifier used
for this experiment was a De'Longhi DEM10 (Appendi8). The results are
presented in table 30.

kWh kg CO,e Energy CRC
Case consumption emissions cost 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 usingmax of heating and
dehumidification processes to dry operatives’ wédthes. Traditionally, in a
construction/quarrying drying room 4-6 kW of resistheating is used continuously
(24 hours a day, 7 days a week) to dry the clothles.process becomes less efficient
as the room humidity increases over time. Usingia of dehumidification and
heating was expected improve the heating effectiserdue to the humidity control
and the compressor-based dehumidification procdsshwworks better at higher
ambient temperatures.

This process can be made even more energy effisieatiding control to discontinue
the energy supply when the desired dryness levebblan attained.

Based on initial experimentation results, it wagpmsed to modify five drying rooms
at Barr to use the heater and dehumidifier comlmnafhis action was predicted to
result in an annual reduction of 37.39 tonnexofe 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/benefir@ge addressing the opportunities

identified at Baurr.

LATION ON PARTICIPANT ORGANISATIONS

Opportunity Capital Annual Annual Project life | Annual carbon
Cost Benefit Costs time reduction
(E) (E) (E) (years) (tonne-CQ)

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 25,000 56,000 15,000 10 105

reporting

Storage sheds| 25,000 19,770 0 25 110

Drying room 575 6,912 150 3 37

improvements

Vertical 161,387 36,133 600 15 222

bitumen tanks

Burner 30,000 22,500 500 10 83

replacement

IT server room| 15,000 4,827 200 10 44

improvements

Table 31: Cost / Benefit Analysis for opportunitiesat Barr

Uncertainties in the carbon reduction potential

A number of uncertainties were identified during tbroject, which can affect the
above costs and benefits. There follows a brigfudision of these uncertainties, with
some overlaps (e.g. between capital cost and ioflaate).

Cost variations

Costs related to an opportunity are an importanction to calculate the position of
an opportunity in the MACC and ERIC curves. Howewude capital and running

costs may change over time for a number of reasAssobserved during the

formulation of the Solar PV business case (secii@and section 6.6), the capital
cost continuously reduced due to a reduction imptiee of the technology because of
increased market competition. In the calculationtled person-hour costs in the
Transport energy reporting system, it was challeggo find the required data. This
cost is also uncertain due to employee and salzemges over time. Therefore, it is
important to revise the MACC and ERIC curves atufagintervals to include the

most up-to-date costs related to each opportunity.

Estimated savings

The estimated savings may change for a numbelasbres 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 ptsjeavolving IT server room
improvements, drying room improvements and plugi#rers, it was not possible to
guantify exactly how much the energy consumptiomidoeduce. Also, in the project
addressing storage sheds, where the moisture tasftelust and sand plays a vital
role, it was difficult to quantify the moisture naction as the moisture content of fresh
dust and sand depends on the ambient conditiontherhexternal or intra-shed.

- Production levels: In some projects, such as burner replacementtanalge sheds,
the financial benefits are dependant on produddawals. It is difficult to predict these
levels as they continually change due to new cotdraecured and load sharing
between different asphalt plants.

- Human behaviour: It is unlikely that different personnel when uria&ing the
same job, such as lorry driving, asphalt plant apen etc will do their tasks
consuming the same amount of energy. It is theedfapossible to estimate the exact
amount of energy saving in projects that depentiunan behaviour (such as in the
case of the transport energy reporting system).

- Working hours: The working hours at the company vary dependingomuuct
demand and the work load of an employee. The wgrkiours can also impact the
savings from advanced technology. As observed duha deployment of innovative
switching based on passive infra-red detectorsti(sed.1), the energy savings
depend on the usage pattern which itself is unicerta

- Available incentives: A change in available incentives could signifid¢aninpact
the business case of a carbon reduction opporturgy observed in the Solar PV
project (section 5.4) where the unexpected reductio the available incentive
changed the business case significantly.

- Energy prices: Energy price change is another significant unagstaAs energy
prices generally follow an upward trend, the expeéatnergy cost savings will rise
with the passage of time.

- Historic information on renewable energy systemsThe energy yield from the
renewable energy systems is estimated using histlaia, such as embodied in the
PVSyst tool and DECC database. It is likely tha #ctual energy yield will be
significantly different from the predicted valuedathat this residual will vary over
time.

Inflation & discount rate

The rate of inflation and the discount rate arehhatcertain and this will affect the
time value of money and the financial benefits.

Information from experience

Another uncertainty relates to the information thais obtained from employees on
the basis of their experience, such as the kW gatinelectric appliances from the
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company Electrician and the benefits of verticalumien tanks from the Quarry
Manager.

Commercial literature & green-washing

Information obtained from the commercial literatuinay be skewed or exaggerated
for commercial reasons. As mentioned in section @rd8en-washed products have
introduced a significant uncertainty to the markeking it difficult for decision-
makers to decide if a product can actually attam ¢arbon emission reductions as
claimed.

Sensitivity Analysis

To identify the impacts of these uncertaintiesemsgivity analysis was conducted for
each of the identified carbon reduction opportesitiin the analysis, the impacts of
uncertainties were analysed on key figures deriveoh individual business cases,
which were the capital cost, annual cost/benefiy €0 reduction. These figures

were important to be considered as they decideptisition of each opportunity in

MACC and ERIC curves, which were later developegdrasented in section 4.3.

Opportunity Uncertainties
Estimated Annual
Development Fuel price Reductions Running cost usage
Transport cost (£20%) (£10%) (£25%) (+£20%) (x20%) X
Electricity
Capital cost Price Day-hours saved | Winter weeks
PIT (x10%) (x10%) (x1 hour) (x20%) X X
On-site
Coating Capital cost Fuel price Production Exp. lit/ton
burner (£20%) (£10%) (£50%) (£10%) X X
Electricity Saving
Capital cost Price Measurement
Drying room (x20%) (x10%) Error (x10%) X X X
Electricity
Capital cost Price Energy Yield Incentive
Solar PV (x20%) (£10%) (£10%) (£20%) X X
On-site
Capital cost Fuel price Production Exp. lit/ton
Sheds (x20%) (£10%) (50%) (¥10%) X X
Electricity
Vertical Capital cost Price Heat Loss
bitumen tank (£20%) (£10%) Weather (x2°C) (£20%) X X
Electricity
Capital cost Price Est. Cooling
IT Server (£20%) (£10%) Load (x10%) X X X
Electricity
Capital cost Price Existing Lighting
LED lighting (x10%) (x10%) Load (x10%) X X X
Electricity
Capital cost Price Wind Speed Turbine Incentive Export
Wind turbine (£20%) (£10%) (£15%) Uptime (£5%) (x20%) (25~50%)

Table 32: Uncertainties in Carbon Reduction Opportunities

Table 32 shows the uncertainties that were corsidéor each opportunity. The
limits mentioned in the table were applied to theeadsheet tools which were used to
develop the business case for each opportunityerAdhalysing the impact of each
individual uncertainty on a carbon reduction oppoity, the outcomes were
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summarised and used to identify best and worst figgsees. Appendix 33 provides
summaries of uncertainty analysis for each indialdwarbon reduction opportunity.

From the analyses of uncertainties, a comparisos eearied out among standard
case, best case and worst case scenarios, as shtabte 33, to establish the overall
potential impact of these uncertainties.

Standard case Best case Worst case
Opportunity
Capital Annual CO; | Capital Annual CO, | Capital Annual CO2
cost benefit/cost | Red. cost benefit/cost | Red. cost benefit/cost | 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 inopportunities

As shown in table 33, opportunities differ from leaher to the extent that they are
susceptible to these uncertainties. Some oppoiarshow lesser potential change in
financial benefits and CQreductions, and some show higher differences dubd
different nature of the uncertainties. To highlighis difference further, graphs were
plotted as shown in figure 21 and figure 22.

Uncertainty in Annual Benefit

225%
200% A
175% -
150%
125%
100% -

75% A

50% -+ —

25% - :
0% - . i ;
. | g .

3, 3 7 %, Sy S 0,
~50% 1 oy K 09’%,,, 2 N RO “s,
75% "y ?
-100%
-125%

Figure 21: Uncertainties in Annual Benefit
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Uncertainty in CO2 Reduction
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Figure 22: Uncertainties in Annual CG, reduction

Based on observations in figure 21 and figure B2, dpportunities can be divided
into 3 categories: highly susceptible, medium spsile and less susceptible (to
uncertainties) carbon reduction opportunities.

The opportunities in Transport, coating plant burséorage sheds and wind turbine
fall into the first category. For the ‘coating pldourner and ‘sheds’ projects, the
main reasons for this high susceptibility to unaieties are the market situation in
terms of production level requirement and the uagaty in specific fuel
consumption level that can be achieved. In thengpart’ project, the uncertainties in
achievable reduction in fuel use and the markeatasdn in terms of annual
transportation requirements are the main reasonassign this carbon reduction
opportunity to the ‘highly susceptible’ category the ‘wind turbine’ project, the
results are highly sensitive to wind speed, as ev46% change in wind speed can
provide a significant difference in power outputs Avind turbine’ is a high capital
project, the uncertainty in capital cost is anotiejor factor.

The opportunities in ‘IT server room’ and ‘plugtimers’ are assigned to the medium
susceptible carbon reduction opportunities categoryhe ‘IT server room’ project,
the main reason for this susceptibility is due teartainty in the estimated cooling
load, which itself will be dependant on severalialsles such as weather, work load,
job patternsetc In the ‘plug-in timers’ project, the main reasdasthe susceptibility
are possible fluctuations in electricity price ah@ weather uncertainty which will
dictate the number of weeks in winter when the drsawill be required for space
heating. The remaining carbon reduction opportesjtiwhich are opportunities in
Solar PV, LED lights, vertical bitumen tanks and/iidg room, fall into the less
susceptible category.

4.3 Assessment of carbon reduction opportunities

The available carbon reduction opportunities wenagared by plotting MACC and
ERIC curves and the outcomes delivered to senionagement to assist their
decisions on the selection and implementation @ébkle carbon reduction measures.
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On presentation of these curves, the senior managewas interviewed to identify
the usefulness of these decision support tools.

MACC

Figure 24 summarises the carbon reduction oppaditgnavailable at Barr. The
information was obtained from the business casesaoh of the opportunities, and
populated into the MACC spreadsheet tool. The tatitulated the NPV (Net Present
Value) and marginal abatement cost for each obgortunities. A discount rate of
6% was assumed corresponding to company policy.

After populating information into the MACC spreadsh tool, the opportunities were

then sorted in the traditional order, so the opputy with lowest marginal abatement

cost was on the left and opportunity with highesrrgmal abatement cost was on the
right.

Figure 23 shows the MACC plot for these opportesitiThe plot showed that all
identified opportunities had negative abatement,askich implies that all of these
opportunities would be viable even if the compaiy ot participate in a carbon
trading scheme. Transport reporting system hadbtlest carbon abatement cost (i.e.
-£263.1 per tonne-C{p which meant that by the implementation of thisteyn, the
company was expected to annually reduce 105 tomin€s,, and also save £263.10
for each tonne of COreduction per annum. The plot showed the wind iterlat
Killoch as the least attractive among all the opyuties. However, even in the wind
turbine’s case, the implementation was expectethtmally reduce 57 tonnes of O
and also save £2.10 for each tonne of @duction per annum.

All the carbon reduction opportunities includedhis MACC analysis had a negative
marginal abatement cost. However, if there was ppodunity with a marginal
abatement cost of £15 per tonne of £@ would have meant that after its
implementation, besides annually reducing the sstggetonnes of CQ it will cost
the company £15 for each tonne of £&@duction per annum. Such an opportunity
would be unlikely to be implemented, and the comypanuld be financially better
off to pay the £12 per tonne of G@s CRC tax rather than implementing this
opportunity.

The dashed vertical line on the graph shows theocareduction target of 500 tonnes.
It shows that the company will cross its carborurtidn target by implementing the
first seven opportunities from left to right.

The MACC helps to compare the carbon reduction dppdies, and is also helpful
to devise a carbon reduction strategy to achiesertain 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 ieteed to identify the usefulness
of MACC as a decision support tool (Appendix 32).dddition to the previously

known issues (the presented data being countdatirgtuand so less useful at
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- Impact of inflation on annual costs / benefits

It was identified that the existing MACC model doex take into account the impact
of inflation on financial costs and benefits of @heme over its life time; rather it
assumes that cost and benefits remain constanttbegelife of a carbon reduction
project. Since energy prices and the cost of ojmeradand maintenance generally
increase in line with inflation, so the additiort@nefit of energy cost savings over
time and the additional disbenefit of increasedraf@n and maintenance costs
should also be included. To illustrate this, a agsheet tool was developed which
uses the company’s existing financial assessmeneh{&igure 25). As can be seen
from the presented data, there is a significarfeihce in the Net Present Value
(NPV) derived from each method. For the schemeidered, a difference of £17,746
in the NPV was demonstrated over a 10 years peasfothe scheme and with a
£20,000 capital cost. Should the scheme have &&5blife time, the difference would
become £77,539, which is most significant. Howevance inflation itself is

uncertain, it is difficult to implement correctiaetion to the existing MACC method.

- Impact of project’s life time

The MACC tool calculates the NPV on the basis opreject’s stated life time.
However, the project life time is likely to changeer time depending on outcome
success and external factors. An opportunity malgdreeficial for less than its stated
life time due to technological changes, such asicarbitumen tanks replacement
because a better option becomes available thagmsesignificant savings potential.
On the other hand, an opportunity may continue fitamg after the end of its stated
life time if it remains in good condition, such ascoating plant burner which will
typically last more than 20 years.

ERIC

The ERIC approach can be used to deal with somtheofissues identified with
MACC. There is no negative scaling. There is nonteuintuitive part and the
Internal Rate of Return (IRR) is more useful to tbenpany management team. ERIC
shows the IRR of individual projects as well as¢bheulative IRR and therefore, like
MACC, can depict the impact of multiple projectsnc® there is no assumption of
discount rate, the risk level in a project can besen by the decision makers.

No existing tool was available to plot ERIC outc@an&herefore, two existing tools,
Barr's NPV tool and Somar’'s MACC tool, were modifiel he former was updated to
calculate the IRR for normal cash flow and presette cash flow (figure 26). The
latter was modified to provide cumulative capitalpning costs & benefits and IRR.
(The MACC tool was also modified to plot ERIC datdo ensure positive and
consistent cumulative IRR values, it was assumatiah schemes will continue for a
minimum of 10 years.
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An ERIC was then plotted for the same opportuniéieBarr, as shown in figure 27.
After populating information into the spreadsheet designed for plotting ERIC, the
opportunities were then sorted in the traditiorraleo, so the opportunity with highest
IRR was on the left and opportunity with the lowlE&R was on the right.

Figure 27 shows the ERIC plot for these opportasitiAs per nature of ERI curves,
there was no unviable opportunity, and every oppity was either less or more
viable in comparison to the other opportunity, lobea the IRR it offered. Plug-in-
timers had the highest IRR (i.e. 1,849%). The ifegtan of plug-in-timers was the
second best option in the MACC analysis.

Figure 28 lists the IRR calculated from the updai€/ (net present value) tool, and
other data for each of the opportunity that wasduse plot the curve. Transport
reporting system, which was the most attractiveoopas suggested by MACC, had
the third best IRR of 151%. The plot showed the LEBhting with 6% IRR as the

least attractive among all the opportunities.

As an investing stakeholder’s point of view, aletbarbon reduction opportunities
which were considered here had an IRR of 6% of ab&lowever, if there was an
opportunity with an IRR less than the interest raféered by the bank, the

opportunity would be unlikely to be implemented,dathe investor would be

financially better off to put the available fundsa bank rather than investing it into
this opportunity. On the other hand, if the compamyests in an opportunity by

taking a loan, then the IRR of the opportunity mstreasonably higher than the
interest rate on the loan.

Similar to MACC, the dashed vertical line on thamgr shows the carbon reduction
target of 500 tonnes. It shows that the companiariiss its carbon reduction target
by implementing the first seven opportunities frimft 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 manuallgddio show the cumulative
benefit of implementing a number of opportunitids. the present case, the
implementation of first three opportunities willdiece 169 tonnes of GQrer annum,
and have a cumulative IRR of 189.11%. The implewad@n of first six opportunities
will reduce 406 tonnes of Grer annum, and have a cumulative IRR of 94.14%. Th
implementation of first seven opportunities willlee 628 tonnes of Ger annum,
and have a cumulative IRR of 45.22%.
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The best opportunities as identified from MACC &®RIC were compared as shown
in table 34. As can be seen the positions of tppertunities vary between the two
techniques. The biggest change of position wasSkar PV, because it offers a
poorer rate of return than most of the other opputies.

Issues identified in using ERIC

Like MACC, the usefulness of ERIC as a decisionpsuptool was questioned from
the senior management in the focus group (AppeBa)xIt was identified that ERIC
can deal with the negative scale and comfort zesees, while inflation may also be
considered when calculating IRR and cumulative IRIewever, other issues were
identified that would act as a barrier to the ussuzh a standalone graphical tool for
carbon abatement decision making. These issuaeisangssed below.

- No indication of abatement cost

ERIC does not give an indication of an opportusityalue (abatement cost in £ per
tonne ofc0,e) against the carbon allowance price. For this nedsig not possible to
use ERIC to identify the allowance price that wonldke 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 dathom 6% to 1849% - a

logarithmic y-axis scale was adopted. However, ttudaving a logarithmic scale,
this makes it difficult to easily spot the diffeen between the IRR of two
opportunities when comparing them. As shown onEREC graph in figure 27, the

wind turbine (IRR 8.44%) and IT Server Room (IRR2236) do not appear to have
as much difference in their IRR (shown by the hewghtheir respective bars) as it
actually is, and it is difficult to highlight th#tte latter is 3 times the former.

- Impact of project’s life time

IRR in ERIC is dependent on a project’s statedtiifee. However, the project life
time may well change over and an opportunity becoraee or less beneficial due to
technological change or institutional/market fastor
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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 grdbe decision to utilise MACC
or ERIC as the basis of decision-making will likelgry from one organisation to the
other. There are more elements that would alsaenfte such decision-making; these
include the following.

- Benefit & value created for stakeholders

Investments in energy efficiency and renewable ggnalystems may not be made
solely for corporate social responsibility, but tfieancial value of such a project
could be vital. Companies with ‘investing stakelsod would prefer to make
decisions on opportunities suggested by ERIC ag fiee a better indication of
benefit and value for the stakeholders. There meaypther opportunities (but not in
Barr’'s case) with a high potential of carbon reducbut not comparatively offering a
good IRR. These opportunities will become more rimally viable if the price of
carbon increases in CRC or EU ETS. For examplanibpportunity has an IRR of
3% or lesser, and a carbon abatement cost of £8d/etofCco.e, it would only
become viable when the price of carbon allowarsesrabove £30.

- Response to less acknowledged and innovative tactogies

There are many new and innovative technologiedablaiin the market, which offer
emission reduction through energy efficiency orewgable energy generation. As
identified in section 1.3, there are certain riskssociated with these such as
exaggerated performance claims or unexpected opeahtlaws. This makes the job
even more difficult for decision makers, especiallyen it comes to relying on new
and innovative technologies where performance exeles obscure. In such cases it
is usually helpful to trial the opportunity firend perform monitoring & verification
before a full implementation.

- Must-do Projects

An organisation may have an energy saving projeat iust be implemented due to
other operational requirements, irrespective ofrigks, IRR and carbon abatement
costs. At Barr, the ‘IT Server Room’ project was tsame, as it required an
immediate solution to reduce the cooling load oistexg twin AC system, or it could
have risked the whole group’s IT system.

CALoRIC

Based on focus group interview outcomes (Appen@ixahd other observed issues, a
blended approach to carbon abatement assessmentevdagied as necessary. A
simple tool, named as CALORIC (Carbon Abatement Lisk Abatement Curve),
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was developed. CALORIC is based on information ioleth from multiple sources
that also include MACC and ERIC tools.

A CALORIC is produced from the carbon abatementt @l IRR data that is
obtained via MACC and ERIC tools: the x-axis shdkes carbon abatement cost and
the y-axis shows the IRR. A line perpendicularhe k-axis is drawn, which shows
the Minimum Carbon Abatement Cost (MCAC) that thmmpany is aiming to
achieve. Another line parallel to the x-axis iswina which shows the Minimum
Internal Rate of Return (MIRR) that the compangimeing for. Additionally, any low
risk opportunities and must-do opportunities canhighlighted out of the chosen
bands of IRR and carbon abatement cost.
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Figure 29: CALORIC Curve
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CALORIC is a flexible tool designed to show orgatisn specific results in

identifying the most suitable carbon reduction apyoaties. It gives information for

both CEO/CFO and investing stakeholders in termiR&¥, and the information for

CRC returns in terms of £/tonne-@MCAC and MIRR are flexible, and can be
assigned values to provide the ability to choospodpnities on either or both
criteria.

CALORIC was plotted for the identified carbon retioic opportunities at Barr, as
shown in figure 29.

Like MACC and ERIC, the usefulness of CALORIC adexision support tool was
guestioned from the senior management in the fgraap (Appendix 32). It was
identified that CALORIC is a better decision suggool than MACC and ERIC. The
flexibility in CALORIC to adjust the required IRRnd carbon abatement cost was
found very useful. Though like ERIC, it had a laganic scale, but since the
required IRR (or MIRR) is adjusted by the userrehis less chance of ignoring the
fact that it is a logarithmic scale. The main pwpof such tools is to reduce the risks
and uncertainties when making decisions, and it Wiashd that highlighting
opportunities with possible ‘partial implementatiomas a very good idea to pick
opportunities with less risk / uncertainty. The %$hudo’ opportunities were
highlighted, which also saved time. This tool canelven more helpful when there is
a very large number of available opportunities.

4.4 Chapter Summary

In this chapter, carbon reduction opportunitieseniéentified at the CRC participant
company through observation from surveys, analytimetered data and interviews.
After the establishment of a company energy antiarabaseline, carbon reduction
opportunities were identified in two parts. Firfte opportunities that the company
was already working on were scrutinised. Theseudwd passive cooling and heat
recovery in the company’'s IT office, energy effidiebitumen tanks and coating
(asphalt & bituminous products) plant burner rephlaent. Second, more
opportunities were identified, which include plugtimers, LED lighting, aggregate
storage sheds, drying room improvement, betterspram reporting, solar PV and
wind power.

After the identification of opportunities, and aalation of their business case,
uncertainties in the calculation were considered.whs observed that these
uncertainties can be mitigated through the implaatem of a reliable information
procurement and analysis system.

MACC and ERIC curves were plotted on the basisnédrmation available about
these opportunities, and presented to the CRC fgugp. While acknowledging the
suitability and benefits of the data for decisioaking, a number of issues were also
identified. It was considered important to deviseethod to factor in the likelihood
that the identified benefits will likely be time variant due to the uncertainties
involved. An issue with MACC is that it does nokeainto account the variation of
inflation over a project’s life time. An issue wWIlERIC is that it does not provide a
carbon abatement cost to compare the opportunéinsigthe carbon allowance price.
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ERIC may also require a logarithmic scale for mhoft which can give rise to
incorrect user perception. ERIC also requiresqutlg life time data to calculate IRR.

In addition to the issues identified in using MA@Gd ERIC, other company specific
factors also affect decision making, such as thahiéty of new technologies, and
the benefit and value to stakeholders.

As a solution to these issues, a blended approashidentified using information
from MACC and ERIC models. A simple tool, named @8LoRIC (Carbon
Abatement Low Risk Abatement Curve), was develo@®&l.oRIC was identified as
a useful decision support tool than MACC and ERIBe flexibility in CALORIC to
adjust the required IRR and carbon abatement castfound helpful. The tool passed
the main test, which is to reduce the risks anctamties, as it allowed highlighting
the opportunities with possible ‘partial implemdita’. Specific to Barr, the ‘must
do’ opportunities were also highlighted to saveetimhis tool can become even more
helpful when there is a very large number of atd@apportunities.
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5 MONITORING & VERIFICATION

In the previous chapter, an energy usage baselaw established for Barr, and a
number of carbon reduction opportunities identifi#tiese opportunities were then
assessed by plotting MACC, ERIC and later CALoORI@ves from which the
opportunities that might be implemented to redum®many’s carbon emissions were
assessed. On this basis, and other company spiaadfors, some of the opportunities
were subsequently implemented. In this chapter,ntbaitoring and verification of
implemented opportunities are discussed. The chapde includes the information
on corrective actions taken and the improvemenh®fMACC, ERIC and CALORIC
analysis approach.

5.1 Plug-in-timers

Implementation

Plug-in-timers were identified as a top energy sgwpportunity in both MACC and
ERIC, and among the top 3 opportunities in CALoORAS.proposed, 10 OWL plug-
in-timers were installed on the identified spacates.

Monitoring & verification

The energy consumption of the timers was proposdaetverified by connecting a
suitable energy use monitor (Energenie Ener 00Z0RMowever, at the end of one
week following installation, it was identified thanly 3 timers were still operating as
programmed. Of the remaining 7 timers, 3 were mgs?2 had been switched off and
2 had been reprogrammed.

Corrective action

An alternative product to plug-in timers was idéat to provide a solution to these
issues. The product was PSX switches. Powersol P¥Xand Powersol PSX 125
(Appendix 17) are power switches that can be peemtiy fixed and are tamper
proof.

The MACC and ERIC curves were updated to refleet tise of these products
resulting in a marginal abatement cost of -£14%80tonne ofc0O,e and an IRR of
301.24%, which was still impressive (Appendix 18).

PSX 135 and PSX 125 units were installed on theespaaters and wall mounted hot
water units as proposed. During weekdays the wete programmed to switch on at
6:00 am, switch off at 11:00 am, switch on agaid2tmnoon, and switch off at 6:30
pm. During weekends, the units were programmedbip aff completely.
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The monitoring & verification of these units providbe difficult. Since the units are

hardwired, a plug-in-meter such as the Energenier@Y cannot be installed. The
units were installed in different areas, so tharggs/could not also be quantified via
one meter. The monitoring & verification was theref carried out through daily

checks on the units, to ensure that they perforasggrogrammed. In the first 2 weeks
of operation, the units were inspected 3 timesdagras follows.

- 1* check: 8:30 am to ensure all units are working and haagdd the space enough
to make it comfortable for people working in thear

- 2" check: 11:00 am to ensure that units are switching offragrammed.

- 3 check: 12:00 noon to check that the units are switchimggain as programmed.
- 4" check: Random timings to see that the units in the tileith PIR sensors are
switching the unit on after sensing movement.

In the 8 weeks thereafter, only th& 2% and 4" checks were performed, with some
additional random check at other times. The ungsenalways found to be operating
as programmed.

After 10 weeks of monitoring & verification, it wgsroven that the units offered
enhanced energy savings. Due to the PIR-suppodatiot in the toilets and two
rarely used rooms, the heating units were switafedven during the day time when
there was no occupancy. This resulted in an e3®% energy saving during the
working hours. Instead of 19,800 kWh, a saving 220 kWh was observed during
the 10 week monitoring period. This equated tovenggof over £2,300, which meant
that the units had already reached payback.

Though the PSX controls offered energy savingsxps@ed, they gave rise to issues
as discussed below.

- Need for a programming PC

These units require a computer with correspondiofgwvare installed in order to
program the. On Windows XP, the software faileavtok unless another driver was
installed later. The software interface is simpd|d does not require specialist
training.

- Need for a qualified electrician

For Health & Safety reasons, it was a requiremeBiaar that the installation of these
units be carried out by a qualified electrician,ondan isolate the electricity supply,
install the unit and then re-energise the circtiltis is different from an ordinary
plug-in-timers which can be installed by a lay pers

- USB port is hidden once fitted

In the PSX switches, the USB programming port tdbh inside the spur once the
unit is installed on the wall. This means that eaeminor 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 thermassaunable to work with appliances
above 1.5 kW. In such cases, the built-in therntoséeomes hot and gives false
readings (i.e. higher temperature).

- Cost of units

The units 10 to 15 times more expensive than a&mlug-in-timer, and there is the
additional cost of the electrician and programmdiiee. The first installation

required almost an hour of electrician and programtime. Also, a trivial change to
the program required half an hour of electriciam gamogrammer time. Since an
electrician will not normally have a laptop, a pramgmer will be required during
every installation and maintenance activity.

- Human behaviour

People are characteristically reluctant to chadgeexpected, there were complaints
such as hot water not dispensing quickly enougm fiwall-mounted units. On
inspection, only a small difference was detecthieleveen the time for hot water from
units with and without PSX 125. Another complaielated to a rarely used meeting
room where a PSX 135 with PIR had been installdxls Toom was found to be cold
for a meeting at 2 pm even though it was warm ehauighin 10 minutes. If energy
waste is to be reduced then the meeting room cdoediept warm all day for a
meeting that may or may not happen.

Based on partial implementation of these unitsdifigs were noted and discussed
within the CRC focus group. MACC, ERIC and CALoRMere also updated,
identifying a marginal abatement cost of -£143.80 fonne ofc0.,e and an IRR of
301.24%.

5.2 Energy Efficient Lighting

Implementation

Though LED lighting was not the best available apgpaity according to the results
from MACC, ERIC or CALORIC, but LED lighting was jpremented due to it being
a low risk option with partial implementation pdsty. As an initial trial, it was
decided to replace 1 fitting in each proposed areh monitor & verify performance
before progressing to full replacement.

One hi-bay fitting was replaced in the paint-shafhva SUN48 LED lamp, one twin
tube was replaced in the workshop stores with aaVE2D lamp, and one parking

area light was replaced with a Jupiter 36 LED larijnere was a mixed outcome for
these replacements.

Monitoring & verification

The energy consumption of these replacements wafiedebefore installation by
connecting an ‘Energenie Ener 007’ energy monisrefgenie Ener 007, 2010) and
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the lights were found to be working within 5% otthstated consumption. Despite
that, there were other issues identified afteraitetion. In the parking area, the
luminosity of the light was not observed to be Hsaotive as the conventional SON
light, although it was still acceptable for a carkp In the paint-shop, there was a
complaint from company’s painter because the ilhation level was less than
acceptable for the task — this was subsequentlfroed by lux level measurement.

In the workshop stores, the LED twin tube lamp ¥easd to be acceptable although
the light distribution was not as effective asunfescent tube.

In an on-going research on energy efficient lightt University of Strathclyde, it has
been identified that, while purchasing LED lightise housing and capacitor quality
must be assured in order to avoid failure befoesathd of the LED service life. (Ref:
Personal communication with JA, University of Stdyde, 21-Mar-2011)

Corrective action

The trial highlighted the need for LED lights ofgher luminance (at higher cost).
Induction lights were proposed by a supplier asalrnate technology against the
claim that these offer better illumination, are @mimectional, have a 6 times longer
life than LED lights and are almost half the pri€esearch revealed that induction
lights offer higher pupil lumens (EcoNext, 2012) kimgy them look brighter than

conventional lights. It was proposed by the supgbeinstall induction lights in the

workshop/paintshop to monitor & verify performane¢ no cost if users were

dissatisfied.

Characteristics LED nduction
Lux levels* Standard Standard

Uni- Omni-
Direction* directional directional
Energy / CO.e
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
CO.e 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)
rxxxReference: (MyLEDLightingGuide, 2012)

Table 35: Comparison of LED and Induction lights
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The installation of a test induction lamp was sgosatly carried out in the workshop
area: a Matsushima MAT-F05 200 W hi-bay inductiamp (Matsushima, 2011).

The energy consumption of the induction lamp wasfied before installation by
connecting an Energenie Ener 007 energy monitoer@emnie Ener 007, 2010) and
the lights were found to be working within 10% bktr stated consumption. After
installation, the performance was satisfactory.dflagn these trials, a comparison of
LED and induction lamps was undertaken as showabie 35.

Induction lights require less capital and are maceeptable to the users. For these
reasons, the lighting in the workshop, paint-shag parking area were also proposed
to be replaced with induction lights. Appendix 30ows the business case
calculations. The MACC, ERIC and CALORIC were updhtshowing a carbon
abatement cost of -£33.40 per tonnecote and an IRR of 3.1%: the low return on
investment caused the cancellation of further dgpknts. Likewise, the replacement
of fluorescent tubes with LED lights was postponetii a more cost-effective
solution was found.

In this research, problems in installation wereodisund to be significantly time
consuming. However, there are induction and LEDBticavailable in the international
market (Source: EBay search, 2011) in T5-T9, E26-Bdd R7 fitting types, which
would fit into the existing housings to make thdéamps simpler and quicker to
install/ replace, with easy availability of altetivas in the case of a failure.

5.3 Transport Fleet

Implementation

The transport energy reporting system was impleetenas proposed after
development by the company’s internal IT develofewneral issues arose both during
and after the system deployment. On the positide,sihe IT developer was well
versed with existing systems and had access toegmurces to do the job quicker
than an externally sourced developer. On the negaide, the IT developer was
already engaged in multiple internal projects fates and financial systems. In
addition, there were errors found in the early dlgwed version, such as utilisation
factor unavailability and incorrect previous morghd year-to-date data. For such
reasons it took 12 months to develop the systence@perational, the system was
presented to the CRC focus group and fully impleednA typical report from the
system is shown in Appendix 22.

Monitoring & verification

During the first 3 months of use, it proved difficto get the transport managers go
scrutinise the monthly transport reports due tarthasy schedule. As a result no
remedial actions were initiated. Further, since réqgorts were generated at monthly
frequency, managers found it difficult to identrBasons for energy wastage.
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Within the environmental division, trucks move beém fixed locations and the
opportunity for energy saving was low. The remaynsgnificant energy users in the
company’s transport fleet were tippers and mixens dsphalt, concrete and dry
aggregates, and significant savings were expected.

Corrective action

To solve the observed issues, an off-the-shelirtaties system was implemented,
which was offered at low cost (Appendix 23). ThemFdom telematics system was
expected to provide daily alerts on fuel consumptand waste, and deliver a
behavioural change in drivers of tippers and mix&sg providing daily alerts and
detailed information about fuel use, fuel wastesesiing data and routes, it was also
expected to become simpler for the transport masaigeidentify the source of a
problem and possible solutions.

The telematics system was trialled for a monthuiddlconfidence in its performance;
it was then fully implemented in the Quarries Diorss tippers and mixers vehicles
at a capital cost of £6,000 and an annual runnosj of £3,750. Since the system
generates auto alerts and reports, a lower annaahgement involvement cost of
£3,000 was assumed.

The savings from the system were monitored andi@éron a monthly basis by using
the fuel consumption figures available from thevpresly developed reporting
system. From the results shown in the fuel efficyeoomparison of Appendix 24, a
3.48% reduction in fuel usage was identified, cgpmnding to a saving of 15,829
litres of fuel per annum (approximately £22,16@& &40 per litre) and a reduction of
41.77 tonnes of0,e per annum. MACC, ERIC and CALORIC were updatedrow

a carbon abatement cost of -£282.10 per tonmmegaf and an IRR of 451.26%.

5.4 Solar PV

Implementation

A 50 kWp solar PV system was proposed for instaltabn the stores roof at Killoch.
For several reasons, such as project cost andiHgaafety issues, it took 5 months
to complete the paperwork required to obtain irdeapproval. In November 2011,
the UK government dramatically reduced the feethnff with effect from 12
December 2011. This resulted in the tariff for aki@p scheme being reduced from
32.9 to 15.2 pence/kWh. Due to the time scale @s®uot with such scheme (the
negotiation with the grid operator can take arodbdlays) it was impossible for the
company to complete the project by the Decembedlloea

Corrective Action

The viability of the project was reanalysed usihg spreadsheet tool (Appendix 19)
and payback period increased to 12 years fromrédqusly estimate of 8 years. The
updated MACC and ERIC predictions then showed &#aarabatement cost of -
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£14.80 per tonne af0.e and an IRR of -6.78%, which made the proposallehst
attractive of all the proposals being consideredifieestment by the company, and
pushed the project out of given range in ERIC aAd@RIC.

The CRC focus group decided to shelf the projedtraark it for reconsideration at a
later stage should the price of solar panels falhe subsidy situation change.

5.5 Wind turbine

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

5.6 IT Server Room

Implementation

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

Monitoring & verification

As with plug-in timers, monitoring & verificationrpved to be problematic. The
process was therefore implemented and the outcomterndined by visual

observation: a significant reduction in cooling tumiperation was observed as
summarised in table 36.

AC1
Observation | observed AC 2 observed
per AC Unit operation 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 beimgrfor 50% of the time,
whereas previously they were operating for 100%heftime. These data were used
to recalculate the savings from this opportunitpgéndix 20) and MACC and ERIC
were updated providing a carbon abatement codi3f.50 per tonne afo,e and an
IRR of 18.12%. CALORIC was also updated to showphsition of opportunity, in
comparison to other carbon reduction options, aftenitoring & verification.

5.7 Bitumen Tanks

Implementation

The company decided not to purchase vertical bitutaeks due to their weak case in
CALORIC, attached to the high capital requiredteas, it was decided to meet the
operational requirement by replacing 3 tanks wigfunbished electrically heated
horizontal tanks, which were readily available dbwaer cost of £10,000 each. There
was no technical information available on tank ggerse.

Monitoring & verification

After installation, an Elcomponent SPC Pro 3 pladaa logger (Elcomponent, 2010)
was installed on a refurbished and an existingnién tank both operated under
similar weather conditions. The cost saving was tlestimated from the result
(Appendix 21) and MACC, ERIC and CALORIC were upmtht The carbon

abatement cost was identified as -£25.20 per tohoe,e with an IRR of 9.51%.

5.8 Drying Rooms

Implementation

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

Monitoring & verification

Since the project was proposed after initial trtagrefore no further monitoring &
verification was carried out. However, there weigcdssions with the site manager
where these units were deployed to confirm satigfgcoperation. All five unit
managers reported better quality of drying postalgpent.

5.9 Storage Sheds

The company decided not to implement the storagessproject due to their weak
case in CALORIC, attached to the high capital resmli It was decided to shelf the
project and mark it for reconsideration at a Iatage.
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5.10Burner Replacement

The proposed burner replacement was also postpdoedto its weak case in

CALORIC, attached to the high capital required. Dlusiness case was revised with
updated fuel cost figures, but due to no signifiadifference in the project’s position

in CALORIC, it was decided to shelf the project andrk it for reconsideration at a

later stage.

After monitoring & verification and revision of thearbon reduction opportunities,
final costs and benefits were obtained, as showalle 37.

Opportunity Capital Cost | Annual Annual Project life | Annual

(£) Benefit (£) Costs time carbon
(£) (years) reduction
(tonne-CQ,)

Tamper-proof| 1,775 5,805 75 3 31

PSX switches

Induction 15,033 2,655 500 25 15

Lighting

Solar PV 120,000 10,498 500 25 21

Wind turbine | 320,000 31,713 3,600 20 57

Transport 6,000 22,160 6,750 5 42

fleet

management

Storage sheds 25,000 19,770 0 25 110

Drying room | 575 6,912 150 3 37

improvements

Refurbished | 30,000 6,324 600 10 48

bitumen tanks

Burner 30,000 15,000 500 10 83

replacement

IT server 15,000 4,138 200 10 38

room

improvements

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

5.11 Impacts of implementation on the Company

As observed during this research, the decision msakean organisation do not only

require reliable information on potential carborduetion opportunities and their

comparison to implement the most suitable onesthayt also require information on

the impact of implementations to decide their fartbarbon reduction strategy. After
the monitoring & verification, trust can be estabkd on potential savings from the
carbon reduction opportunities, but it still remgia question if these savings are
enough to achieve organisational targets, and tat wktent other factors can affect
reduction in carbon emissions.
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In addition to the energy efficiency and renewadnergy initiatives, absolute carbon
emissions in a company may reduce due to a numbéctors, such as reduced
business activity, an increase in energy awarepessdirect impact from other
activities such as maintenanet During this project, the company was operating in
a recessed market, and the business activity wemind Also, as the project
progressed, the buy-in from the employees at a#ll$ein the company was achieved
by sharing with them the information on impacts @RC through Focus group
communication, energy newsletters (see Appendix 84grgy toolbox talks (see
Appendix 35)etc Though all of this resulted in reduced absol@doon emissions, it
identified a new challenge of how to identify whehe change in the company’s
carbon emissions is coming from.

Due to the monitoring & verification of implementedrbon reduction opportunities,
the first part of the challenge was easily dealthwBased on the verified carbon
reduction potential of the opportunity and the timkeimplementation, it can be
readily quantified how much carbon emissions haesnbreduced due to its
implementation over a period of time. The remainiaductions in carbon emissions
are due to reduced business activity, increasedygravareness or other activities
indirectly affecting the energy use.

Impact of energy awareness is a subjective madtet,the most difficult to quantify
in such a large company such as Barr which hagaewgerational sites and over 600
employees. Similarly, there are hundreds of dastwaies of varying scale which can
indirectly affect energy use, and it is difficudt quantify their impact.

However, the impact of reduced business activityldde normalised by using a
sensible benchmark and key performance indicators.

It was difficult to identify and use benchmarks dael/ performance indicators for

different businesses of the company. Since the raguns of the project remained on

the quarries (i.e. industrial division) due to thearbon intensity, and also because
sensible key performance indicators (KPI) and beraok levels were already

available (Banes & Fifer, 2011), this analysis i@sised on the company’s quarries
only.

Energy Benchmarking

Table 38 shows the KPI that were identified for iBaQuarry 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 kwWh/metre-cube

Table 38: Quarry Products’ Latest KPI
It was decided to introduce benchmarking/KPI sheetbe completed by Quarry

Managers, to increase their awareness about enseggf their products, and also the
CRC costs of them. Appendix 36 shows the sheetsméie introduced to the Quarry
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Managers. The following challenges were identifiedter introducing the
benchmarking/KPI sheets.

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

- In the quarries that produce more than one of tbhdycts shown in table 38, it
was not possible for the Quarry Managers to spittacity consumption due
to the absence of sub-metering. The electricitysaarption was being split
based on a simple fraction of the products thaeviring produced. So, if a
quarry produced 5 tonnes of aggregates, 3 tonnesatéd products and 2m
of concrete, the electricity was then divided a%o50r aggregates, 30% for
coated products and 20% for concrete.

The first challenge was dealt with by providing @yaVanagers with a similar but

spreadsheet based tool. For the second issuegshediution is sub-metering, but due
to time and cost constraints, it was decided thatries would continue to split

electricity use in the above manner. Since this inadduced a problem, there was
another technique used at divisional level to gbamarbon emissions that have
changed due to business activity.

At divisional level, the number of tonnes of aggtegand coated material produced
was converted into equivalent units of concretee €quivalency was decided on the
basis of energy intensity of each of these prodbetsed on the latest published
benchmarks (Banes & Fifer, 2011). Table 39 showas llenchmark levels for these
products and their equivalent number of units afatete per unit of product.

Product Specific energy| Equivalence to units  of
consumption concrete

Aggregates 14.2 kwWh/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 aggesga tonnes of coated products
and 10 m of concrete products, its total equivalent proiuc{TEP) was given as:
TEP (5x7.474) + (3x61.895) + (10 x 1)
233.05 units

If the total carbon emissions during the productdrihnese materials were 1 tonne-
CQO,, then the KPI here can be given as:

KPI (CO, emissions x 1000) / TEP
(1 x 1000) / 233.05

4.29 kgCQunit

CO, Reductions at Barr Industrial

Table 40 shows the verified reduction in carbon ssipns in Barr’'s Industrial
division.
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CO; savings Cumulative

per No of units Annual CO , CO; saving to
Implemented Projects implementation implemented | saving (tonnes) date
PSX Switches 3.1 10 314 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 CO, Reductions in Barr Industrial

As shown in table 40, the verified savings were 1@8nes of CQ per annum.
Cumulative verified savings up to the closing ofe@&rch work were 374 tonnes of

CO..

To understand how the other emission reductiorofacaffected the division during
the same period, the carbon emissions, equivalexiuption and KPI figures, before
and after the research project, were populatedalet41.

Factor Pre- Project End | Change
Implementation | (Dec11-Nov12)
(2009)
Absolute annual C® (A 10,768 9,771 -997
reduction
- Reductions  from - -198 -198 (i.e. -
Implemented projects 20%")
- Reductions from other - -799 -799 (i.e. ‘-
factors 80%")
Total Equivalent (B) 11,611,007 10,934,515 -676,492 (il
Production -6%0’)
KPI1 (kgCQOy/unit) (Ax1000 | 0.927 0.894 -0.034 (i.e.
)/B 4%)

Table 41: CO2 emissions Pre- and Post-Project

Table 41 shows an interesting comparison: of th& @$hnes reduction in the
company’s carbon emissions, 80% of these came ffactors other than the
implemented & verified carbon reduction opportuestiHowever, this is not true. The
business activity significantly reduced during tperiod. As shown in table 41, the
equivalent production levels reduced by 6% in fyesiod. Therefore, it is unfair to
comment on absolute reductions without considering benchmarked energy
consumption, which showed to be reduced by 4%.

The benchmarking also provided a fair method tomege reduction in carbon

emissions from factors other than business actanity implemented carbon reduction
opportunities. It was assumed that, if none ofdakon reducing factor was there in
the company’s division, its KPl would have remainednstant. Based on this
assumption, it was estimated what the carbon eomssiould have been if the KPI
remained constant (i.e. remained at 0.927).
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Project End
. Pre-
Factor Unit Implementation If KPI
Actual remained
constant
Absolute
Annual CO; (tonnes-
emissions COy) 10,768 9,771 10,141
Total (tonnes-
Reductions COy) - 997 370
CRO* based (tonnes-
reductions COy) - 198 198
Reductions
from other (tonnes-
factors COy) - 799 172
Equivalent
production (production
units units) 11,611,007 10,934,515 10,934,515
KPI (kgCO»/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 thisidiv at the project’s end would

have been 10,141 tonnes of £fe. (0.927 x 10,934,515) / 1000} instead of 9477

tonnes if the KPI remained constant. If also sutggdsat, effectively, the company
has reduced 370 tonnes of its carbon emissiongadstf 997 tonnes. Of these 370
tonnes of emission reductions, 198 tonnes came ftwnimplemented initiatives

(assuming that the verified savings were unaffedigdthe change in business
activity). As this analysis is based on normalisedssions, the following conclusions
can be made.

- 370 tonnes of C®was reduced at the division during the researojept.

- 198 tonnes of this reduction came from the impleexkrcarbon reduction
projects, which was monitoring & verified. This wa4% (i.e. 198 out of 370)
of the effective reductions.

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

- Specific energy consumption reduced by 4% (i.emfi@927 kgCQunit to
0.894 kgCQ/unit).

Sensitivity Analysis

At this point, it should be noted that there wilvays be an element of uncertainty for
reasons as follows.

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

- The results from monitoring & verification have ithémitations, and the
simultaneously occurring maintenance activitiegrgy awareness campaigns
and so ommay also impact these results.

- Fuel and electricity use is converted into equinat&arbon emissions based on
conversion factors, which change over time and beasevised every year.
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- The equivalent production levels are based on ingwaverages for the three
major products from the quarries, and it is difficto find exact product
specific energy use/carbon emissions without appatgp sub-metering in
place.

Sensitivity analysis was carried out to determihe tmpacts of uncertainties in
verified savings and product specific energy beratksias given below.

Factor 0% +10% -10%
Total Reductions (tonnes-COy) 370 100% | 370 100% | 370 100%
CRO* based
reductions (tonnes-COy) 198 54% | 218 59% | 178 48%

Reductions from
other factors (tonnes-COy) 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 frbmimplemented carbon reduction
opportunities and other factors may individuallyange by up to 6% due to
uncertainty in monitoring & verification. To anag/ghe impact of uncertainty in
product benchmarks (or specific energy consumptian}0% change was assumed
for each individual product as shown in table 44g(agates), table 45 (coated
products) and table 46 (concrete). As known alreadgted products are the most
energy intensive of quarries products. As shownainle 45, coated products can
impact the share of reduction up to 10% of its galu

Product Unit 0% +10% -10%
Aggregate | (KWh/unit

s ) 14.2 15.62 12.78
Equivalent Initial Final Initial Final Ipitial Final
production | (productio | 11,611,00 | 10,934,51 | 12,077,41 | 11,315,27 | 11,144,60 | 10,553,75
units n units) 7 5 1 9 4 1
Total (tonnes-

Reductions | COy) 370 100% 317 100% 426 100%
CRO

based (tonnes-

reductions | COy) 198 54% 198 62% 198 46%
Reductions

from other | (tonnes-

factors COy) 172 46% 119 38% 228 54%

Table 44: Impact of uncertainty in Aggregates benchnark

Based on this research, it was identified thatdbepany’s most energy intensive
division has reduced its specific carbon emissitsre than half (i.e. 54%) of these
reductions came from the implemented carbon redligtpportunities, and the rest
were from other factors such as increasing enengyeness and maintenance.

If all of the carbon reduction opportunities propdsduring this research were

implemented, the division would have achieved aucédn of 654 tonnes (i.e.
reductions from carbon reduction opportunities duions from other factors = 482
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+ 172 = 654 tonnes) of normalised carbon emissiamd,the share of reductions from
carbon reduction opportunities would have been T#8tead of 54%. The reduction
in specific energy consumption, in this case, wdwge been 6% instead of the 4%

that was actually achieved.

Product Unit 0% +10% -10%
(KWh/unit

Coated ) 117.6 129.36 105.84

Fquivalen Initial | Final Initial _ Final Ipitial  Fjnal

productio | (productio | 11,611,00 | 10,934,51 | 12,299,24 | 11,642,03 | 10,922,76 | 10,226,99

n units n units) 7 5 6 3 9 6

Total

Reduction | (tonnes-

s COy) 370 100% 422 100% 311 100%

CRO

based (tonnes-

reductions | CO») 198 54% 198 47% 198 64%

Reduction

s from

other (tonnes-

factors COy) 172 46% 224 53% 113 36%

Table 45: Impact of uncertainty in Coated Productsbenchmark

Product Unit 0% +10% -10%
(kWh/unit

Concrete | ) 1.9 2.09 1.71

Equivalent Initial Final Initial Final Initial Final

production | (productio 11,611,00 | 10,934,51 | 10,561,33 | 9,945,16 | 12,893,94 | 12,143,71

units n units) 7 5 3 7 3 8

Total

Reduction | (tonnes-

s COy) 370 100% 369 100% 370 100%

CRO

based (tonnes-

reductions | CO,) 198 54% 198 54% 198 54%

Reduction

s from

other (tonnes-

factors CO») 172 46% 171 46% 172 46%

Table 46: Impact of uncertainty in Concrete Producs benchmark

In order to devise a strategy to achieve its 15%arareduction target, a spreadsheet
tool was developed based on the analysis. As shovwamapter 6, section 6.6, the
company may either chose to implement the top Borareduction opportunities or
all 10 proposed opportunities. From other factthrs,reductions have been quantified
in this analysis to be 172 tonnes. Three diffess@narios were assumed on the basis
of this.

Scenario 1: Company implements the top 6 opportunities andréaeictions from
other factors remain constant (i.e. 172 tonnes).

Scenario 2: Company implements the top 6 opportunities andréaictions from
other factors are doubled (i.e. 172 x 2 = 344 tehne

Scenario 3: Company implements the top 10 opportunities amdrédductions from
other factors remain constant (i.e. 172 tonnes).
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To predict absolute carbon emissions in future gjgawvas assumed that in each year
absolute carbon emission will be the total emissithout any implementation (i.e.
total production units in the year x KPI before m@ject) minus carbon reduction
opportunities based reductions minus reductions) fadther factors. For example, if
the company has the following figures for year ben 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 kg@0nit;

C = CRO based reductions by this year: 985 tonnes;

D = other factors based reductions by this yeé4:t8nnes.

Therefore, in the given case, the absolute emissibithe company in year X will be
12,582 tonnes and KPI for the year will be 0.838.(a 10% reduction in specific
energy consumption). Table 47 shows the same edions performed for various
stages including before project, after project gnden different scenarios for the
future.

Before This

Factor Unit Project Project _ Future_ _

Scenario Scenario Scenario

Actual Actual 1 2 3

Absolute
Annual
CO» (tonnes-
emissions COy) 10,768 9,771 12,754 12,582 11,853
CRO
based (tonnes-
reductions | COy) 0 198 985 985 1886
Reductions
from other | (tonnes-
factors COy) 0 172 172 344 172
Equivalent
production | (production
units units) 11,611,007 10934515 | 15,000,000 | 15,000,000 | 15,000,000
KPI (kgCO,/Unit) 0.927 0.894 0.850 0.839 0.790
Reduction
frombase | (%) - 4% 8% 10% 15%

Table 47: Scenarios to achieve CQeduction in future

Based on this analysis, it was concluded that dmepany must implement all of the
suggested CRO to achieve its 15% reduction tafged. lack of implementation of
CRO may be overcome by increasing energy awaremaasagement control,
improved maintenance procedures and the like.
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5.12 Chapter Summary

The carbon reduction opportunities were implemeiatféer taking into consideration
the information from CALORIC, MACC and ERIC. In @dto reduce the risk,
CALORIC helped in picking the opportunities to iraplent in a staged manner and
undertake monitoring & verification in a progressimnanner. The outcome showed
that even a top energy saving opportunity may nakvas expected due to practical
factors. Plug in timers, which could be appliedsfrace and water heaters, did not
work initially due to their vulnerability (staff tapered or theft). The replacement
product was tamper-proof and worked, but then agseres arose such as the need for
programming, the added time of a qualified elericand human factors.

With lighting, after the trial implementation of CElighting in three test areas, it was
demonstrated that while the approach can offerngavin electricity consumption,
there are also negative factors. For example, ihamce levels were not as good as
that provided by of conventional SON light althowggil acceptable for a car park. In
the paint shop, the illuminance levels were noeptable for the work task while in
the workshop stores the light levels were acceptalthough not as omni-directional
as a fluorescent tube. It was also found that whenhasing LED lamps, the housing
and capacitor quality is a critical issue to avprémature failure. Induction lighting
was also tested and found to offer good illuminaneeels, omni-directional
performance and long life.

For Solar PV, the reduction in the feed-in-tarétluced the Company’s motivation to
install this renewable energy source. It also deszd the confidence in Government
incentive schemes.

It was difficult to get the Company’s transport ragars go scrutinise the monthly

transport reports due to their busy schedule. Simese reports were being generated
at monthly frequency, it proved difficult to drilown into energy waste issues. A

telematics system was therefore tried, which prdedsk an effective solution.

In case of the bitumen tanks, the important lessa@merge is that the capital cost of
a new system may result in the selection of a befbied product that offers a lesser
carbon reduction and return on investment.

Based on the revised figures obtained through tleaitoring & verification of
opportunities, updated MACC, ERIC and CALORIC cwweere constructed as
shown in figure 30 (CALORIC), figure 31 (MACC) afigure 32 (ERIC).

It was also identified that, in addition to the egeefficiency and renewable energy
initiatives, absolute carbon emissions in a compamay reduce due to a number of
factors, such as reduced business activity, araser in energy awareness or indirect
impact from other activities such as maintenamte Decision makers in an
organisation require this information to understainel real impact of implemented
carbon reduction opportunities and to decide thether carbon reduction strategy.

Based on the analysis, it was concluded that tingpeoy must implement all of the

suggested carbon reduction opportunities to achte\i% reduction target. The lack
of implementation of suggested carbon reductionodppities may be overcome by
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increasing energy awareness, management contqmipued maintenance procedures
and the like.
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Figure 30: Revised CALoORIC for Barr
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Figure 31: Revised MACC for Barr
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6 CONCLUSIONS & FUTURE WORK

A number of drivers such as rising energy pricegjntaining competiveness and
stakeholders requirements are now pushing busisiéeseeduce their energy usage
and carbon emissions. Initiatives introduced by th€ government such as CRC
Energy Efficiency Scheme have increased this presdihis research addressed the
gap between available and required informationhenitpacts of CRC and possible
ways to mitigate them. A company with a diversegeaf operations, but mainly
Aggregates and Construction, was chosen as a neamgestigate CRC impacts and
mitigation approaches. This chapter summarisesdbearch findings and possible
future work.

6.1 Impacts of CRC on the Company

Some researchers have examined how CRC has affpatédipants in general or
those in particular sectors such as Health, W&emmercial Property etc. They
identified the problems initially faced by Energsfiity Managers to assess their
gualification for the scheme. For organisationg tra already part of CCA/ EUETS
the problem is even more difficult. Any quantificat of the financial impacts
associated with the scheme could not be found énavailable research. For the
mitigation of impacts of CRC, tools have been ssgg such as the Marginal
Abatement Cost Curve (MACC) and the Emission Redoctnvestment Curve
(ERIC). Little information was available on how thpproaches compare and how
effectively they are when applied.

In this research, the impacts of CRC were analyiseda company operating in
Aggregates and Construction sectors. It was obdetlrat CRC has significantly
impacted the company. Due to the nature of the emyip activities, energy
information was available in different formats ameld within IT systems distributed
across business divisions. The complexity of tHermation, required by CRC for
qualification assessment and to meet liabilitiess imtroduced new challenges in
sourcing, recording and analysing data. Identiiicaiand implementations of new
systems & procedures were found to be essentigh®CRC participant to meet its
regulatory requirements. The following key stepsrevéaken 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 burdenitsrparticipants. A major share of
the CRC costs arises from the purchase of cardowahces, 88% of the total CRC
cost in this case. A significant number of persoots are also being consumed to
meet the requirements of CRC, 9.3% of the total GRE&! in this case. The overall
financial impact of CRC on the company was in thege of £253,064 to £292,652,
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i.,e. ab5.06% to 5.85% addition to the companyergy cost due to CRC. Huge fines
are imposed in cases of non-compliance. Due tcsitp@ficance of the person-hour
costs, it was identified that a new CRC InformatiSgstem would significantly
reduce the financial impact.

6.2 Identification of opportunities — Use of MACCa nd
ERIC tools

Based on company energy usage information, an grmageline was established.
This information highlighted the need to focus ba guarries, which are responsible
for more than half the company’s energy costs asdban emissions. Diesel for
transport, which is out of scope of CRC, was fotmdbe the biggest energy cost to
the company.

After an initial analysis, a mix of renewable energnd energy efficiency

opportunities were identified as candidates for lajgpent. Some of these

opportunities, such as IT server room improvemeodting plant burner replacement
and bitumen tanks replacement, were already beamgidered by the company.
Additional opportunities were identified, such asransport reporting system, new
aggregate storage sheds and drying room improvemigmough analysis of existing
data and discussion within the CRC focus group.lysis of metered data and day-
time and night-time surveys were also carried ¢uh@ company’s main premises to
identify energy saving opportunities such as pluginers, energy efficient lighting,

solar PV and local wind turbine deployment.

A business case was developed for each of the ifi@ehtcarbon reduction
opportunities, and a number of uncertainties werantified, such as cost variation
over time and changes in energy/financial savings w factors such as weather,
market situation, energy prices, available incesgj\numan behaviour etc. Unverified
and green-washed information also added uncertaliyassess and implement the
opportunities, MACC and ERIC curves were plotted ahared within the company’s
CRC focus group.

MACC was found to be counter-intuitive due to pesit carbon reduction
opportunities falling in the negative axis of thietfed curve, and it also does not
consider the internal rate of return of the oppattes, which is considered a more
reliable measure for the CEO and CFO. The counteitiveness is an unavoidable
aspect of this tool; otherwise it would not be abdelet the user compare the
abatement cost against a carbon allowance price.

In addition to such previously identified issuesprenissues emerged during this
research. The existing MACC model does not take actount the impact of inflation
on the costs and benefits of a scheme over itditife, which reduces the robustness
of the data obtained. Due to the uncertaintiestifiest during the development of
business cases for the opportunities, it was hgpted that a careful approach is
needed when using this tool.

The other tool, ERIC, emphasises the IRR of prejécit does not give an indication
of the carbon abatement cost, such as in £ peret@fircO,e, against the carbon
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allowance price. Due to the large range of IRR fré% to 1849% for the actions

considered in this research, a logarithmic scale mecessary on the y-axis, which
makes it difficult to compare opportunities. BotrARIC and ERIC are dependant on
a project’s life time value in calculating the omtee, which itself is another

uncertainty. As with MACC, it was identified thatcareful approach is needed while
using this tool.

In terms of comparison of opportunities, it wasniieed that both tools mostly
provide similar ranking of the available opportigst However, this may change with
time for some opportunities. Decision makers mustide whether they wish to
proceed on the basis of value for stakeholders bateaent cost. In ERIC, all
opportunities are viable, either less or more, wagMMACC can help to choose those
opportunities that are viable for a CRC participantconversely, which opportunities
should be implemented to achieve a certain emisgietuction target. There are also
other organisation specific factors which influetice decision, such as availability of
capital, and the level of risk that can be takeniriaovative technologies. In addition
to the uncertainties associated with carbon redaatipportunities, there are certain
risks associated with innovative technologies, sashbeing scammed or green-
washed. Therefore, it was identified that an impbvapproach is needed for
implementing the identified opportunities to redtice risk.

To address the issues identified in using MACC BRIC, a blended approach was
identified during the research. A simple tool, ndn@ALORIC (Carbon Abatement
Low Risk Abatement Curve), was developed to shogawisation specific results in
identifying the most suitable carbon reduction appaties. This tool provided
information for both CEO/CFO and investing stakeleo$ in terms of IRR, and the
information for CRC returns in terms of £ per tonoeCcoO,e. The plot includes
flexible vertical and horizontal lines, allowingetluser to choose their desired carbon
abatement cost (MCAC) or minimum IRR (MIRR), or lboln addition, it also allows
the highlighting of low risk opportunities and muakt projects. In this manner it helps
the company to choose the low risk and must do ppibies out of these MCAC
and MIRR bands. A company may also highlight oppaties that are out of its
available capital budget and ignore these oppdrasneven if these are within the
chosen bands of MCAC and MIRR.

It was demonstrated in practice that CALORIC isettdy decision support tool than
MACC and ERIC alone or together. The flexibility@ALoRIC to adjust the required
IRR and carbon abatement cost was found to be lugdfaugh like ERIC, it had a
logarithmic scale, but since the required IRR (dRR) is adjusted by the user, there
is less chance of ignoring the fact that it is galdthmic scale. The main purpose of
these tools is to reduce the risks and uncertaintieen making decisions, and it was
found that highlighting opportunities with possibfgartial implementation’ was a
very good idea to pick opportunities with less fsicertainty. The ‘must do’
opportunities were highlighted, which also savedeti This tool can be even more
helpful when there are a large number of availablgortunities.

Use of the CALORIC tool is the recommended outcah¢his research. However,

MACC and ERIC may also be provided to the decismakers for further reference,
or to look at the cumulative impact of implementmgltiple projects.
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6.3 Lessons Learnt from the Implementation of
Opportunities

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

Plug-in timers

Plug-in timers, which were assumed suitable to sawergy consumed by electric
space and water heaters, could not work due ta thdnerability to be easily
tampered or removed. The other product, innovad8& switches were tamper-proof
and provided energy savings, but then other issuesrged such as the need for a
programming PC, a qualified electrician, a hidderSBU port, as well as
reprogramming costs and human behaviour issuahiolived that even a top energy
saving opportunity may not work as expected dugrtgple operational factors.

Energy Efficient Lighting

After the trial implementation of LED lighting irhtee test areas, it was realised that
LED lighting can offer savings in electricity comsption, but there are other issues
with the technology. In the parking area, the lupsity of the lamps was not observed
to be as good as a conventional Sodium lamp, aitingtill acceptable for a car park.
In the paint shop, the painter complained that Itlreinosity level was less than
acceptable for the work task, which was later goméd by a lux level check. In the
workshop stores, the light level was found to beeptable though it was not as omni-
directional as a fluorescent tube. It was also tifiled that, while purchasing LED
lights, the housing and capacitor quality must bsueed since there is a danger of
their failure much before the end of their staiésl |

Another energy efficient lighting solution, indumi lighting, was also tested. The
lamps were claimed to offer improved lux levels,airectional cover and longer
life. The initial tests confirmed a better performma of induction lights over LED
lighting. A comparison has been shown in secti@ table 35.

Energy efficiency versus renewable energy

The project provided an insight into the comparibetween energy efficiency and
renewable energy systems’ opportunities. It wastifled that even low cost and
quick solutions can produce effective results. BOCRC participant, renewable
energy systems will become more viable if the eypeagd carbon prices increase
further, or if the incentives are increased, dhé cost of the technology is reduced.
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Despite the results from MACC / ERIC or CALORIC,wias observed that due to
government’s actions within incentive schemes, saslhrepeatedly changing CRC
and Feed-in-tariffs, there is an environment ofeutainty and businesses are finding
it difficult to place confidence in such schemdasbécomes even more difficult if

there is a high capital involvement.

Transport energy savings

In transport energy systems, after the initiallgriat was found difficult to get the

transport managers go through the monthly transpepbrts due to their busy
schedule. Since the reports were being generatéd avimonthly frequency, the

transport managers found it difficult to drill downto energy wastage issues. An
entity-based telematics system was tried and thgslemented, which has proved
successful.

Bitumen tanks

In the case of bitumen tanks, the proposal wasimptemented due to its weak
position in CALORIC based on high capital involveahd refurbished tanks were
purchased to meet the immediate demand. The imgqgytant to note here is that the
capital cost of the system may push the organisatiogo for refurbished products
that offer a lesser carbon impact and return oestment.

6.4 Monitoring & Verification

The outcomes of this research indicate the impoetasf monitoring & verification
procedures after the implementation of opportusitigne challenge however is that it
may not always be possible to exactly measure bg®ent in every case. However,
with careful planning, a pre- or post-installatimonitoring & verification scheme can
be designed.

Improved approach for carbon reduction

A traditional approach in the implementation of ggyesaving and carbon reduction
opportunities is the use of a ‘Plan-Do-Check-Acbdrl. This is a basic model and
requires further expansion to identify the bestpsa approach for carbon abatement
opportunities. The following approach was usednplement the carbon reduction
opportunities at Barr.

Establishment of energy/carbon baseline.

Identification of carbon reduction opportunities.

Use of decision support tools to analyse the oppdrés.

Implementation of opportunities based on orgaroesatspecific criteria.

134



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

However, during the project it was identified tlthere were further steps required
before and during the implementation, that werécali to the successful outcome
from these opportunities. The importance of partrgllementation and monitoring &

verification (M&V) were realised. It was identifiethat there is a need for an
enhanced approach rather than a simple Plan-Dokcheicmodel to ensure that

carbon reduction opportunities result in real emrss reduction. It was identified that

without a better approach there is a danger ofgogneen-washed by using some of
the new/innovative technologies.

In addition to the dangers associated with newiandvative technologies, there are
also issues with existing technologies, as thaaricial impacts change with time due
to changes in the incentivising schemes and otheentainties, and their emissions
impacts may also change as more knowledge becoweskalde. The approach
practised during this research has proven efficggmte it saved the company from
fully implementing the opportunities that would neork, helped the company track
its real carbon reductions against targets, pravikxision making models to identify
the most viable opportunities, and helped to asslessimpact of implementing
opportunities in terms of CRC and long term carleduction targets. Figure 33
represents a model of this approach, accordinghichwan opportunity can perform
as expected (‘OK’ in the model), better than expedctOver-perform’ in the model),
slightly poorer than expected (‘Under-perform’ hetmodel), or unacceptably poorer
than expected (‘Disaster’ in the model). Red arravesfollowed when an opportunity
does not perform as expected.

6.5 Real reduction in emissions

It was also identified that, in addition to the egeefficiency and renewable energy
initiatives, absolute carbon emissions in a compamay reduce due to a number of
factors, such as reduced business activity, araser in energy awareness or indirect
impact from other activities such as maintenamte Decision makers in an
organisation require this information to understainel real impact of implemented
carbon reduction opportunities and to decide thether carbon reduction strategy.

Due to the monitoring & verification of implementedrbon reduction opportunities,
it was already quantified how much carbon emisslaatreduced due to them over a
period of time. However, there were other initiaBvsuch as energy awareness
through Focus group communication, energy newstetienergy toolbox talkstg
which resulted in an increase in energy awarer@ssng this project, the market
conditions were also recessed which provided funtb@uctions in carbon emissions.

The Energy Benchmarking / Key Performance Indicatere initially introduced in
company’s most energy intensive Industrial divisiorraise awareness. However, to
guantify the carbon emission reductions due toetlodser factors, the emissions were
normalised using existing benchmarks / key perforceandicators.
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Figure 33: Improved approach for carbon reduction g@portunities
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Following conclusions were made on the basis af dnalysis.

- 370 tonnes of C®was reduced at the division during the researojept.

- 198 tonnes of this reduction came from the impleexkrcarbon reduction
projects, which was monitoring & verified. This wa4% (i.e. 198 out of 370)
of the effective reductions.

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

- Specific energy consumption reduced by 4% (i.emfi@927 kgCQunit to
0.894 kgCQ/unit).

It was also concluded that the company must imphera# of the suggested carbon
reduction opportunities to achieve its 15% reductitarget. The lack of
implementation of CRO may be overcome by increasemgrgy awareness,
management control, improved maintenance procedumeshe like.

6.6 Next steps for the CRC participant

The next steps will include further disseminatiof mreviously implemented
opportunities that proved their ability to reducarbmn emissions, and the
implementation of opportunities which were previgysostponed for miscellaneous
reason. Business cases for the suggested projects ie-assessed on the basis of
latest available information. Table 48 shows theseposed projects. CALORIC
(Figure 36), MACC (Figure 37) and ERIC (Figure 38) the next steps have also
been developed on the basis of learning outconues this research. As suggested
earlier, the position of renewable energy systems improved due to reducing
technology price and new incentives.

The top six opportunities in table 48 will cost 23800 (i.e.18.06% of the total cost),
but will reduce carbon emissions by 985 tonnes %2223%). Although the IT server
room project does not occupy an impressive positiohoth MACC (9" rank) and
ERIC (6" rank), the project was implemented due to its ireguimpact on the server
room. The top six opportunities will also save 8PD annually in CRC costs at £12
per tonne of CQ (i.e. 12 x 985). In total, the top six opportuestiwill save the
company £192,144 per annum (i.e. CRC saving + dnbe@efit — annual cost).
Implementing all of the opportunities will cost tkempany more than 5 times the
cost of implementing the top six but will save 08B2,632 annually in CRC costs at
£12 per tonne of C{)i.e. 12 x 1886). In total, implementing all 10paptunities will
save the company £401,089 per annum (i.e. CRC gaviannual benefit — annual
COSt).

As concluded in section 6.5, the company must impl& all of the suggested carbon
reduction opportunities to achieve its 15% emissiggduction target. However, due
to significant costs of the last 4 opportunitidse ttompany should consider other
options such as increasing energy awareness, nraeagecontrol, improved
maintenance procedures and the like.
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Opportunity Capital | Annual | Annual | Project | Annual carbon
Cost Benefit | Cost life time | reduction
(E) (E) (E) (years) | (tonne-CQ)

Tamper proof PSX 8,875 29,025 375 3 157

controls (50 units)

Transport Energy 6,000 22,160 6,750 5 42

Management

Drying room| 1,725 20,736 450 3 111

improvements (1%

units)

Burner 150,000 | 75,000 2,500 10 417

replacement ()

units)

Aggregate  sheds50,000 39,540 0 25 220

(2 units)

IT Server room 15,000 4,138 200 10 38

Energy Efficient| 45,099 7,965 1,500 25 45

Lighting (3 times

implementation)

Vertical bitumen| 500,000 | 120,000 2,000 10 740

tanks (10 units)

100 kW Solar PV | 137,500 20,692 100 20 42

100 kW wind| 368,201 | 57,573 4,497 20 74

turbine

Totals 1,282,40Q 396,829 | 18,372 1,886

Table 48: Next steps: Proposed carbon reduction pjects

Table 49 shows a comparison of various opportumnitat achieved a different rank
suggested by MACC and ERIC over the duration of tlesearch. The rank of the
opportunities varied mainly after the monitoring \&rification, in addition to the
factors such as reducing technology price and afsimgavailable incentives.

Comparison of position of opportunities

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

Table 50 shows the changing positions of oppornesiin MACC only, and table 51
shows the same for ERIC only.
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Opportunities MACC Position  Rre Implementation  Afte r M&V | Future Plan

Bitumen tanks
IT server room
Energy efficient lighting

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
7 8 8
8 6 9
9

~
=
o

Wind turbine 10 10 2
Table 50: Comparison of position of opportunitiesfom MACC
Opportunities ERIC Position  Bre Implementation  Affe  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 opportunitiesifom ERIC

However, the CALORIC curve remained fairly consistior the opportunities within
the selected MIRR and MCAC. The top three oppotiemiremained the top three
throughout, and nature of partially implementabiel anust-do projects remained
same any way. Based on its policy and stakeholawsds, the company can adjust
either the MIRR or MCAC, or both, until sufficiesarbon reduction opportunities
have been chosen to achieve the organisationatsarg

6.7 Extrapolation to other CRC Participants

This research has focussed in one company (Bamlgtdify and quantify the impacts
of CRC and the mitigation opportunities. As ideetif in the research, aggregate
sector companies are experiencing adverse impactalthe CRC scheme, but the
scheme also brings opportunities to not only redeemdon emissions but also the
costs associated with energy use.

At this point, it was considered appropriate tocspate on how the observed impacts
may be translated to other organisations. Cleduily task is easier for organisations
similar to Barr (i.e. with major energy use relatechggregates) than to organisations
operating in other sectors.

A step-by-step approach was used to extrapolateethdts of this project to other
CRC participants. A brief description of each dtfows.
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Step 1: From the only available CRC Performanceguedable for the year 2010-11,
30 companies were randomly selected from 10 diftesctors (i.e. 3 companies
from each sector). Table 52 shows the selected aniep and their CRC emissions.

Emissions (Tonnes

Organisation Name Sector of CO»)

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 PlIc 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 Retall 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 Patrticipants and their emissions

Step 2: From the list of carbon reduction oppotiasiidentified at Barr, possible
opportunities were assigned to each sector. Fanpbea
- all carbon reduction opportunities that have bedsmtified at Barr can be
implemented in all other aggregate sector companies
- for Councils, the carbon emissions some opporesdis implemented at Barr,
such as energy efficient lighting, PSX tamperpraeifitches, renewable
energy systems (Wind and Solar PV), drying roomudsgMification and
transport energy reporting system were deemedastev
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Table 53 shows the carbon reduction opportunitiesifthe Barr study that may be
implemented in other sectors. The following assuomgt were made while
extrapolating the results from this research t@iotrganisations.
- These opportunities have not already been implesdent
- The opportunities have the potential to reduce gioms in other organisations
by the same percentage as realised at Barr

Sector Implementable opportunities from Barr

Aggregates All

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

Energy efficient lighting, Tamperproof controls,

Renewable energy systems, Drying room
Construction improvements

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

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

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

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

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

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

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

Table 53: Opportunities from Barr to other sectors

Step 3: For each sector, the following three valuese calculated as shown in figure
34.

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

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

- Annual financial benefit per tonne of G@duced. To obtain this value, the
estimated financial benefits when reducing thess&ons were normalised to
the amount of emissions that can be reduced (demod in figure 34).

For example, in aggregate sector companies, whikrepportunities can be
implemented, these were estimated to reduce thHe @lated carbon footprint
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by the same percentage (i.e. 13.19%) as deterniameBlarr. In Councils, it was

assumed that the suggested opportunities can re3if8éo of their CRC related

carbon footprint, as would result at Barr from #gnegportunities.
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Figure 34: CO2 reductions for CRC Participants

Step 4: The percentage reductions in each sectar tiven applied to the CRC related
carbon emissions of each selected CRC participagqaantify the reducible emissions

(see column D in figure 35).
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Figure 35: Reducible emissions and financial benéfi
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Step 5: The C@reduction cost per tonne of G@duced, identified in step 3, was
applied to the reducible emissions identified ire@S# to calculate the total GO
reduction cost to the company for implementing ssteed opportunities (see column
F in figure 35).

Step 6: The annual financial benefit per tonne 6% @educed, identified in step 3,

was applied to the reducible emissions identifre@tep 4 to calculate the total annual
financial benefit to the company for implementingggested opportunities (see
column H in figure 35).

Step 7: Total financial benefit to each selectedCQ#articipant, after implementing
the opportunities, was calculated by adding thdscaad benefits for the year (see
column | in figure 35). The figure in this columroaes not include the capital
expenditure, but the annual benefit can indicager¢turn on invested money.

Carbon abatement opportunities for other participan ts

As observed in this analysis, some or all of theb@a reduction opportunities
identified at Barr can be applied to organisatiopgrating in other sectors. In the
aggregates sector two major companies, LafargeAagtb American (Tarmac), can
reduce almost 17,000 tonnes of £Ry implementing the same opportunities. In
sectors other than aggregates, significant redugtean be achieved mainly in large
emitters. The C@ reductions indicated in the analysis range fro®8% in the
Banking sector to 3.29% in Councils.

Though the calculations were based on a numbessafnaptions, implementing the
opportunities are highly likely to result in sigednt savings.

Financial impacts of CRC on other participants

An effective way to compare the financial implicais with and without
implementation of suggested carbon reduction oppdrés is to compare columns B
and | in the figure 35. Column B shows the CRCwadloce costs when no action is
taken to reduce emissions, whereas column | shdwscosts related to CRC
emissions when suggested opportunities have begenmented.

Due to the maximum opportunities available for Aggate sector companies, they
can expect maximum benefit from these opportunifié4se companies can actually
save more money than they will normally lose inipgythe CRC allowance costs.
There are also significant benefits for other lamymitters, such as retail and
supermarkets, as the annual benefit to them byem@hting suggested opportunities
range from £1.3 million to £13.6 million.

The current analysis for CRC participants othentBarr does not include other CRC
related costs to them, such as costs in data tiole& collation, person-hours, early
action metric, expert suppodtc However, these costs would vary by organisat®on a
each organisation has different systems, procedur@svailable resources.
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Use of approach for other participants

The approach identified in this project can be ubgdother CRC participants to
identify the impacts of CRC on their business, twestigate potential carbon
reduction opportunities, and to establish the syste& procedures required for
compliance in the scheme. Even companies not geating in CRC can benefit from
the tools identified in this research and usedHheranalysis of opportunities to inform
decision making.

6.8 Future work

Though every effort was made to carry out the mebeas one project, the work still
had limitations, such as:

- Private sector participant: The research wasezhout in a private company, so the
research does not provide an insight into how tiesie may affect a public sector
participant. A public sector participant may use #ame approaches as used in this
project, although the systems and procedures maljffieeent.

- EU ETS / CCA emissions: The research was caoigdn a company that does not
participate in EU ETS, and is also not a part of @imate Change Agreement. The
systems & procedures required for other companiag lbe different. However, the
MACC can be more helpful for EU-ETS patrticipants tlae market drives the carbon
allowances price in the scheme.

- Though every effort was made to use the lategilahe data and information where
possible, it was not possible to keep up to datk thie latest information about all of
the systems and opportunities in a project witthsutarge scope.

The following future work is proposed.

- Development of CRCIS
It is proposed to develop the information systenosehcharacteristics have been
identified in this research in chapter 3, sectich 3

- Use of MACC / ERIC / CALORIC for greater carbon reduction targets
It is proposed to use the method identified inphgect to analyse the impacts &
mitigation opportunities of CRC on more organisatisuch as

= a public sector organisation;

= organisations with different levels of emissions;

= organisations with emissions partially covered bi+EETS / CCA;

= organisations that hold some other equivalent ofb@a 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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9 APPENDICES

APPENDIX 1: Interview 1 — Organisation & Impacts of CRC

Interview 1: Company’s energy use and its participdon in CRC

Date: 15-Feb-2010
Job Title: Engineering Manager

Part 1: Organisational structure and operations

Q. Is this company a public / private sector partigpant in CRC?

Answer - We are a private sector organisation gigdting in CRC.

Q. What are company’s main operations?

Answer - The Company operates in a diverse rangbusfness sectors such as
aggregates, construction, landfill sites, wasteyakng, steel fabrication, and
agricultural precast. However, the major businesgédbe company are construction,
aggregates and landfill.

Q. Does the company operate at more than one siteuildings?

Answer - Yes

Q. How many sites does the company operate at? Atbese all permanent
locations?

Answer - At the moment, the company has 17 perntaoperational sites, which

include 3 head offices in different parts of Scetlai.e. Cumnock, Paisley and
Livingston. There are also 17 temporary construcsibes, and 9 permanent but non-
operational sites for other divisions (such asceffi not in use and temporary
accommodations for employees).

Q. What are the geographical boundaries of companyg’business?

Answer - We operate mainly within South West of tkoal, with our Construction
division operating all across UK.

Q. Please explain the organisational structure ofgur company.
Answer - Barr Holdings is owned by Trench Holdingikere are four main divisions

of Barr Holdings, which are Industrial, Construatio Environmental and
Manufacturing.

153



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

Barr Industrial: Industrial division is mainly operating in Aggrega sector, which
includes quarrying, asphalt production, readymixiarete production and road
surfacing & civil engineering works.

Barr Construction: Construction division has a big portfolio of corig
construction management for projects such as tadspgchools, retail stores, stadia,
wind-farms, leisure centres, residential and indaisbuildings, etc.

Barr Environmental: Environmental division includes landfill, wastecyeling /
transfers and skip for hire.

Barr Manufacturing: Manufacturing division includes Precast concretedpction
and Steel fabrication businesses.

The Chairman of Barr Holdings has appointed two &ang Directors, BW and BC.

BW is the Managing Director for Barr Industrial, iBBeEnvironmental and Barr
Manufacturing, whereas BC is the Managing DiretdoBarr Construction.

Part 2: Company’s participation in CRC

Q. Does the company know its Half Hourly electriciy supply during the first
CRC qualification year (i.e. 2008)?

Answer - Yes

Q. How much Half Hourly electricity was the companysupplied with during the
first CRC qualification year (i.e. 2008)?

Answer - 7,765 MWh

Q. How was the half hourly and non half hourly suppy differentiated to
calculate the qualification period half hourly supgy?

Answer - Based on information from our electrigtyppliers
Q. Is there a record of information received from é&ectricity suppliers?

Answer - Yes
(Note: This information record was requested, bas wot 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 20¢0 deadline.
Q. Is your organisation participating in CRC as a sgle entity?

Answer - Yes
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Q. Does your company hold a Climate Change Agreemgn
Answer - No

Q. Is your company patrticipating in EU ETS?

Answer - No

Q. Does your company generate any renewable energy?

Answer - No. Our Landfill sites generate biogas thetoperational control of gas use
/ electricity generation has been sold to anotbergany.

Q. What is your understanding of the CRC scheme?

Answer - We understand that it is a mandatory seh&here companies reducing
their carbon emissions and taking responsible mctach as achieving Carbon Trust
Standard and rolling out voluntary AMR meters, Wil rewarded from CRC’s money
recycling pot.

Q. What are the key challenges the company is fagnn understanding the CRC
scheme?

Answer - We need to understand how the schemeimyhct us in the longer term.
We need to understand the financial impacts ofsttfeeme to reduce any possible
financial risk, and also how the revenue recychpgortunity can be best utilised to
gain the financial benefit. We need to see the ohphscheme on our existing energy
costs. We also need to understand what we shouttbibg 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 withFRC?

Answer - In a workshop organised by Carbon Trustrealised the need for Carbon
Trust Standard certification and roll out of AMR t@es as the first steps. | was then
given the responsibility to achieve these. Dueup efforts, we achieved the Carbon
Trust Standard certification in 2009. We starteling out AMR metering as well,
and aim to complete installation of AMR metering alh of our major electricity
consumption sites by April 2010.

Q. Has a person been appointed to take the lead responsibility for company’s
participation in CRC?

Answer - | have been taken the lead in terms ob@arTrust Standard certification
and AMR metering so far. We hope to gain valuabfermation from this research
project, and it will help us decide how we allocaig resources to participate in
CRC.
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Q. Has the company nominated its Senior Officer, Bmary Contact, Secondary
Contact and Account Representative/s in CRC?

Answer - No

Q. Has the company been accredited with Carbon TrusStandard certificate or
equivalent covering all of its emissions?

Answer - Yes, we hold Carbon Trust Standard siastyear (i.e. 2009).

Q. Has the company rolled out AMR metering acrosslbof its electricity and gas
consumption sites?

Answer - For our electricity use, some of our saes already fitted with half hourly
meters. We are rolling out AMR metering on our rerimey major sites. But it is not
possible for us to install AMR meters on our tengpgrsites (i.e. construction
projects). Due to the cost of installing and mamtey the meters, we also don’t aim
to install AMR meters on our sites with little eggruse, less than 2,000 ~ 3,000 kWh
a year.

For our gas use, we do not aim to install AMR matgdue to negligible use.

Part 4: Sources of energy

Q. Which fuels / energy sources are currently uselly the company?
Answer - The answer has been recorded in table AA.

Q. Could you please identify the main uses of eacbf these fuels / energy
sources?

Answer - The answer has been recorded in table AA.

Energy Source Uses

Electricity Lighting, Space heating, Motors / Dréve
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 /oated 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, tiehow?

Answer — Yes. We have modified the spreadsheetftom Carbon Trust Standard to
develop our carbon footprint tool. We record théoiimation obtained from all
information sources into this spreadsheet to pmwid with our overall energy use
and carbon footprint.

Q. How do you record your Electricity use?

Answer - We have an agreement with Dataserve, wiooar appointed meter
operators. The information of all AMR meters as Ilwad half hourly meters on
company’s permanent sites can be read online omidaded from the Dataserve
website. For the remaining sites, the data is mEmbifrom their monthly / quarterly
bills. At our construction division, the kWh usaffem all sites is recorded into a
spreadsheet. From these sources, we copy the iafiomin our carbon footprint tool.

Q. What information do you currently record for your Electricity use?

Answer - We record the ‘kWh’ use on each of ouessiand 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 monthquarterly site bills. At our
construction division, the kWh usage from all sitegecorded into a spreadsheet.
From these sources, we copy the information incadipon footprint tool.

Q. What information do you currently record for your Natural Gas use?
Answer - We record the ‘kWh’ use on each of oussit
Q. How do you record Gas oil use?

Answer - For Industrial, Manufacturing & Environmahdivisions, the orders for
Gas oil are recorded in a fuel management softeated ‘Fueltek’. This information
is then exported as a spreadsheet to copy into cadoon footprint tool. At
construction division, the fuel deliveries are melgal in a financial management
software called ‘Coins’. Again, from ‘Coins’ softngg the information is exported as
a spreadsheet to copy it into our carbon footpaalk

Q. What information do you currently record for your Gas oil use?
Answer - In our footprint tool, we copy the infortitan of the litres ordered /
delivered on each of our site on a monthly basis. donstruction division, due to

large number of sites with negligible supplies, weord the total gas oil ‘litres’
ordered / supplied for the division on a monthlgiba
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Q. How do you record Kerosene use?

Answer - From the invoices, the orders of Kerosareerecorded 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 ordefe@deach site on a monthly basis.
Q. How do you record light fuel oil / coating plantfuel use?

Answer - From the invoices, the orders of lightlfed / coating plant fuel are
recorded into a spreadsheet, from where it is cbipit® 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 oildoating plant fuel ordered for each
site on a monthly basis.

Q. How do you record Derv (Diesel) use?

Answer - The fuel management system ‘Fueltek’ r@edhe derv use by all of the
company vehicles, as the company uses its ownrdgerminal system purchased
from ‘Fueltek’. This information is then exported a spreadsheet to copy into our
carbon footprint tool.

The derv used by external hauliers is recordechéenform of miles travelled. The
external hauliers’ miles for company’s quarries aexorded by our internal
developed sales IT system ‘QR3’, and exported tepeeadsheet. The external
hauliers’ miles for Manufacturing division are reded on a spreadsheet. From both
these spreadsheets, the information is copiedomtaarbon footprint tool.

For the business travel not covered in ‘Fueltekhsas air, train and ferry travel, the
‘miles’ are also recorded as follows:

- ‘miles travelled’ for construction division areaorded in ‘Coins’ software, and then
exported to a spreadsheet from where it is copierdaur footprint tool

- ‘miles travelled’ for Industrial, Manufacturing &nvironmental division are

recorded in a spreadsheet from where it is copigdaur footprint tool

We don’t record business travel in the form of Isused taxes as this is negligible.

Q. What information do you currently record for your Derv (Diesel) use?

Answer - For company’s own vehicles, ‘Fueltek’ netinformation such as litres

and miles travelled for each vehicle. However,dar carbon footprint tool, we only
copy the ‘litres’ use by division on a monthly kmsi
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For external hauliers, as mentioned, the ‘milegdilad’ are recorded for the external
hauliers, which are then converted into ‘litres’dafrv in our footprint tool.

For business travel, as mentioned, the ‘miles tlad'eare recorded, which are then
converted into emissions using the conversion fadtom Carbon Trust Standard.

Q. How do you record Petrol use?

Answer - The company provides a card for petrokcpases, and the purchases on
these cards are recorded online by the card presridEhese transaction are

downloaded into ‘Fueltek’ from where it can be estpd 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 purchasedamonthly basis

Q. Could you provide / arrange to provide a demonsation of information
systems currently in use for Energy Management?

Answer - (A demonstration was provided by the comypaand the information
provided in the demonstration has been summans&bie BB).

Information System Information available for carbon footprint tool
Dataserve Site Name, Electricity Consumption (kWh)

- online meter reading

Fueltek - Diesel use (litres) in company vehicles

- Fuel management- Petrol use (litres) in company vehicles

information system - Site Name, Orders (litres) for Industrial, Maruttaing

and Environmental Divisions, for
Gas Oil, Kerosene and LFO / Burning Oil

QR3 - External hauliers’ travel for Barr (miles)

- Internal sales

information system

COINS Turnover information (£), Gas oil use (litres) for
- Financial managemeniConstruction division, Business travel informatigniles)
information system for Construction division

Construction kWh tool | Site Name, Electricity Consumption (kWh), Gas
- spreadsheet Consumption (kwh) for Construction division sites
Expenses tool Business travel information (miles) for Industrigl,
- spreadsheet Environmental and Manufacturing divisions

Table BB

Q. Is energy use reported to the senior management? yes, what is the
frequency of reporting?

Answer - The energy use is reported as and whenresl

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 kctricity and gas supply?
Answer - No

Q. Do you understand how CRC defines a core or retual supply?

Answer - No

Q. Do you understand how CRC defines an actual orsémated supply?

Answer - No

Part 6: Company’s carbon footprint

Q. Does the company record its annual carbon footjmt?

Answer - Yes

Q. Which is the latest complete annual carbon footint year for the company?
Answer - 2008

Q. What was company’s annual carbon footprint in 208?

Answer - According to out 2008 carbon footprinty @perations resulted in 28,537
tonnes of CQ

Q. What is company’s annual carbon footprint breakdwn by fuel type?

Answer - (The answer has been summarised in taB)e C

2008
Energy Carbon emissions
Energy Source Unit Unit CO , conversion factor fonne-CO 2
Gas Ol 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 8,537
Table CC
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Q. What is company’s annual carbon footprint breakdwn by site / divisions?
Answer - At the moment, we are able to record footgreakdown per division only
and not for each site or each product type. Thé&fou 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 cabon footprint or energy
use of products?

Answer - Only in the quarries, a monthly stock regbation report is produced each
month by the Accounts team, which shows fuel usepaaduction tonnages.

Q. Does the company normalise its carbon emissionsth its turnover?
Answer - Yes, as required in the Carbon Trust Stechtbol

Q. What is the latest value of company’s carbon emsions normalised to the
turnover?

Answer - 100.87 kg of C£per turnover (in £ million)
Q. Does the company maintain an evidence pack forRiC?
Answer - No

Q. For every site, could you provide me a bill / moice for all the fuels / energy
sources on that site in the following months? (Mots randomly chosen).

Answer - In response to this request, 61 out of rE@fuiested bills were provided in a
month’s time.

Q. Where are all the energy related invoices / bglkept? Could you show me the
location?

Answer - The bills are kept in files by the Accaaimhanagement teams. Any bills
older than 2 years are archived.

Q. Does the company conduct internal audits for CR€ Also, is there a CRC
audit procedure available?

Answer - No, we have not started any such auditd, 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 retion target?

Answer - Yes, we aim to reduce our energy conswongiy 15% from the 2008 base
level, by the year 2020.

Q. Is there a carbon reduction strategy in place fothe company?

Answer - We aim to continually reduce our carbonssions. A carbon reduction
strategy will be devised on the basis of outcomas fthis research project.

Q. What are the key challenges in devising your caon reduction strategy?

Answer - It is hard to believe the benefits of g@yelsaving opportunities and
renewable energy systems as claimed by the suppbérthese services and
technologies. We need to understand realistic itspafcvarious opportunities that are
available in today’s world, so that we could bagesirategy on the real evidence.

Q. Could you tell us about the energy saving / cadn reduction opportunities
that are available to the company, or that have bee implemented by the
company?

Answer - There are a number of opportunities thetave 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 Clayshan

- Solar PV at Killoch

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Power Factor Correction’?

Answer - We have installed power factor correctimits on all of our major energy
consuming sites, except Barlockhart Quarry, Motitfiéoncrete Plant and temporary
sites.

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Aggregate Storage Sheds’?
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Answer - We have built sheds at our Killoch depad 8arlockhart Quarry to reduce
the moisture in dust and sand.

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘IT Server Room’?

Answer - A modification plan has been proposed by thwformation Systems
Manager to improve the energy performance of owsdiver room.

(A document was shown with below details, written D, Information Systems
Manager, Barr Limited, 2009)

The server AC units system is comprised of twopienldent 12 kVA heating / cooling
inverted systems with a combined capacity of 23 kdese systems are linked using
a shared duty automatic switching system whichwallgystem to swap between the
two independent systems sharing the cooling remerdgs and load. However, it was
observed that these AC units are now running inegxcof 60% of their duty,
generally cooling, in order to maintain the requdréemperature. Due to increased
load on servers, the current system now requiraslibth 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 diledielow the server from the
adjoining corridor. The fresh air supply must béefied to remove the possible
incoming coal dust. Hot air will be removed frone lop end of the servers’ cabinets
at the same time. The recovered heat will be diedb an IT store to reduce
humidity and avoid damage to the IT equipment. groposed system would provide
ducted hoods set on the top of the existing cahineith individual balanced
dampers, to ensure that all cabinets have equalmek of air removed. Likewise the
replacement air would be forced through a doubterfisystem which would have the
ability to have additional cooling connected atatelr stage, should it be required. It
has been estimated that the existing cooling syst®ould run on average 25% of
their duty, resulting in a 58% reduction their load

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Vertical Bitumen Tanks'?

Answer - We aim to replace some of our bitumen sankth the latest vertical

bitumen tanks. Traditionally horizontal cylindricéanks were used for storing
bitumen. However, vertical tanks are now becomirmmgarpopular. This is because in
vertical tanks, there is less surface area availabhich results in reduced oxidation.
Vertical tanks provide a higher capacity to hol@ thitumen safely. We intend to
replace 3 tanks at first.

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Coating Plant Burner Replacment’?
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Answer - Burner replacement can significantly redwemergy consumption in a

coating plant. We intend to replace one of our {gfaourner soon as it is has already
passed a significant period after its projected tiftne. This plant is expected to

produce an average of 20,000 tonnes of coatechalgpoducts every year. The cost
of replacement has been quoted as £20,000.

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Roofs insulation at Killoch?

Answer - We have insulated the roofs of our maiicefand testing lab at Killoch
depot.

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Wind Turbine at Killoch, Tormitchell and Clayshant'?

Answer - Our sites at Killoch, Tormitchell and Céwant are very windy, and seem to
have a good potential for wind turbines. Therecisialy a whole wind-farm next to
Tormitchell due to the area being very windy.

Q. What steps has the company taken, or intends take to reduce energy use /
carbon emissions from ‘Solar PV at Killoch'?

Answer - The old stores building at Killoch is moetany use. The building has a large
roof, with a flat surface. Also, the southern sidehe roof is obstruction free. These
gualities may help in installing Solar panels ois ttoof, subject to confirmation of
their viability in all aspects.

Q. Could you provide following details. Where avadble, of the project
considered by the company to reduce its energy usearbon emissions?

- Name of the project

- Capital cost

- Annual operating / running cost

- Annual saving

- Annual average CQ (i.e. COse) savings

- Project life

Answer - Response to the above question has beematised in table EE.

Project Capital Op /| Savings (£ | CO, Project Life
Name Cost (£) Running annum) Reduction | (Years)
Cost (E / (tonne-CQ)
annum)
IT  Server| £15,000 £200 £4,80 43.7 10
Room
Bitumen £161,387 £600 £36,133 222 15
Tanks
Burner £30,000 £500 £15,000 83.45 10
Replacement
Table EE
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APPENDIX 3: Interview 3 — Financial views of compan y’s energy
and CRC

Interview 3: Financial view of company’s energy andCRC

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 tot&nergy costs?

Answer - The annual energy costs figures can bairdd from the Group Financial
Accountant.

Q. What is your latest available annual energy codtgure?
Answer - Our total energy costs in 2009 were £4,G3D.

Q. What is your latest available energy cost breakalvn?
Answer - Our energy costs breakdown in 2009 wdelksvs:

Gas, Electricity & Water: £1,226,627
Fuel / Oil: £3,323,004

Q. Does the company get reimbursed for any of itsvergy supplies?

Answer - Yes, we are in a PFI (Private Financeidtite) 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 tummver information?

Answer - Company’s turnover information can be otgd from the Group Financial
Accountant.

Part 3: Financial impact of CRC

Q. Could you provide the annual salary figures fortthe following? (Salary figures
for all CRC team members were requested)
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Answer - No, we are not allowed to share thishasis confidential information

Q. Could you give us a rough idea of salaries’ rarggfor the following? (Salary
range for all CRC team members were requested)

Answer - Yes, we can agree with a lower and uppediof salaries to give an idea.
(The information has been summarised in table DD).

Designation Annual Salary

Lower Band Higher Band
Chairman or Director of £100,000 £180,000
the company
Accountant £40,000 £80,000
Divisional Managing £80,000 £150,000
Director
CRC Manager £30,000 £50,000
Administrative Assistant £20,000 £30,000
Table DD

Q. Could you provide with the annual cost of CarbonTrust Standard that the
company is currently paying?

Answer - We have paid £12,000 for the assistedfication, where £8,000 is the fee
for the standard, and £4,000 for the assistanceidqed to us by a third party
consultant. This standard is valid for 2 years, #rah we would be required to renew
it again. We assume that we shall not need asstgteification again, which would
mean a cost of £8,000 for two years (i.e. £4,000/par).

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 metghich includes the meter
operation, communication, lease & maintenance @sargnd we currently pay for 11
such meters (invoice shown to the interviewer)ialton 8 of our sites. In addition to
that, we also pay £254.80 for the metering and comaation of data for our 9 half-
hourly meters on 9 of our permanent sites (invetv@wn to the interviewer).

Part 4: CRC financial impact mitigation

Q. How does the company intend to mitigate any adtional costs introduced by
CRC?

Answer - Due to already challenging markets angtozompetition, we are unable to
transfer the extra costs of CRC towards our custeniherefore, the only way we
see for reducing costs is by reducing our carboisgans.

Q. Would it help to allocate the costs of CRC to th sites / operations where the
CRC emissions are coming from?
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Answer - Yes, definitely. It will make it simplend effective.

Q. What frequency of CRC cost information would behelpful?

Answer - If a monthly CRC cost could be accrueddach site, it will make it much
easier to purchase allowances in the end of CRE iteaill also help in increasing

CRC cost awareness among site managers.

Q. Does the company have an agreed discount ratedssume when assessing the
financial viability of purchasing new systems andervices?

Answer - We normally assume a discount rate of 6Blenassessing the financial
viability of new systems.
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APPENDIX 4: CRC Fines
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APPENDIX 5: Plug-in-ti

mers Business Case

Electric heaters

Power rating

Mumber of units

Total Power

Weekdays day-rate saving hours
Weekdays night-rate saving hours
Weekend day-rate saving hours
Weekend night-rate saving hours
Day rate:

Night rate:

kgS Ok he

Weekly savings

Working days per week
Total K¥Wh to be saved

C0O2 emissions to be saved
Total day hours to be saved
Total night hours to be saved

Yearly savings

Working weeks per year
Total kWh to be saved

C0O2 emissions to be saved
Total day hours to be saved
Total night hours to be saved

Power saving unit

Unit price

Installation price per unit
Annual maintenance cost
Total Cost

Payback period:

2k
10 units
20 kwy
6.5 hours
B hours
18 hours
B hours
10 pence/kKih 8739
10 pence/kiWh 5238
0.541 kgGCOZ/KWh

B days
1980 kwh
1071 kg
57 hours = £114.00
42 hours = £84.00
Total money saved { week £198.00

25 weeks {i.e: assumed winter 5.5 months only)
49500 kwh

26780 kg
1425 hours = £2.850.00
1050 hours = £2.100.00
Total money saved { year £4,950.00

OWL TSE007-040
£10
£15 {assumed for 10 units combined installation)
£40 {assuming T unit failed, replacement time 1 hour)
£383.8%

1.5 weeks {i.e in Winter)

LATION ON PARTICIPANT ORGANISATIONS
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| Specs

APPENDIX 6: LED Lighting Business Case and Technica
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LED Lighting - Total Savings

Site: Killoch

Location: |Car Park |Paint-shop |Workshops |Grand Total
Capital Cost {GBP) £8,052 £3,796 £10,162 £22,010
R&M Cost* {GBP) £200 £100 £200 £500
Annual kWh Savings {KWh) 11,550 7,512 18,024 37,086
Annual CO2 Reduction {tonne-CO] 6.24855] 4.063892 9.750984 20
Annual Cost Savings {GBP) £912 £741 £1,737 £3,380

*Running & Maintenance costs assumed as £300 for year, assuming 20 hours of job
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APPENDIX 7: Solar PV — PVSyst Simulation

PVSYST v4.37 | | 04/11/10 | Page 1/3

Grid-Connected System: Simulation parameters

Project : 20101104_GBM_BARR_10kWp
Geographical Site Glasgow-Airport-MNG0 Country United Kingdom
Situation Latitude 55.9°N Longitude 4.4°W
Time defined as Legal Time Time zone UT+0 Altitude 8 m
Albedo 0.20
Meteo data : Glasgow-Airport-MN6C, Meteonorm SYN File
Simulation variant : 20101104_GBM_BARR_10kWp_Simulation_variant_1
Simulation date  04/11/10 08h44
Simulation parameters
Collector Plane Orientation Tilt  30° Azimuth 0°
Horizon Free Horizon
Near Shadings Mo Shadings
PV Array Characteristics
PV module Si-poly Model KC 200GHT-2
Manufacturer Kyocera
Numbet of PV modules Inseries 13 modules In parallel 4 strings
Total number of PV modules Nb. modules 52 Unit Nom. Power 200 Wp
Array global power Neominal (STC) 10 kWp At operating cond. 9.3 kWp (50°C)
Array operating characteristics (50°C) Umpp 309V Impp 30A
Total area Module area  73.4 m?
PV Array loss factors
Heat Loss Factor ko (const) 29.0 W/im?K kv (wind) 0.0 W/im2K / m/is

=> Nominal Oper. Coll. Temp. (800 W/m?, Tamb=20°C, wind 1 m/s)

Wiring Ohmic Loss Global array res.  341.8 mOhm Loss Fraction 3.1 % at STC
Serie Diode Loss Voltage Drop 0.7V Loss Fraction 0.2 % at STC
Meodule Quality Loss Loss Fraction 3.0%
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Incidence effect, ASHRAE parametrization IAM = 1-bo (1/cosi- 1) bo Parameter 0.05
System Parameter System type Grid-Connected System
Inverter Model  Sunny Boy SB 6000 U-208

Manufacturer SMA
Inverter Characteristics Operating Voltage 250-480V Unit Nom. Power 5 kW AC
Inverter pack Number of Inverter 2 units Total Power 10 kW AC

User's needs : Unlimited load (grid)

NOCT 45°C
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PVSYST V4 37 | 041110 | Page 2/3

Grid-Connected System: Main results

Project : 20101104_GBM_BARR_10kWp

Simulation variant : 20101104_GBM_BARR_10kWp_Simulation_variant_1

Main system parameters System type  Grid-Connected

PV Field Orientation fit  30° azimuth 0°

PV modules Model KC 200GHT-2 Pnom 200 Wp
PV Array Nb. of modules 52 Pnom total 10 kWp
Inverter Model Sunny Boy SB 6000 U-208 Pnom 5.2 kW ac
Inverter pack Nb. of units 2 Pnom total 10 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 8098 kWh/year Specific 779 kWh/kWp/year
Performance Ratio PR 78.1 %

Normalized pr il iper i KWp): N | power 10 KWp Performance Ratio PR
T T T T T T T T T T T 10 T T T T T T T T T
Lo Gallaclian Lass (Pv-armay kissas) 049 KWh/KWp/day [ Paflomanch Rato (17 v 10781
Le : Syslam Lass (imand, .. .1 hANday
Y1 Praducad usaful anargy finvariar aulputy 2.13 KWhNpiday

sk 4

Nt ml med Eneigy (WKW pidy]
Forfomancs Ralo PR

20101104_GBM_BARR_10kWp_Simulation_variant_1
Balances and main results

GlobHor T Amb Globinc GlobEff EArray EQutinv EffAnrR EffSysR
kWh/m? “C kwh/m?® kwh/m® kiwh kwh % %
January 12,6 4.41 205 187 182 149 10.76 9.84
February 285 4.66 424 40.8 384 344 11.71 11.07
March 614 6.35 827 80.0 722 689 11.80 11.36
April 102.6 8.03 115.2 "M1A 1008 966 11.85 11.43
May 1363 11.07 138.8 135.0 1203 1151 11.72 11.22
June 141.0 13.08 140.0 135.1 1196 1144 1185 11.14
July 1366 15.02 136.9 132.0 1157 1106 1153 11.01
August 1120 15.36 1211 116.9 10186 &70 1143 10,92
September 727 13.04 80.2 871 784 728 11.55 11.01
Qctober 401 8.62 58.3 56.3 485 468 11.57 10.688
MNovember 3 s B.86 318 307 286 249 11.37 10.87
December 8.8 4.37 17.8 17.0 141 131 10.91 10.18
Year 870.0 ©.35 8o6.4 G616 8484 8098 1162 11.08
Legends: GlohHor Horizontal global irradiation EAmay Effective energy at the output of the array
T Amb Ambient Temperature ECutiny Available Energy at Inverter Qutput
Globlne Global incident in coll. plane EffArR Effic. Eout array / rough area
GlobEff Effective Global, corr, for IAM and shadings  EffSysR Effic. Eout system / rough area
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PVSYST v4.37 | 04/11/10 | Page 3/3

Grid-Connected System: Loss diagram

Project : 20101104_GBM_BARR_10kWp

Simulation variant : 20101104_GBM_BARR_10kWp_Simulation_variant_1

Main system parameters System type Grid-Connected

PV Field Orientation tilt  30° azimuth 0°

PV modules Model KC 200GHT-2 Pnom 200 Wp
PV Array Nb. of modules 52 Pnom total 10 kWp
Inverter Model Sunny Boy SB 6000 U-208 Pnom 5.2 kW ac
Inverter pack Nb. of units 2 Pnom total 10 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

870 kWhim?

Horizontal global irradiation
+14.5% Global incidentin coll. plane
-35% |AM factor on global
962 kwh/m® * 73 m® coll. Effective irradiance on collectors
efficiency at 8TC = 14.2% PY conversion

10015 kwh efficiency at STC = 14.2%

-8.4% PV loss due to irradiance level

-04% PY loss due to temperature
-3.3% Module guality loss

-2.2% Module aray mismatch loss
-1.3% Chmic wiring loss

8500 kwh Array virtual energy at MPP

-4.7% Inverter Loss during operation {efficiency)
0.0% Inverter Loss over nominal inv. power
-0.1% Inverter Loss due to power threshold
0.0% Inverter Loss over nominal inv. voltage

-0.0% Inverter Loss due to voltage threshold
Available Energy at Inverter Output

8098 kWh
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Wind Turbines Business Case

APPENDIX 8
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APPENDIX 9: IT Server Room Business Case
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APPENDIX 10: Bitumen Tanks Tool

cormac

MName of project
Height

Internal diameter
Storage temperature
Capacity

External surface resistance
Intemal surface resistance
Average ambient temperaiure

Option: 1.
Insulation inner laver
Material
Conductivity
Thickness

Themal resistance
Insulation outer layer
Material

Conductivity

Thickness

Themal resistance
Layer 1 diameter

Layer 2 diameter

External diameter

Intemal surface resistance
Layer 1 resistance

Layer 2 resistance
External surface resistance
Total thermal resistance
Heat loss

Heat losses kiWh
Jan
Feh
Mar
Apr
May
Jun
Jul
Aug
Sep
Gt
Mowv
Cec
Annual
Annual heat loss
Cost

inacouracies or omissions.

Bitumen tank heat loss calculation tool

Barmr Sguare tank 46.8 m3
3,000 mm
3,200 mm
150 C
2413 m3

3.04 mZ2K/W
0.01 m2ZKAW
78C

25.0mm Rockwool
RW3

Rockwool RW3
0.045 Wimk
25 mm
0.556 m2K/W

Mansulals
0.012 Wimk

0 mm

0.000 m2KW
3,225 mm
3250 mm
3250 mm
0.000218 KA
0.011888 KA
0 KA
0.000847 KA
0.012851 KA
7.2 WK

Daily avg.
278
275
270
263
258
254
248

Monthly
8,611
78890
8,376
7,889
7.991
7.827
7686

250 7.781

254 7,833

261 8,083

267 8,011

262 8,735

263

96,111 kWh

£3,650

Hyear

£15.44
fday

€ 2008 ESRU, The University of Stratholyde

The University makes no warranty, expressed or implied, as to the accuracy of the data contained
in these spreadshests and will not be held responsible for any consequences arising out of any

Location
Electricity
cost

Edinburgh
7 p/kWh nigh

0.04 mZKW
0.01 m2KW
78C

2. 225.0mm Rockwool
RW3 + 6.0mm
Nansulate
Rockwool RW3

0.031 WimkK
225 mm
7.258 m2KAWW

Mansulate
0.017 WimK

& mm

3.353 m2KAW
3.425 mm
3656 mm
3682 mm
0.000218 KA
0.143138 KW
G.O06365 KWW
0.00072 KW
015044 KW
5.6 WIK

Daity avg.  Monthly
24 741
24 662
23 721
23 679
22 688
22 857
21 862
22 668
22 857
22 686
23 680
24 754

8,274 kWh
£745
Hear

Annual saving

87,837 kWh
£7,805

£1.58
Jday

w1,

9 p/kWh day

LATION ON PARTICIPANT ORGANISATIONS
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APPENDIX 11: Bitumen Tanks Business Case

LATION ON PARTICIPANT ORGANISATIONS

Old

Tank 1
Tank 2
Tank 3

Total

Tank Size

77m3
55m3

Kwh / year Cost saving New
saving on day rate
opportunity only

161,542 £14,113.90 Tank 1
161,542 £14,113.90 Tank 2
87,837 £7,90533 Tank 3

410,921 £36,133.14

Budget cost  No of tanks
£54,319.00 2 £108,638.00
£52,748.00 1 £52,748.00
Project cost inc civils £161,387.00
Annual saving £36,133.14
Annual CO2 reduction 222
Pay back years 4.5

Kwh / year
running cost

Annual
running
cost night
rate
£900.85
£900.85
£744.42

17,254
17,254
14,258

48,767 £2,546.11
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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 syste report the transport fuel key
performance indicators on a monthly basis. The dd@tde sourced from the existing
software. Brief details of each software have b@esented in table A.

Software | Purpose

FuelTek | Records diesel usage, cost and total riufes|
company owned vehicles.

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

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

CO5 Records sales, delivery miles and deliveryscfust
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 data warehouse, from where it
will be routed to the management report in the iregiuformat. A sample of proposed
management reports is available in the appendig.réport consists of division
based, quarries’ site based and vehicle based KPI.

To make things more understandable, the input patersin the reporting system are
represented as ‘X’ and the output parameters gresented as ‘y’. The data required
from each of the software is given in table B.

Software Data required
FuelTek Vehicle | Vehicle Division Total Litres (x5) | Fuel cost | Date
reg (x1) | type (x2) | (x3) miles (x4) (x6) (x7)
QR3 Vehicle | Vehicle Delivery Delivery Date (x7)
reg (x1) | allocation | miles (x9) tonnage
(x8) (x10)
LS3 Vehicle | Delivery Delivery Date (x7)
reg (x1) | miles tonnage
(x11) (x12)
CO5 Vehicle | Delivery Delivery Date (x7)
reg (x1) | miles tonnage
(x13) (x14)
COINS Vehicle | Other Income Date (x7)
reg (x1) | costs (x16)
(x15)
COze 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, delive
tonnage, dat(rey miles, litres, mpg,
[S3 kgCO2, kgCO2/mile,
. . > |kgCOz2tton, utilisation
Vehicle reg, delivery factor, contribution/mile,

miles, delivery contribution/ton
tonnage, date

CO5

Vehicle reg, delivery
miles, delivery
tonnage, date
Financial software
Vehicle reg, other

costs, income, date j

Figure. A

For each output parameter, various input paramatersequired to sort and calculate.
Figure B should be referred to understand it better

I(:ueITek Management report
x1,x2,x3,x4,X5,x6,

X7) y1=f(x1,x2,x3,x6)

y2=f(x1,x2,x3,x4,x6)

QR3
(x1.X7.x8.x9.x10

1S3 | —» Data Warehouse

(x1.x7.x11.x12

co>s |\ ] e
(x1,x7,x13,x14)

y18=f(x1,x3,x5,x6,x7,x8,x9
Financial software
(x1,x7,x15,x16)

Figure B

Table C shows the relationship between input angdutwariables. The variables x1
(vehicle reg), x2 (vehicle type), x3 (division), gdate) and x8 (vehicle allocation) are
identifiers. Remaining are the variables to be usezhlculation of outputs to the
report i.e. y1 to y18 (e.g3 = f {x1,x2,x3,x6,x7}x1, x2 and x6 are used to identify
vehicle, division and date respectively, where @ &7 are used to calculate the
value of y3).
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yl 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
y1ll 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
y1l7 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 ootyahinput 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 YD mpg Feb PM kgCO2 YTD Feb PM YTD
kgCO2 kgCO2 kgCO2/mile kgCO2/mile gCO2/mile

Quarries

S&CE

Construction

Environmental

Precast

Steel

Others

Vans Feb miles PM miles | YTD miles Feb mpg PM mpg YD mpg Feb PM kgCO2 YTD Feb PM YTD
kgCO2 kgCO2 kgCO2/mile kgCO2/mile gCO2/mile

Quarries

S&CE

Construction

Environmental

Precast

Steel

Others

Internal haulage | Feb miles PM miles | YTD miles Feb pg PM mpg YTD mpg Feb PM YTD Feb kgCO2 PM kgCO2 YTD kgCO2
utilizatio utilization utilization
n factor factor factor

Quarries

Precast

Steel

Environmental

Feb PM YTD Feb PM YTD Feb PM YTD Feb PM YTD
kgCO2/mile kgCO2/m | kgCO2/mile | kgCO2/ton kgCO2/ton kgCO2/ton contribut | contribution | contribution | contribution/ | contribution/t | contribution/to
ile ion/mile /mile /mile ton on n

Quarries

Precast

Steel

Environmental

Quarries site Feb miles PM miles | YTD miles Feb mpg PM mpg YTD mpg Feb PM YTD Feb kgCO2 PM kgCO2 YTD kgCO2
based haulage utilizatio utilization utilization
n factor factor factor

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

YD litres

Feb mpg

PM mpg

YTD mpg

AAOBAXT

AAO08XHP

AFO8ETN

AMO8SFMF

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

Individual
vehicle based
Tippers &
Mixers

Feb miles

PM miles

YTD miles

Feb litres

PM litres

YD litres

Feb mpg

PM mpg

YTD mpg

Feb
utilization
factor

PM
utilization
factor

YTD
utilization
factor

AAOBAXT

AAO08XHP

AFO8ETN

AMO8SFMF

LATION ON PARTICIPANT ORGANISATIONS
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XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

Feb PM YTD Feb PM YTD Feb PM YTD Feb PM YTD
kgCO2/mile kgCO2/m | kgCO2/mile | kgCO2/ton kgCO2/ton kgCO2/ton contribut | contribution | contribution | contribution/ | contribution/t | contribution/to
ile delivered delivered delivered ion/mile /mile /mile ton on n

AAOBAXT

AAO08XHP

AFO8ETN

AMO8SFMF

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

Individual Feb miles PM miles | YTD miles Feb litres PM litres YD litres Feb mpg PM mpg YTD mpg Feb PM YTD
vehicle based utilization utilization utilization
Cranes & others factor factor factor

AAO0BAXT

AA08XHP

AFO8ETN

AMO8SFMF

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

XX123XX

Feb PM YTD Feb PM YTD Feb PM YTD Feb PM YTD
kgCO2/mile kgCO2/m | kgCO2/mile | kgCO2/ton kgCO2/ton kgCO2/ton contribut | contribution | contribution | contribution/ | contribution/t | contribution/to
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ile delivered delivered delivered ion/mile /mile /mile ton on n

AAOBAXT

AAO08XHP

AFO8ETN

AMO8SFMF

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

Ariadry

ADJUSTABLE HUMIDISTAT

The built-in humidistat lets you
precisely set the relative humidity
you wish in the houss.

VISIBLE WATER LEVEL

With the transparent tank you can
easily see the dshumidifier
performance while it is working,

ELECTRONIC ANTIFREEZE

With the electronic antifreeze you
can use the dehumidifier at
ambient temperatures down to
2°C.

VERY QUIET OPERATION

Thanks to its high quietness DEM 38
10 doesn't disturb your slesp! d B ( )

Dimensions (hxwsxd ) mm 415x330x280 Pull up carry handle,
Weight Kg 10 Electronic antifresze (down to 2°C).
Humidistat to sst the dssired relative humidity levsl.

;::ii:f;:;e;::amw \‘;2:; 23010 22 Double condensate elimination system: the water can be
sither collected in a tank or sliminated through the provided

i s Wl discharge pips.

Alr flow mh i "Tank Control System”: the unit stops when the tank is full,

Tank capac ity ! 2 Very quiet operation: only 38 dB{A)!

Noiss leve| dBA) 38 Washable air filter.

Operation temperature range °C 2-32 Water tank capacity: 2 litres.

= 32°CIB0% Ecalagical Refrigerant Gas.

DeLonghi

Living innovation

Design and specifications subject to changes without notice.
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APPENDIX 14: Dehumidifier Business Case
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Standard Drying Room

Pawar raling 4k
Mumbaral uniks & unils (5 quariag)
Talal Pawar e

Annual KWh saving parunil 13824 KWh
Caslal akclhcily 10 pancatkwh
kaCC2iWha 0541 kaC D2k
Annoal CG2 saving parunil T4T4 ko2
Annual easl savings par unil £1.5082

Caslal dahumidiliar £100

Inzlalialian casl £15

Annual mainlananca cazl £30

Talal capilal cosl £575

Talal Annual Mainkananca casl £15)

Talal Annual Ekclrisily Saving 69,120 KW h

Talal Annual 02 Saving 7.1 lanna-Co2
Talal Annual Casl Saving £5.912

APPENDIX 15: Fines Storage Sheds Business Case

Tongland coating plant sheds

CO2 reduction per litre
Annual cost saving
Annual CO2 reduction

£19,770
110 tonne-CO2

Annual coated production 17,496 tonnes (asin 2010)
Fuel Price £0.50 £itre (Jan 2010)
Fuel consumption (before sl 11.76 litre/ton

Fuel consumption (after she 9.5 litre/ton

Annual fuel saving 39,541 litres

2.78165 kgCO2/litre (assuming 50%Gaseil/50%Kerosene)

APPENDIX 16: Burner Replacement Business Case

Coating plant burner

Capital Cost
Annual O&M Cost

Annual coated production
Fuel Price

Fuel consumption (before)
Fuel consumption (after)
Annual fuel saving

CO2 reduction per litre
Annual cost saving
Annual CO2 reduction

£30,000
£500

20,000 fonnes
£0.75 Lfitre
12 litre/ton
10.5 litrefton
20,000 litres
2.78165 kgCO21litre (assuming 50%Gasoil/50%Kerosene)
£22,500
83.45 1onne-CO2

{estimated)
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APPENDIX 17: Powersol PSX Power Switches

Powersol PSX 135 is suitable to be installed opaxs heater. It is a fused spur that
can be fitted permanently replacing the existingy sft has a USB programming port,
and these units are supplied with the programmarfigvare. It can be programmed as
a weekly timer, and other features can also beided with it, such as switching on /
off on thermostat or PIR (Passive InfraRed) sensamd additional touch control to
trigger / retrigger connected appliance. FigureslAR and AP17-B show the
programming interfaces for this product, and tigeife AP17-C shows the user guide
for this product.

The other product, Powersol PSX 125, does not hatmner feature. It has a touch
control, which can be programmed to switch the iappk on for a programmed
period. Figure AP17-D shows the software interfaben a PSX 125 is programmed
and the figure AP17-E shows the user guide forghasluct.

5 Powersol AutoSwitch D@

File® Device Help

| Main ':Timg!

Madel [psxias [v]
. Tz £ Sensor Ports — = = =
Ml &l 1. |PIR1 vl 2 [inene)] [
Inactivity Time [ a0l . 30 [0 >
[Esﬁ,l::};nir:ge L R [] &wuto Timer Restart

Motes

Touchpad Function

®) retrigger 3 mo-retigaer ) toggle-mode

) extra period

Frost Stat Thermosztat

E nabled Enabled

Temperature [d=a C] |5 = Temperature [deg C) 21 =

Over Current Disconnect Dizconnect Alam

[] Enabled [] Enabled

Limit [amps] G “warhing Period
[ming : zecs]
Fead From “write To Get Latest Fead From “wlrite Ta
File File Senzor Data Switch Switch

Firrware W3 Chnsen

Figure AP17-A: Programming interface for PSX 135
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e . SEn L i |
= Powersol AutoSwitch @
File  Device Help
| quj_:lrimer |
Monday Tuesday -wednesday
On Time Off Time On Time Off Time On Time 0Off Time
1.0 8 | [ |
;0 [ | i |
o e |
Thurzday Friday
O Tirne Off Tinne On Time (OFf Time
1.0 [ 2] | 1. [0 [oeie 2| [Gene 2]
>0 B | | > O [mee 2] [fo60 2]
2 0 [E ! | 3 B [ooeg 2| [oowglz)
Saturday “Sunday il Aillow uzer to set
On Time Off Time tirme wia buttons
1 1 E [l s [l ] N S
2 [ | 2 1 oo i o | tirmer advanice
o O e I 2 | [momn Enable Auta
| _ | : | | D aylight Saving
Adjuzstiment
Read Frarm Wiite To Gt Latest Read Fram Write To
File File: Sensor Data Siwitch Saitch
Firmware 3 Chosen

Figure AP17-B: Programming interface for PSX 135

"= Powersol AutoSwitch

RE )

File  Device Help
M airn |
Madel i
i !;37 Senzor Portz
Iets E_J 1. |F'IF|'I |vi 2 |[n0ne] |v}

Inactivity Time 7

[haours : mins] [] Auto Timer Restart

Touchpad Function

() retrigger

) no-retrigger

Peniad [ming] |

extra period

Frost Stat

) toggle-mode

Thermostat

Enabled Enabled

Temperature [deg C] |5 ,LC_-*: Temperature [deg C) 521

Ouer Current Disconnect - Dizconnect &larm-

[] Enabled [] Enabled

Lirit [amps] R&En ‘wiarning Period 5 . [f
L -—! [mins : secs) b MR,
Fead Fram Write To Get Latest Read From Write Ta

File File Sengor Data Switch Switch

Figure AP17-D: Programming interface for PSX 125
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Powersol

PSX135 User Guide

Power saving Autoswitch with:

M Touchpad

M LED indicator
] Beeper

M 7-day timer
O Activity timer
U Current limiter
U Thermostat
U Frost-stat

For more information on Powersol

Touchpad:

D Retrigger
Touch once to switch appliances on,
subseguent touches extend
the on time.

D No-retrigger
Touch once to switch
appliances on, subseguent
touches do not extend the
on time. H

D Toggle mode
Touch once to switch the appliances on, a
subsequent touch will tum appliances off.

D Extra Period

Touch when timer is off to bring
appliances on for preset time.

{Minuies'

Beeper:
D Disconnect alarm

Inactivity alarm: single tone beeping, touch
pad to avoid disconnection.

Over current alarm: two-tone beeping,
unplug device(s} to avoid disconnection.

D Activity Time
(Hours)

D Current Limit

Front Panel:

Flashing red =
Unit inactive (no
appliances powered)

Fast flashing red light
= over-current
disconnect{appliances
exceeding current limit).

D Advance

Constant green light =
unit active (appliances
powered)

Flashing green = active
but not connected
(appliances not
powered) temperature out of range or timer
in an ‘off’ period.

Setting the Time:

To set the time press and hold the set-time
button until the day flashes. Use the left
button to change the setting and the right
button to move to the next digit.

D Thermostat
Temperature °C

D Frosti-stat

products visit www.powersol.com {Amps) Temperature °C
© Powersol Limited 2009
Wiring & Installation: The PSX135 is decper m~ Declaration of Conformity:

PSX135 will fit in to & standard UK suiface mount

or flush mourt {BS 4662) back box _.b

1oPSX185  Typical 9V Motion
+|[=] 9v PIR Wiring  Sensors

to PEX136

or devices I
with volt free 1Ker
+ — HC contacts 63002
Supply  Alarm  Tamper resistor
can he wired into the PIR poits helow using
suitable resistors (68002 or 1K)
PIR1 PIR2
i
THT Earth
N
= Load
N
L
Ring Ring
Main Main
N N
L L

AC Mains wires into the main connector as shown,
Keep the two classes of wiling separate, not only
for safety reasons but to reduce noise coupling.
PSX135 can be wired into ring mains rated up to
32A and will switch loads up to 16A. The device
has a software fuse set to trip above 13A.
IMPORTANT : the software fuse is not a safety
fuse. You will need to fit a fused spur in
conjunction with PSX135 for safety in many
applications. Consult a qualified electrician.

than many single sockst
sized UK electiical
products. Consider the
bend radius of attached
wires and use the
spacer supplied with

P8X135 where needed.
For new installations use
the deepest hack hox
available (typically
45mm) never force

-
s
@

PSX135 in to place.

The spacer provided also has grooves for twin-
core bell-wire that are useful when surface wiring
safe ELY circuits.

PIR1 PIR2

Detailed witing and installation information as well
as list of approved PIRs and accessories can be
found on Powersol's technical support web-pages
www.powersol.com

Programming:

PSX150 can only be programmed using
Powersol's unique PSX Dongle and programming
software. A urigue PIN code once set will prevent
unauthorised tampering. Programming is possible
hath before and after installation. Programming
manuzals and software can be found on Powersol's
technical support web-pages www. powersol.com

Once you have programmed your
PSX135 don’t forget to record the
settings and tick the boxes overleaf.

Pt

HS|(Pb

Powersol Limited
119-123 Marfleet Lane
Hull

HU9 5RN

Powersol Limited declares that PSX135
Conforms to the EMC Directive 2004/108/EC
and the Low Voltage Directive 2006/95/EC
as aftested by conformity with:

EN 60720-2-7 and EN 60730-2-9

il
! CEO
Rated voltage 250 V~ max
Load rating 3—4 kVA max
Protection rating IP40
Surface temperature 55°C shsodute max
Classification PELV Class 1
Disconnection Type Electionic
Mounting Surface, flush (Bs 4662)
Action Type 1.Q
ELY circuits AVDC nominral

Figure AP17-C: User Guide for PSX 135
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<
PowersolL

PSX125 User Guide

Power saving Autoswitch with:

M Isolator + Fuse
M Touch pad

VI LED indicator
] Beeper

0 Activity timer
U Current limiter
U Thermostat

U Frost-stat

For more information on Powersol

Touchpad:

D Retrigger
Touch once to switch appliances on,
subsequent touches extend the on time.

D No-retrigger
Touch once to switch
appliances on,
subsequent touches do
not extend the on time. ]

D Toggle mode !
Touch once to switch the
appliances on, a subsequent touch will
turn appliances off.

Beeper:
D Disconnect alarm

Inactivity alarm: single tone beeping,
touch pad to avoid disconnection.

Over current alarm: two-tone beeping,
unplug device(s) 1o avoid disconnection.

D Activity Time
(Hours)

D Current Limit

| f . LN
Isolator switch ™,

to temperature out of range.

Front Panel:

Flashing red
Unit inactive (no
appliances powered)

Fast flashing red light =
over-current

, disconnect(appliances
axceeding current limit).

{switch off before workingen appliances)
20mm Fuse
(rotate 30° to remove) |

Constant green light =
unit active {appliances
powered)

Flashing green active but
not connected (appliances
not powered) usually due

M Fuse

Rating {A}

D Thermostat
Temperature °C

D Frosi-stat

products visit www.powersol.com (Amps) Temperature °C
© Powersol Limited 2009
Wiring & Installation: The PSX125 is desper m~ Declaration of Conformity:

PSX125 will fit in to a standard UK suiface mount
or flush mount {BS 46672) back box _.b

WPSK12S  Typical 8V Motion to PSX125
+|[=]ov PIR Wiring  Sensors =
300 PIRs)
reslator —>
[ ] or devices
with volt free 1Ker
+ = N contacts 63062
Supply  Alarm  Tamper resistor

can be wired into the PIR ports below using
suitable resistors (88082 or 1K)

AC Mains wires into the main connector as shown.
Keep the two classes of wiring separate, not only
for safety reasons but to reduce noise coupling.
PSX125 can be wired into ring mains rated up to
32A and will switch loads up to 13A.

Always remember to swiich off
P8X125 using its isolator switch
before working on connected load
equipment or wiring!

than many single socket
sized UK electrical
products. Consider the
hend radius of attached
wires and use the
spacer supplied with
PSX125 where nesded.
Faor new installations use
the deepest hack hox
availahle (typically
45mm) never force

@ L

PSX125 in to place.

The spacer provided also has grooves for twin-
core hell-wire that are useful when surface wiring
safe ELV circuits.

PIR1 PIR2

Detailed wiring and installation information as well
as list of approved PIRs and accessories can be
found on Powersol's technical support weh-pages
WWW.powersol.com

Programming:

PSX150 can only be programmed using
Powersol's unique PSX Dongle and programming
software. A unigue PIN code once set will prevent
unauthorised tampering. Programming is poasible
both before and after installation. Programming
manuals and software can be found on Powersol’s
technical support web-pages www.powersol.com

Once you have programmed your
PSX125 don’t forget 1o record the
settings and tick the boxes overleaf.

Pt

Hs|Pb

Powersol Limited
119-123 Marflest Lane
Hull

HU3 5RN

Powersol Limited declares that PSX125
Conforms to the EMC Directive 200441 08/EC
and the Low Voltage Directive 2006/95/EC
as attested by conformity with:

EN 60720-2-7 and EN 60730-2-9

i/

i CEO
EN 60730-1: table 7.2 — information

Rated voltage 250 V~ max

Load rating 3—4 kVA max
Protection rating IP40

Surface temperature §5°C ahsdute max
Classfification PELYV Class 1

Discornection Type | Full & Electronic

Mounting Suiface, flush (Bs 4662)
Action Type 1.Q
ELY circuits 9VDC nominal

Figure AP17-E: User Guide for PSX 125
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APPENDIX 18: Timer Switches — Revised Business Case

Power switches

Power rating 2 kW

Number of units 10 units

Total Power 20 kW

Weekdays day-rate saving hours 6.5 hours

Weekdays night-rate saving hours 6 hours

Weekend day-rate saving hours 18 hours

Weekend night-rate saving hours 6 hours

Day rate: 10 pence/kWh 8.729
Night rate: 10 pence/kWh 5.228
kgCO2/kWhe 0.541 kgCO2/kWh

Weekly savings

Working days per week 6 days
Total kWh 1o be saved 2322 kWh
CO2 emissions to be saved 1256 kg
Total day hours to be saved 74.1 hours = £148.20
Total night hours to be saved 42 hours = £84.00
Total money saved / week £232.20
Yearly savings
Working weeks per year 25 weeks (i.e. assumed winier 5.5 months only)
Total kWh 1o be saved 58050 kwh
CO2 emissions to be saved 31405 kg
Total day hours to be saved 1852.5 hours = £3,705.00
Total night hours to be saved 1050 hours — £2,100.00
Total money saved / year £5,805.00
Power saving unit Powersol PSX-135 and PSX-125
Unit price £145
Installation price per unit £25 (assumed for 10 units combined installation)
Annual maintenance cost £75 (assuming 1 unit failed, replacement time 1 hour)
Total Cost £1,775.00
Payback pericd: 7.6 weeks (i.e. in Winter)
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APPENDIX 19: Solar PV — Revised Business Case
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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

TomTom PLUS™

For mobile businesses, controlling fuel consumption is paramount. But to control it, first
you need to know how much fuel your operations are using

It's easy to do this with TomTom ecoPLUS™. Part of TomTom WORKsmart™ solutions,
this clever device is easily installed in the vehicle, providing accurate information on fuel
efficiency which is presented through WEBFLEET®

Armed with the facts, you can take action to reduce fuel consumption, cut idling time and
manage your carbon footprint

Reduce fuel consumption

ecoPLUS gives you a real-time view of the fuel efficiency of every vehicle in your fleet, at
every point on their journey. The device continuously calculates the fuel consumption and
presents this to you in WEBFLEET.

WEBFLEET lets you view the captured fuel efficiency data on the dashboard, in lists oron
a live map, where you can compare vehicles with ease. You can also run a customised fuel
consumption reports, such as

Trip report (daily semmary] 3 [ daily summary report
-~ 8 e

- trips report by period or vehicle

P R % Cut idling time

Fuel costs represent a major part of your expenses. But did you know that a significant
amount of fuel is consumed when a vehicle is ialing? To help you cut idling time, and
lower your fuel costs and CO: emissions, ecoPLUS lets you see exactly how much fuelis
being wasted — when, where and by whom

ecoPLUS detects when a vehicle is idling. The device then calculates the fuel consumption
when idling and sends this information to WEBFLEET, enabling you to view and build
reports based on

+ ldle time per day

PEERPRLEE

« Wasted fuel per day during idling

- Excessive idling

WEBFLEET gives you full control. You'll have all the insight you need at your fingertips to
set @ company-wide idling policy, and monitor adherence to it

TOMTOM'®
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Total fuel consumption:
451

Average fuel consumption:
10,1 W1ookm (+1.81)

€02 emisshon:

1042 by

Tailored to the needs of the professional
driver, the TomTom range of navigation
devices calculate the smartest, most fuel-
efficient route at any time of day, saving
your husiness time and money.

TomTom navigation device*

Manage your carbon footprint

As environmental regulations tighten, the race is on for companies to prove their
Corporate Social Responsibility by lowering their COz emissions. This isn't just good for the
environment; it can also benefit your bottom line. ‘Green’ companies are looked on more
favourably both by customers and the government

Take control of your carbon footprint with ecoPLUS. The device calculates COz emissions
based on your vehicle’s engine details and feeds this information back to WEBFLEET. There
you can benchmark one or more vehicles using a daily, weekly or monthly parameter to
view and compare CO: emissions.

Take action

Good business decisions start with sound information. ecoPLUS gives you the information
you need to understand where you are and where you want to be, so that you can decide
on the actions to take to getyou there

The WEBFLEET dashboard shows you

« fuel consumed in mile per galon
- fuel consumed per day
- wasted fuel per day

+ wasted fuel as a percentage of total fuel consumption

When you can see how much fuel is being consumed, you can take steps to reduce this, cut
idling time and, ultimately, manage your carbon footprint

Enjoy even greater benefits with TomTom
WORKsmart™ solutions

ecoPLUS can be used as part of a complete WORKsmart solution, combining:

TomTem LINK 300/310 TomTom WEBFLEET®

N ON UK NON-ENERGY INTENSIVE BUSINESSES

The TomTom LINK 300/310 provides
a direct link between the driver’s
navigation device and the office,
enahling the two-way exchanae of

WEBFLEET gives you all you need to
manage your fleet online, 24 hours
aday. View fuel consumption,
ialing time and €Oz emissions at a

information — from order status to
navigation coordinates and much more

glance, and create detailed reports.
It's business intelligence at your
fingertips

Pre-requisites:

The vehicle needs to be equipped with an OBD-1I / EOBD connector:

+ EU: all new passenger cars and LCV since 2000, all new HGV since 2004
» US: all new vehicles since 1996

* Check www.tomtam.com/business for compatibility with the TomTom GO and PRO dewices
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Transport Fuel Efficiency Report

APPENDIX 24
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APPENDIX 25: Barr's CRC Reporting Tool
Organisational Information
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IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO

Electricity and Natural Gas information sheet
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CRC Reporting Summary sheet

IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO

N ON UK NON-ENERGY INTENSIVE BUSINESSES

E | C

D | E | ]

Supplies Actual Supply  Estimated Supply tonne-C02

Core electricity not covered by CCA 7EFT9538 o.0d 4099 673006
Core gas not covered by CCA /EUETS 0 285240 52.920864
Residual Measurement List:
Included Gas vils 3087966 8528.962092
Turnover expenditure: £210,934 000 12,682

| 12808.37152

Emissions covered by vol. AMR 67% (constant)

CSR questions:

Discloses long term reduction targets Undisclosed

Digcloses performance against above fes

Responsibility of energy use fes

engagement of employees in energy use |Yes

CRC 2012:13 Emissions CRC Bill

Barr Holdings 12 BE7 £1652.244.00
Construction H#AEF! #REF!
Environmental [ #ALUE " #/ALUE
Manufacturing " #vALUE " #vALUE
Industrial: i #REF! " #REF

- Barlockhart Quarry v ALLE! v ALUE!

- Clayshant Cuarry # ALLUE! # ALLE!

- Killoch depot #v ALLIE! v ALLIE!

- Moorfield Concrete # ALLIE! # ALLIE!

- Swinlees Quarry # ALLIE! #v ALLIE!

- Sorn Guarry v ALLE! v ALUE!

- Tormitchell Guarry AL LIE #ALLE

- Tongland Guarry #v ALLIE! #vALLIE!

- Surfacing & Civil Engg v ALUE! # ALUE!
Contingency (325 extra allowances) | 13,012| £156,144.00

W4 r QU QURK £ QUSL £QUSh {QUTL {QUTH {buf {elec1l {elec12 f Fusl Master 2011 4 Fuel Master 2012
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IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO N ON UK NON-ENERGY INTENSIVE BUSINESSES

APPENDIX 26: Internal Audit Form

CRC Audit

Electricity f Gas f Fuels Bills - Industrial / Environmental / Manufacturing Frequency : Quarterly

Evidence Attached?
Audit tasks {Yes ! Mo/ Mot Applicable)
Location of Eectricil_:! & Gas Bills
Location of all the electricity / gas bills:

Persen respensible for the availability of electricity / gas bills:
Bills audited up to {date}: < df f

Electricity ! Gas bills availability and data check

Identify and make a list of missing bills

Randemly pick minimum 10% of electricity bills since the last audit {minimum 3 site's bills}
[Mix &t enling and cthear ills )

Compare kWh values against values entered in CRC teol

Pick cne HH site and compare cnline kivh vs Billed kWh

Pick cne NHH AMR site and cocmpare register readings cnling and in the bill

Pick cne estimated bill and check if it has been highlighted in the CRC tccl

Pick cne random bill and compare its profile type against profile type entered in CRC tool
ldentify and make a list for errors identified from steps B2 tc B7

Corract the values in CRC tool

Repeat the same procedure for Gas bills {minimum 1 site's bills} exc. Step B4, BS and B7

Were any electricity / gas bills previously reported as missing orwrong? { Yes /No |

Identify the bills that were missing / wrong previcusly are now available in correct form
Identify and make alist of bills that are still unavailable

Pick minimum 258% of the previcusly missing bills {minimum 1 kill}

Compare kiWh values against values entered in CRC tool

Highlight estimated bills in the CRC tool

Compare profile type against profile type entered in CRC tocl

Identify and make a list of errors / wrong values

Correct the values in CRC tool

Are there any new or removed elec f gas meters /sites? { Yes f No )

Verify and update the list of sites in cperaticn

Identify and record the availability of supply terminaticn recerd for sites

Identify and record the availability of new supply record for sites

Reccrd the MPaN/profile type/supplier/CEN/meter number for new electricity supplies
Reccord the MPEN/supplier CEN/meter number for new gas supplies

Recerd meter start / meter removal dates

Were there any elec / gas meter failures since last audit? { Yes {No )

Record the report from meter service agent

Check and update estimated supply values for unmetered pericd
Location of Fuel Bills
L ccaticn of all the fuel bills:

Perscn responsible for the availability of fuel bills:
Bills audited up to (date}: < f f
Euel= bills availability and data check
Identify and make a list of missing bills
Randomly pick minimum 10% of Gas cil kills since the last audit {minimum 3 site's kills})
Compare litres values against values entered in CRC tool

Highlight estimated bills (if any} in the CRC tool

Identify and make a list of errors / wrong valugs

Correct the values in CRC tool

Repeat the same procedure for Kercsene bills {minimum 1 site's bills}

Repeat the same procedure for Derv kills {minimum 1 site's bills)

Were any fuel bills previcusly reported as missing or wrong? { Yes / No

ldentify the bills that were missing / wreng previcusly are now available in correct form
Identify and make a list of bills that are still unavailable

Pick minimum 25% of the previcusly missing bills {minimum 1 kill}

Compare litres values against values entered in CRC tool

Highlight estimated bills, if any, in the CRC tool

Identify and make a list of errors / wrong values

Correct the values in CRC tool

Was there ANY COIMesp ondence with SEPA/EA? ( Yes { No )

copies of emails / letters

Summary of CRC emissions / costs
Verify that the CRC tocol's summary repert containg all infermation
Identify and record missing bits of infermaticn allowing a cne menth lag
Print summary repcrt to be included in the audit certificate

Audit Certificate {including summag.ofcﬁc emissiens ! costs)

Audit conducted by:
Date:

Audit certificate signature: 4 Signatory:
5 Date:

I ES

=
wm—-lx wm—‘lr_—x_-qo:mpwm—‘lm-qmmAmm-niG) wina|=fmfiral = imBo oo jwin| =B Ro| ool sl wn]siOllojoje| oo & |w] =10 wru—-|>

CRC Audit/ rav. 4 f Shaikh Alif 28-Mar-12
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IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO

APPENDIX 27-A: CRC Procedure

CRC COMPLIANCE PROCEDURE

Month
January  1stworking day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2
3rd day week-2
4th day week-2
1st day week-4
3rd day week-2
3rd day week-2
4th day week-2
1st day week-4
4dth day week-2
4th day week-2
4th day week-3
4th day week-3
4th day week-<4
4dth day week-2
4th day week-3
4th day week-4

February 1stworking day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2

March 1st working day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2
3rd day week-2
3rd day week-2
4th day week-2
1st day week-4
3rd day week-2
4th day week-2
4th day week-2
1st day week-4
1st day week-3
Last working day of March
1st day week-1
1st day week-3
2nd day week-3
2nd day week-3
2nd day week-3
2nd day week-3
3rd day week-3
3rd day week-3

April 1st working day
1st day week-2
2nd day week-2
2nd day week-2

Task

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries
Audit elec & gas bills: Const.

Request if missing / unavailable / incomrect bills

Confirm availability of complete / correct bills for next audit
Audit fuels invoices: Construction

Get audit certificate signed for Construction

Request if missing / unavailable / incormrect invoices

Confirm availability of complete / correct invoices for next audit
Request external hauliers fuel for Manufacturing

Reguest Derv card purchases and petrol data

Follow up on extemal hauliers fuel for Manufacturing
Populate Derv card purchases and petrol data into CRC tool
Download and populate external hauliers fuel for Manufacturing
Request Gas oil data for Construction

Follow up on Gas oil data for Construction

Download and populate Gas oil data for Construction

Download HH eleciricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Reguest Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries
Put NHH elec and gas sites data into CRC toal

Audit elec & gas bills: Ind, Man, Env

Request if missing / unavailable / incomrect bills

Confirm availability of complete / comrect bills for next audit
Audit fuels invoices: Ind, Man, Env

Get audits certificate signed for Ind, Man, Env

Request if missing / unavailable / incormrect invoices
Confirm availability of complete / correct invoices for next audit
Ask relevant personnel to request Annual statements
Check if annual statements have been requested

Reguest Bills of new Constr. Sites

Follow up on bills of new Canstr. Sites

Update new sites / bills in evidence pack

Update Special events/change database

Update contacts/responsibilities list

Update list of extemnal records

Update & record CRC policies / procedures

Update records of exclusions

Download HH eleciricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool

N ON UK NON-ENERGY INTENSIVE BUSINESSES

212



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

2nd day week-Z Download and populate tumover information for Quarries
2nd day week-2 Request tumover information for group
2nd day week-2 Follow up on turnover information for group
2nd day week-2 Populate turnover information for group into CRC tool
3rd day week-2 Audit elec & gas bills: Const.
4th day week-2 Request if missing / unavailable { incorrect bills
1st day week-d Confirm availability of comnplete / correct bills for next audit
3rd day week-2 Audit fuels invoices: Construction
3rd day week-2 Get audit certificate signed for Construction
4th day week-2 Request if missing / unavailable / incorrect invoices
1st day week- Confirm availability of complete / comrect invoices for next audit
4th day week-2 Request extemal hauliers fuel for Manufacturing
4th day week-2 Request Derv card purchases and petrol data
4th day week-3 Follow up on extemnal hauliers fuel for Manufacturing
4th day week-3 Populate Derv card purchases and petrol data into CRC tool
4th day week-4 Download and populate external hauliers fuel for Manufacturing
4th day week-2 Request Gas oil data for Construction
4th day week-3 Follow up on Gas oil data for Construction
4th day week~< Download and populate Gas oil data for Construction
Last working day of April Check if annual statements have been received
Last working day of April Follow up if not.
3rd day week-1 Update CRC tool for next CRC year
May 1st working day Download HH electricity data and populate into CRC tool
1st day week-2 Populate CRC tool with fuels data
2nd day week-2 Download and populate external hauliers fuel for Quarries
2nd day week-2 Request Quarries production data and populate into CRC tool
2nd day week-2 Download and populate tumover information for Quarries
2nd day week-1 Compare available annual statements with available HH data
2nd day week-1 If more than 5% different, contact the supplier
End of week 2 in May Check if annual statements have been received
End of week 2 in May Follow upiif not.

1st day of week-3 in May  Compare available annual statements with available HH data
1st day of week-3 in May If more than 5% different, contact the supplier

2nd day of week-3 in May  Check for installed / terminated supplies

2nd day of week-3 in May  Request for first / last bill

15t day of week-4 in May Follow up on above bills

2nd day of week-4 in May  Populate CRC Evidence pack with statements

3rd day of week-< in May  Populate data in to CRC source list tool

4th day of week- in May  Populate data in to CRC source list tool

June 1st working day Download HH electricity data and populate into CRC tool
3rd day week-1 CRC source list tool final update
4th day week-1 Update CRC evidence pack
4th day week-1 Discuss and calculate number of allowances to buy
1st day week-2 Populate CRC tool with fuels data
2nd day week-2 Download and populate external hauliers fuel for Quarries
2nd day week-2 Request Quarries production data and populate into CRC tool
2nd day week-2 Download and populate tumover information for Quarries
3rd day week-2 Put NHH elec and gas sites data into CRC 1ool
3rd day week-2 Audit elec & gas bills: Ind, Man, Env
4th day week-2 Request if missing / unavailable / incorrect bills
15t day week-4 Confirm availability of complete / correct bills for next audit
3rd day week-2 Audit fuels invoices: Ind, Man, Env
4th day week-2 Get audits certificate signed for Ind, Man, Env
4th day week-2 Request if missing / unavailable / incorrect invoices
1st day week-4 Confirm availability of complete / comrect invoices for next audit
1st day week-1 Request Bills of new Constr. Sites
1st day week-3 Follow up on bills of new Constr. Sites
2nd day week-3 Update new sites / bills in evidence pack
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July

August

2nd day week-3
2nd day week-3
2nd day week-3
3rd day week-3
3rd day week-3

1st working day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2
3rd day week-2
dth day week-2
5th day week-2
5th day week-2
1st day week-4
3rd day week-2
3rd day week-2
4th day week-2
1st day week-4
4th day week-2
4th day week-2
4th day week-3
4th day week-3
4th day week-
4th day week-2
4th day week-3
4th day week-4
5th day week-2

1st working day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2

September 1st working day

1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2
3rd day week-2
3rd day week-2
4th day week-2
1st day week-4
3rd day week-2
4th day week-2
4th day week-2
1st day week-+4
1st day week-1
1st day week-3
2nd day week-3
2nd day week-3
2nd day week-3
2nd day week-3
3rd day week-3
3rd day week-3
last working day

Update Special events/change database
Update contacts/responsibilities list

Update list of extermnal records

Update & record CRC policies / procedures
Update records of exclusions

Download HH electricity data and populate into CRC tool
Populate CRC 100l with fuels data

Download and populate external hauliers fuel for Quarries
Reguest Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries
Audit elec & gas bills: Const.

Request if missing / unavailable / incorrect bills

Compile data for footprint report

Compile data for annual report

Confirm availability of complete / correct bills for next audit
Audit fuels invoices: Construction

Get audit certificate signed for Construction

Reguest if missing / unavailable / incorract invoices

Confirm availability of complete / correct invoices for next audit
Reguest extermnal hauliers fuel for Manufacturing

Reguest Derv card purchases and petrol data

Follow up on extermnal hauliers fuel for Manufacturing
Populate Derv card purchases and petrol data into CRC tool
Download and populate external hauliers fuel for Manufacturing
Request Gas oil data for Construction

Follow up on Gas oil data for Construction

Download and populate Gas oil data for Construction
Discuss and Calculate number of allowances to surrender

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Reqguest Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries
Put NHH elec and gas sites data into CRC tool

Audit elec & gas bills: Ind, Man, Env

Reguest if missing / unavailable / incomrect bills

Confirm availability of complete / cormrect bills for next audit
Audit fuels invoices: Ind, Man, Env

Get audits certificate signed for Ind, Man, Env

Request if missing / unavailable / incormrect invoices
Confirm availability of complete / correct invoices for next audit
Request Bills of new Constr. Sites

Follow up on bills of new Constr. Sites

Update new sites / bills in evidence pack

Update Special events/change database

Update contacts/responsibilities list

Update list of extemnal records

Update & record CRC policies / procedures

Update records of exclusions

Check for league table publication

N ON UK NON-ENERGY INTENSIVE BUSINESSES
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October

November

December

1st working day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2
3rd day week-2
4th day week-2
1st day week-4
3rd day week-2
3rd day week-2
4th day week-2
1st day week-4
4th day week-2
4th day week-2
4th day week-3
4th day week-3
4th day week-4
4th day week-2
4th day week-3
4th day week-d

1st working day
1st day week-2
2nd day week-2
2nd day week-2
2nd day week-2

1st working day
1st day week-2

2nd day week-2
2nd day week-2
2nd day week-2
3rd day week-2
3rd day week-2
4th day week-2
1st day week-4

3rd day week-2
4th day week-2
4th day week-2
1st day week-4

1st day week-1

1st day week-3

2nd day week-3
2nd day week-3
2nd day week-3
2nd day week-3
ard day week-3
3rd day week-3

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate extemal hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries
Audit elec & gas bills: Const.

Request if missing / unavailable / incorrect bills

Confirm availability of complete / comrect bills for next audit
Audit fuels invoices: Construction

Get audit certificate signed for Construction

Request if missing / unavailable / incorrect invoices

Confirm availability of complete f correct invoices for next audit
Request extemal hauliers fuel for Manufacturing

Reguest Derv card purchases and petrol data

Follow up on extemal hauliers fuel for Manufacturing

Populate Derv card purchases and petrol data into CRC tool
Download and populate external hauliers fuel for Manufacturing
Request Gas oil data for Construction

Follow up on Gas oil data for Construction

Download and populate Gas oil data for Construction

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate external hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries

Download HH electricity data and populate into CRC tool
Populate CRC tool with fuels data

Download and populate extemnal hauliers fuel for Quarries
Request Quarries production data and populate into CRC tool
Download and populate tumover information for Quarries
Put NHH elec and gas sites data into CRC tool

Audit elec & gas bills: Ind, Man, Env

Request if missing / unavailable / incorrect bills

Confirm availability of complete / comrect bills for next audit
Audit fuels invoices: Ind, Man, Env

Get audits certificate signed for Ind, Man, Env

Request if missing / unavailable / incorrect invoices
Confirm availability of complete / comect invoices for next audit
Request Bills of new Constr. Sites

Follow up on bills of new Constr. Sites

Update new sites / bills in evidence pack

Update Special events/change database

Update contacts/responsibilities list

Update list of external records

Update & record CRC policies / procedures

Update records of exclusions

N ON UK NON-ENERGY INTENSIVE BUSINESSES
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APPENDIX 27-B: CRC Procedure — updated

N ON UK NON-ENERGY INTENSIVE BUSINESSES

|CRC COMPLIANCE PROCEDURE FOR BARR HOLDINGS

|Monlh Week |Day [Task Task Category effort (days
[January 1 1| Download HH electricity data and populate into CHC tool Data Download / Duplication 0.25)

2| 1|Hequest Gas oil data for Censtruction nternal Communication 0 05}

2] 2|Download and populate external hauliers fuel for Quarries Data Download / Duplication 01
2|Request Quarties production data and populate inte CRC tool ntetnal Communication 0.4)
2 Download and populate turnover information for Quarries Data Download / Duplication 0 q
2JAudit elec & gas bil onst, nternal Audit 0.8]
2|Hequest sing [/ unavailable /incorrect bills nternal Gommunication 01
4] Aucit fuels invoices: Construction ntemal Audit 0.7]
AlGiet audit certificate signed from BC nternal Communication [
4]Hequest f missing / unavailable fincorrect nveices nternal Communication 01
5|Hequest external hauliers fuel for Manufacturing nternal Communication 0.05§
5|Hequest Derv card purchases and petrol data nternal Communication 0.05)
AFollow up on external hauliers fuel for Manufacturing nternal Communication 0 05
4]Populate Derv card purchases and petrol data into CRG tool Data Download / Duplication 0.1

Follow up on Gas oil data for Gonstruction nternal Gommunication 0.05§

4 Populate GHG tool with fuels data Data Download / Duplication 0.4

4 Confirm availability of complete f correct bills for next audit nternal Communication [1]

4 Confirm availability of complete / correct invoices for next audt [lntermal Communication 0

4 Download andl populate external hauliers fuel for Manufacturing [Data Download / Dupliation 0

4 Download andl populate Gas oll data for Construction Data Download / Dupliation 0

January fotal CRC effort: G.EI
[February ] [Download HH slecincly deta and populate nto GAG (ool Data Download ] Duplation B E'

3] p|Download and populate external hauliers fuel for Quarties Data Download / DuplEation 01

2| 2lAequest Quarries production data and populate into CAC tool _|Internal Communication 0.4]

2| 2|Download and populate turnover information for Quarries Data Download / Duplication 01

4] 1|F’uEuIale CHG tool with fuels data Data Download / Duplication 0.4]

[February total CRC effort: 1.23
March 1 1| Download HH electricity data and populate into CHC tool Data Download/ Duplication 0.25]

2| 2|Download and populate external hauliers fuel for Quarries Data Download / Dupliation 01

2| 2|Hequest Quarries production data and populate into CHC tool _|Intermal Communication 04
2] Download and populate turnover information for Quarries Data Download / Dupliation 0

Copy NHH elec and gas sites data into CHG tool Data Download / Duplication
A]Audit elec & gas bills: Ind, Man, Env rternal Audit 0.
4]Request {f missing / unavailable fincorrect bills nternal Gommunication [
5| Ask relevant personnel to request Annual staterments nternal Communication [1]
1| Audit fuels invoices: nd, Man, Env nternal Auclit [A]

3] 1)Hequest f missing / unavailable /incorrect nvoices nternal Communication 01
1| Get audits certificate signed by B nternal Communication 0.
2|Update Special svents/change database ate

Update new sites / bils in evidence pack ate 0.

Update contacts/re sponsibilities list ate 0.

Update list of external records ate 0.
AlUpdate & record CHC policies [ procedures ale 0.5
4|Update records of exclusions ate 0.25]

4 Populate CHC tool with fuels data Data Download / Duplication 04

4 Confirm availability of complate / correct bills for next auct ntermal Communication oKl |

4 Confirm availability of complste / correct invoices for next audt [Intermal Communication 01

4 Check if annual statements have been requesied nternal Gommunication 0.2)

March total CRC effort: 5.6

| April 1| Download HH electricity data and populate into CRC tool Data Download / Duplication 0.25]
3|Update CHC tool for next CHG year Tool Update 1

1|Hequest Gas oil data for Construction nternal Communication 0.05§

2|Download and populate external hauliers fuel for Quarries Data Download / Duplication 01

2) Heéussl Quarries éruducliun data and éuéu\a{e into CHE tool fInternal Communication 0.4

2|Download and populate turmover information for Quarries Data Download / Duplication 01

2| G\_I_Audit elec & gas bills: Const Internal Audit 0.8

2] 8]|Request if missing / unavailable /incorrect bills Intermal Communication 01

2| 4lAequest exdernal hauliers fuel for Manufacturing nternal Communication 0.05]

2| 4]Hequest Derv card purchases and petrol data nternal Communication 1] (ﬁ

3| 2Audit fuels invoices: Construction nternal Audit 07

3] 2|Get audit cerificate signed from BC ntemal Communication [ok |

3] 2lHequest f missing / unavailable fincorrect nvoices nternal Communication Oll

3] dlFollow up on external hauliers fuel for Manufacturing nternal Communication 0.05]

3] a|Populate Der card purchases and petrol data into GAG fool __|Data Download / Duplcation o1

3]  4|Follow up on Gas oil data for Gonstruction Internal Communication 0.05]

4 Populate CAG tool with fuels data Data Download / Duplication 0.4

4 Confirm availability of complete / correct bills for next audit nternal Communication 0

4 Confirm availability of complete / correct invoices for next audt [Intemal Gommunication 0

4 Download and populate extemal hauliers fuel for Manufacturing [Data Download / Duplication 1]

4 Download and populaie Gas oil data for Construction Data Download / Duplication [1]

4 5|Check if annual statements have been received nternal Communication 0.

4] 5|Follow up if not Internal Communication 0.2

| April total CRC effort: 5.1
ity 1| Download HH electricity data and populate inte CHEC tool Data Download / Duplication 0. 25]
2|Compare available annual statements with available HH data_|Intemal Audit 0.
2|If more than 5% different, contact the supplier External Communication 0

2 2|Download and populate external hauliers fuel for Quarries Data Download / Duplication 0

2] SlRequest Quarries production data and populate inte CHC tool _[Intamal Gommunication 04

E 2|Download and populate turmover information for Quarries Data Download/ Duplication 0
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2 5|Check if annual statements have been received Internal Communication 0.1]
2 i Internal Communication Ogl
3] 1|Compare available annual statements with available HH dlata  |Internal Auciit 05
i) 1[If more than 5% different, contact the supplier External Communication 0.1_I
2|Check for installed / terminatec supplies Internal Communication 0.5
2|Hequest for first / last bill Internal Communication [l |
1|Populate CHE tool with fuels data Data Download / Duplication 0.4]
A[Fallow up on above bils Internal Communication 0.2
2|Populate CHC Evidence pack with statements Evidence Pack Update 0.§I
3|Populate data in to GAG Footprint Tool Data Download / Duplication 7]
4| 4|Populate data In to GAC Foctprint Tool | Data Download  Duplication lI
ay total CRC efor: | XX
JJune 1 1| Download HH electricity data and populate into CHE tool Data Download / Duplication 0.25
1] 2[CRC Footprint Toal final update Data Download / Duplication 1
1] 4{Request information required for evidence pack update Evidence Pack Update OEI
[ #|Discuss and calculate number of allawances fo buy Data Analysis & Heporting 0.5
2| 3|Download and populate external hauliers fuelfor Quarries Data Download / Duplication [
2| 2|Asquest Quarries production data and populate into CRG tool |Internal Gomimunication 0.4
2] 2|Download and populate turover information for Quarries Data Download / Duplication 0.
2| 3|Copy NHH elec andgas sites data into CHG tool Data Download ] Duplicatior
2]  4|Audit elec &gas bills: Ind, Man, Eny Internal Audii Q.
2| 4|Request if missing / unavailable fincorrect bills Internal Communication Q.
3] 1lAuditfuels invoices: Ind, Man, Env i 0.7
3] 1| Get audits certficate signed by BW 0.1
3] 1|Request if missing { unavailable / incorrect invoices 0
3] 2|Update Special eventsichange database ate
2] 3|Update new sites [ bill in evidence pack ate 0,
3] 3|Update contacts/responsibilities list ate 0.
3| 3|Update list of external records ate 0.
3| 4|Update & record CRG policies 1 procedures Evidence Pack Update 05|
4|Update records of exclusions Evidence Pack Update 0.25
Populate CAG tool with fuels data Data Download / Duplication 0.4
Confirm availability of complete fcorrect bills for next audit Internal Communication Xl |
Confirm availability of complete / correct invoices for next audit |Internal Communication 01
June total CRC effort: B.EI
[July 1 1|Download HH electricity data and populate into CHG tool Data Download / Duplication 0.25
A[_2|Request turnover information for group Tntermal Gommunication 0.0
1] 2|Request Gas oil data for Construction Internal Communication 0.05
2| 1|Download and populate external hauliers fuel for Quarries Data Download / Duplication 5]
2 1{Request Quarries prochiction clata and populate into CRG toal |Intermal Communication 0.4
2 1[Download and populate tumnover information for Quarries Data Download/ Duplication 01
E i [ |
2| 2|Hequest it missing / unavailable fincorrect bills 01
2] 2[Follow up on tumover information forgrowp | 0.1
2| 3|Audit fuels invoices: Gonstruction Internal Audit 0.7]
2] 3|Get audit cerificate signed from BC Internal Communication 01
2| 3|Hequest if missing f unavailable / incorrect invoices Internal Communication 01
2 4|PnEuIalelurnnvev information for group into CRC tool Data Download / Duplication 0.1
2 4]Request external haullers fuel for Manufacturing Internal Gommunication 0.05
2] 4|Hequest Derv card purchases and peirol data Intemal Communication 0.05
2 5|Compile data for footprint report Data Analysis & Heporting 0.5]
2 5| Compile data for annual report |Cata Analysis & Heporting 0.5
3| Discuss and Caloulate number of allowances (o surrender |Data Analysis & Aeporting 05
4|Follow up on external hauliers fuel for Manufacturing Internal Communication 0.0
4|Populate Derv card purchases and peirol data into GHC tool Data Download / Duplication 01
4|Fallow up on Gas oil data for Construction Internal Communication 0.0
Populate CHC tool with fuels data Data Download / Duplication 0.4
Confirm availability of complete / correct bills for next audit Intermal Communication 0.
Confirm availability of complete fcorrect invoices for next audlt |Internal Communication 0.
4|Download and populate external hauliers fuel for Manufacturing |Data Download / Duplication Q.
4|Download and populate Gas oil data for Construction Data Download / Duplication Q.
July total CRC effort: 5.55]
August 1 1[Download HH alectricity data and populate into CHC tool Data Download / Duplicatiorn 0.25]
2] 2[Download and populate exernal hauliers fuelfor Quarries ___[Data Download / Duplication 0.
2] 2lRequest Quarries production dala and populate into GAC tool _[Internal Communication 0.4
2| 2|Download and populate turnover information for Quarries Data Download ] Duplicatior 0.
4 1|PuEuIale CHE tool with fuels data Data Download / Duplication 0.4
| August total CRC effort: | 1.25]
ISeEmber 1 1|Download HH electricity clata and populate into CHE tool ata Download / Duplication 0. Qﬁ
2 1{Copy NHH elec and gas sites data inte CAG tool Data Download / Duplication
2| 2|Download and populate external hauliers fuel for Quarries Data Download / Duplication 0.
2| 2|Request Quarries production data and populate into CRC tool _|Internal Communication 0.4
2| 2[Download and populate tumover information for Quarries  [Data Download / Duplication 0.
2 3|Audit elec & gas bills: Ind, Man, Env Internal Audit 0.
2|  3|Request it missing { unavailable / incorrect bills Internal Communication 01
2] 4lAuditiusls invoices: Ind, Man, Env 0.7
2 Internal Communication [K]
2 Internal Communication 01
2 Data Analysis & Heporting 0.5
T Evidence Pack Update
2|Update new sites / bills in evidence pack Evidence Pack Update Q.
2|Update contacts/responsipilities list Evidence Pack Update Q.
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E ErUEdate list of external records Evidence Pack Ugate 0.1
3] alUpdate & record CHC policies / procedures Evidence Pack Update 0.5
Updlate records of exclusions Evidence Pack Update Q.25
Populate CAC tool with fuels data |Cata Download / Duplication 0.4]
Confirm availability of complete f correct bills for next aucit Internal Gomimunication oK |
Confirm availability of complete / correct invoices for next audit |Internal Gommunication 01
September total CRC effol 6.8]
Gotober [ 1[Download HH Sleciichy data and populate info GHE fool T0=ta Download ] Duplcation o5
2 1[Request Gas oil data for Construction Internal Communication 0.05]
2 Download and populate external hauliers fuel for Quarries Data Download / Duplication Q.
2 Heguest Quarries production data and populate into CHC fool _|Internal Gommunication 0.4
2| 2|Download and populate turnover information for Quarries Data Download 7 Duplicatior [1]
2]  3|Audi elec &gas bills: Const, Internal Audit 0.
2| 3|Hequest if missing / unavailable fincorrect bills Internal Communication [0
2] 4lAuditiuels invoices: Construction Internal Aucht 07
2| 4| Get audit certificate signed from BC Internal Communication [5]
2|  4|Request if missing ¢ unavailable / incorrect invoices Internal Communication 01
2 5|Hequest external hauliers fusl tor Manufacturing Internal Communication 0.05)
2 S{Hequest Derv card purchases and petrol data Intemal Communication 0.05]
3 4|Follow up on external hauliers fusl tor Manutacturing Internal Communication 0.05]
3|  4|Populate Derv card purchases and petrol data into GHC tool Data Download / Duplication 04
3| 4|Fdllow up on Gas oil data for Construction Internal Communication 0.05]
4| 1|Populate CHE tool with fuels data |Data Download / Duplication 0 4]
4] 1|Confirm availabilty of complete / correct bills for next audit Intermal Gommunication 0.1
4]  1|Confirm availability of complete fcorrect invoices for next audt |Internal Communication 01
4]  4|Download and populate external hauliers fuel for Manufacturing |Data Download / Duplication 01
4] 4|Download and populate Gas oil data for Consiruction Data Download/ Duplication 01
October total CRC effort: 3.8]
[Tovember 1 1|Download HH electricity data and populate into CHE taol Data Download / Duplication 0.25]
2| 2|Download and populate external hauliers fuel for Quarries Data Download / Duplication 01
B[ 5[Request Guarries production data and populate nto GRG ool |Intermal Gommunication o4
2]  2|Download and populate tutnover information for Quarries Data Download / Duplication 01
3] 1|Check for league table publication External Communication 0.1
Al __t|Populate CHC tool with fuels data Data Download / Duplication 04
Novemnber total CRC effort: | 1.35]
[December 1 ownload HH electricity data and populate into CHC teol Data Download / Duplication 0.25]
2 Diownload and populate external hauliers fuel for Quarries Data Download / Duplication 0.
2 equest Quarries procluction data and populate into CRCtool |Intermal Communication 04
2 Download and populate turnover information for Quarries Data Download / Duplication 0.
2] 2|Copy NHH elec and gas sites data into CHC tool Data Download / Duplication
2 Audit elec & gas bills: Ind, Man, Eny Internal Audit [ |
2| 3|Request if missing f unavailable f incorrect bills Intemal Communication 0.1
2 4| Audit fuels invoices: Ind, Man, Env Internal Auciit 0.7
2| 4| Get audits certficate signed by BW Internal Communication 0.
2| 4|Rsquest i missing { unavailable / incorrect invoices Internal Communication Q
Update Special svents/change database Evidance Pack Update
2[Update new sites / bills in evidence pack Evidence Pack Update
Z[Update contacte/responshbiileslil ]
2[Update list of external records
Update & record CRC policies / procedures
Update records of exclusions
Populate CAC tool with fuels data Data Download / Duplication
Confirm availability of complete / correct bills for next aucht Internal Communication
Confirm avallabilty of complete [ correct nvakes Tor next audt i
December total CRC effort: |

| Total CRC Efforts in days per year |

218



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

APPENDIX 28: CRC Conversion Factors

CRC Energy Efficiency Scheme Order: Table of Conversion Factors
Version 1: Published 22 January 2010

Under the CRC Energy Efficiency Scheme, participants will be obliged to measure
the emissions from energy supplies for which they are responsible according to the
relevant conversion factors. These relevant conversion factors are specified in the
list below. These amounts will then be converted by the Registry into tonnes of
carbon dicxide by the application of standard emissicns factors.

Converting fuel types to CO2 Gross CV Basis
Fuel Type Measurement | Emissions Factor
Unit kgCO2 / per
measurement unit
Aviation Spirit tonnes 3128
Aviation Turbine Fuel tonnes 3180
Basic Oxygen Steel (BOS) gas kWh 0.996
Blast furnace gas kWh 0.996
Burning Oil/Kerosene/Paraffin litres 2.532
Cement industry coal tonnes 2373
Coke Oven Gas kWh 0.148
Commercial/Public Sector Coal tonnes 2577
Coking Coal tonnes 2032
Colliery Methane kWh 0.184
Diesel litres 2.639
Electricity kWh 0.541
Fuel Qil tonnes 3216
Gas Ol litres 2.762
Industrial Coal tonnes 2314
Lignite tonnes 1203
Liguid Petroleum Gas (LPG) litres 1.495
Peat tonnes 1357
Naphtha tonnes 313
Natural Gas* kWh 0.18386
Other Petroleum Gas kWh 0.2057
Petrol litres 2.3035
Petroleum coke tonnes 2981
Scrap tyres tonnes 1669
Solid smokeless fuel tonnes 2810
Sour gas kWh 0.2397
Waste (other than waste cil or tonnes 275.0
waste solvents)
Waste oils tonnes 3026
Waste solvents tonnes 1613

* This conversion factor should be used for any gas supplied through the national
grid network

(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 presielent 12 kVA heating /

cooling inverted systems with a combined capacitg® kVA. These systems are
linked using a shared duty automatic switchingeysthich allows system to swap
between the two independent systems sharing thengomequirements and load.

However, it was observed that these AC units a nmning in excess of 60% of
their duty, generally cooling, in order to maintadire required temperature. Due to
increased load on servers, the current system egwires 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 diyebelow the server from the

adjoining corridor. The fresh air supply must bkefed to remove the possible
incoming coal dust. Hot air will be removed frone ttop end of the servers’ cabinets
at the same time. The recovered heat will be décktit an IT store to reduce humidity
and avoid damage to the IT equipment. The propsegsttm would provide ducted

hoods set on the top of the existing cabinets, wthvidual balanced dampers, to
ensure that all cabinets have equal volumes ataioved. Likewise the replacement
air would be forced through a double filter systetmich would have the ability to

have additional cooling connected at a later stageuld it be required. It has been
estimated that the existing cooling systems would an 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

Coating plant burner

Capital Cost £30,000

Annual O&M Cost £500

Annual coaled production 20,000 tonnes (estimated)

Fuel Price £0.50 /litre

Fuel consumption (before) 12 litrefton

Fuel consumption (after) 10.5 litre/ton

Annual fuel saving 30,000 litres

CO2 reduction per litre 2.78185 kgCO2/itre (assuming 50%Gasoil/50%Kerosene)
Annual cost saving £15,000

Annual CO2 reduction 83.45 tonne-CO2

APPENDIX 32: Interviews on Decision Support Tool

INTERVIEWS ON USEFULNESS OF DECISION SUPPORT TOOLS

The following questions were raised in the Focusuprmeetings, and the responses
were summarised as answers.

Part 1: MACC as Decision support tool for Carbon Reluction opportunities

1. Do you consider MACC as a simple tool to compasgbon reduction
opportunities? Please give reasons for your answer.

- Yes. MACC is a simple model, easy to comparectmdon reduction opportunities.
Though, as it shows, an opportunity in negative igood opportunity is a strange
concept.

2. Do you consider MACC as a reliable tool to decighich carbon reduction

opportunities should be implemented? Please gasores for your answer.

- It is a good tool, but it does not take into agaothe impacts of inflation on running
costs and benefits related to a project, whichiogract a project. The tool does not
help in identifying if the project makes a goodestment case.

3. Do you believe if use of MACC can be helpfuthe company in CRC?
- Yes, it can be used to discount an opportunitgnetthe carbon abatement cost is
higher than the CRC allowance price.

4. Do you believe if use of MACC should be contidder the company?
- Yes. We intend to use MACC not just as a comparieol, but to identify our key
objectives (projects) to meet our carbon redudiiogets.

Part 2: ERIC as Decision support tool for Carbon Rduction opportunities
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1. Do you consider ERIC as a simple tool to comgarbon reduction opportunities?
Please give reasons for your answer.

- ERIC is difficult to understand as it uses thgdothmic scale. Apart from that, it is
a good tool to compare the investment case of uarwarbon reduction opportunities.

2. Do you consider ERIC as a reliable tool to decwdhich carbon reduction
opportunities should be implemented? Please gasores for your answer.

- It is a good tool to decide which carbon reductiopportunities should be
implemented for maximum financial return. Theraidanger that opportunities with
high carbon reduction potential may be neglectedhasemphasis is on financial
return.

3. Do you believe if use of ERIC can be helpfullte company in CRC?

- No, as it does not give any indication of thebcar abatement costs. But, it can be
helpful to identify which opportunities should bmplemented to save money and
balance the costs that are paid in CRC tax.

4. Do you believe if use of ERIC should be contohém the company?
- Yes. For the comparison of financial value ofomar reduction projects.

Part 3: CALORIC as Decision support tool for CarbonReduction opportunities

1. Do you consider CALORIC as a simple tool to canep carbon reduction
opportunities? Please give reasons for your answer.

- The flexibility in CALORIC to adjust the requird®R and carbon abatement cost is
very useful. Though like ERIC, it is difficult due the logarithmic scale, but since
you adjust the required IRR yourself, there is lgssnce of ignoring the fact that it is
a logarithmic scale. The main purpose of thesesta®lto reduce the risks and
uncertainties when making decisions, and highlightopportunities with possible
‘partial implementation’ is a very good idea to kpiopportunities with less risk /
uncertainty. The ‘must do’ opportunities are highted which also saves time. This
tool could be even more helpful when there is vimge number of available
opportunities.

2. Do you consider CALORIC as a reliable tool taide which carbon reduction
opportunities should be implemented? Please gasores for your answer.

- Yes. We can quickly pick the ‘must do’ and ‘paliyy implementable’ opportunities.
We may even pick an opportunity with a poorer IRRmarginal abatement cost if it
is ‘partially implementable’. Though it is based BIACC and ERIC, but CALoORIC

is more reliable as it reduces the risk by idemiy partially implementable

opportunities.

3. Do you believe if use of CALORIC can be helgfuthe company in CRC?
- Yes, we can adjust the vertical line to see hoanynopportunities give a better
marginal abatement cost than CRC allowance price.

4. Do you believe if use of CALORIC should be conogd for the company?

- Yes, definitely. The chart may be used to highligven more, such as highlighting
the opportunities which exceed available capitabiy the opportunities which do not
run until a certain number of years, etc.
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Development | Running Fuel Annual Capital Annual CO2
Case cost cost Reduction price usage cost benefit/cost | 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
Day- Annual
Cas capital hours Electricit | winter | Capita | benefit/cos CO2
e cost saved y Price weeks | | cost t 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
capital Fuel Exp. Capital Annual CO2
Case cost price Production lit/ton cost benefit/cost | 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

Saving
capital | Electricity Measurement Capital Annual CO2
Case | cost Price error cost benefit/cost | 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
Annual C02
Cas capital Electricit Incentiv capital benefit/cos reductio
e Yield cost y Price e cost t n
Standar | £135,00 £135,00
1 d 0 Standard | Standard 0 £16,210 21
£135,00
2 '+10%' 0 £17,883 23
£135,00
3 '-10%' 0 £14,536 19
£162,00
4 '+20%' 0 £16,210 21
£108,00
5 '-20%' 0 £16,210 21
£135,00
6 '+10%' 0 £16,599 21
£135,00
7 '-10%' 0 £15,820 21
£135,00
8 '+20%' 0 £18,780 21
£135,00
9 '-20%' 0 £13,639 21
wors
t £162,00
case '-10%' '+20%' '-10%' '-20%' 0 £11,873 19
best £108,00
case | '+10%' '-20%' '+10%' '+20%!' 0 £21,139 23
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6. Storage Sheds

capital Fuel Exp. Capital Annual CO2
Case cost price Production lit/ton cost benefit/cost | 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
capital Electricity Heat Capital Annual CO2
Case | weather cost Price Loss cost benefit/cost | 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
Est
capital cooling Electricity | Capital Annual CO2
Case cost load Price cost benefit/cost | 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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228



IMPACTS AND MITIGATION OF CLIMATE CHANGE LEGISLATIO

N ON UK NON-ENERGY INTENSIVE BUSINESSES

best
case ‘ '-20%' ‘ '-10%' ‘ '+10%' ‘ £12,000 ‘ £6,828 ‘ 54 ‘
9. LED Lighting
Existing
capital | Electricity lighting Capital Annual CcO2
Case cost Price load cost benefit/cost | 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
capital Wind | Electricity | Turbine Capital Annual CO2
Case cost speed Price uptime | Incentive | Export cost benefit/cost | 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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barr

is greener!

Issue 3 January 2013

Energy Newsletter

Special Interest Articles

Barr Limited drives towards
BSI Kitemark for Energy
Reduction

« At Barr  Environmental,
Energy Management takes a
gear up

CRC Year 2 update

Energy Database is on-line
Sheds saving money at
Tongland Quarry

Did you know?

+ For every two minutes a car is
idling, it uses about the same
amount of fuel it takes to go
about one mile.

1 heur idling of a 50 kKW motor
cests L

Idling compressors consume 20-
70% of their full load power and
one small leak costs over £500 a
year

Conversions:

« 1 tonne of CO, is emitted when
producing:

- 32 tonnes of coated products

- 100 metre-cubes of cencrete

- 200 tonnes of aggregate

Boiling more water than you
need in an electric kettle emits
an extra 20 grams of CO; per
cup. Fill it enly with as much
water as you need.

More news..

Installaticn of energy saving
timer contrels on heaters at
Garlaff and Auchencarrech
Energy use by bitumen tanks is
being monitored in all quarries
to identify energy saving
oppaortunities

In addition te the Guidance
notes available in the Energy
Database fer lights and heating
controllers, more guidance
notes will be available for
‘Drying rooms’ and ‘Meter
reading’ from February 2013

Please contact:
ali.sheikh@barr.ce.uk
01290 700 763 or ext 3063

Energy Management at Barr - 01290 700 763 / 3063

There are on-going external audits from
BSl to verify reduction in company’s
energy use over the last three years.
The audits also include site visits to
verify the data collection processes and
best practice, where applicable. Upon
positive outcome of the audits, the
Group will be awarded with the ‘BSI
Kitemark for Energy Reduction
Verification’.

This BSI Kitemark will not only replace
our previous certifications with the
Carbon Trust Standard, but also help us
in achieving the ISO 50001 International
Energy Management Standard in the
coming years.

The criteria to achieve ‘BSI kitemark for

Barr Holdings drives towards 'BSI Kitemark ‘EM,.*
for Energy Reduction Verification’

yodINg

}

By O
’CAHON

Ducnon
Energy Reduction Verification’ is more
challenging than the Carbon Trust
Standard. It requires us to reduce our
specific energy consumption by 2.5%
every year.

The BSI Kitemark will cover the
operations of Barr Holdings, comprising
the Industrial, Environmental and
Construction divisions.

So, what’s next? Sky Is The Limit!!
Please keep contributing towards your
company’s and your country’s energy
efficient future, so even tougher
challenges could be faced as easily.

Carbon Footprint Update

According to the latest calculation,
Barr’s carbon footprint for calendar
year 2012 was 15,328 tonnes of CO,. In
addition to our consistent
implementation of a number of energy

saving initiatives, the slowing market @

was the major factor in reduction in our
energy use & carbon emissions. Due to
expected increase in  our energy
intensive business, the overall carbon
footprint will be rising again in 2013.

- CO e

Barr’s carbon footprint
2006: 24,312 tonnes of CO,

2007: 33,834 tonnes of CO,
2008: 28,780 tonnes of CO,
2009: 19,698 tonnes of CO,
2010: 23,485 tonnes of CO,
2011: 22,035 tonnes of CO,
2012: 15,328 tonnes of CO,

Mcre Energy savings at Sorn
and Tormitchell Quarries

After Barlockhart quarry, PSX timer
switches have now been installed at
Sorn quarry and Tormitchell Quarry. 2
units have been installed on each of
these quarries.

i A monitoring & verification exercise was
carried out at Sorn Quarry before and
: after the

implementation,  which
showed a saving of £86 per month on
each quarry. The implementation will
reduce 2,729 kg of CO, every winter on
each of these quarries.

CRC - Year Two

¢ In the CRC year-2 (i.e. Apr-11-Mar-12),
i our CRC related carbon emissions were

15,452 tonnes of C0,, and after applying
all possible exclusions, we paid a sum of
£152,220 in CRC tax for the year.

Due to recent changes in CRC
announced in Dec’12, some fuels have
been excluded which will reduce our
CRC bill, but, we must continually
reduce our carbon emissions, as the
excluded fuels will soon be covered
under a proposed new climate change
levy.

The CRC League Table has been
abolished; therefore, we will not have
the pleasure any more to see ourselves
ahead of our competitors in the carbon
emission reduction.
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Energy Newsletter

Page 2 of 2

Why Would |

Save Energy?

As per our energy pelicy, each
individual employee is
responsible for the delivery of cur
energy  efficiency  objectives.
Saving energy saves jobs by
ensuring that our organisation
remains competitive, and it is also
necessary to provide a fair living
atmesphere  to cur  coming
generations.

Myths:

It is a myth that ‘Leaving air
canditioning an overnight
reduces energy costs as the
system stays at the required
temperature’. Switch air-con
off avernight at  your
warkplace!

It is a myth that ‘It is better to
leave flugrescent lights on as
starting them up wastes more
energy than if they remain
permanently  switched on’.
Switch the lights off if when
they are nat required!

What will be happening in the
next few months?

« Circulation of certificate of
achievement of ‘BSI Kitemark for
Energy Reduction Verification’.

« Internal energy audits

« Deployment of energy saving
timer centrols in more sites

Please ask for:

« Available posters:
- Switch it off
Handle with care (for
Asphalt burners)
It’s in your hands

a1
Y

Energy Management takes a
_gear up at Barr Environmental

Barr Environmental, which emits 21% of

company’s overall carbon emissions, is
now taking a gear up in carbon
reduction initiatives.

The latest initiatives at  Barr
Environmental include Energy Toolbox
talks, Energy awareness in monthly site
based meetings, and feasibility studies
for voltage optimisation system and PSX
timer switches.

Energy benchmarking is also being
introduced at Barr Environmental.

f"o’f

o BAE

4
P 4

Initially, the benchmarking will include
the on-site plant and Leachate
treatment systems only, but later it will
include the operations such as baling,
landfill, etc.

Energy Audits
Going forward, all QEMS Internal audits
will also include elements in line with
'BSI Kitemark for Energy Reduction
Verification” requirements. Supporting
information on Energy is available on
the Industrial QEMS and Barr
Environmental workspace on Lotus
Notes. Please contact IT Helpdesk if you
face any difficulty accessing these
databases.

Energy Savir{c} Tdeas

‘Energy saving ideas’ were requested
from the Quarries staff in the last
quarter of 2012. Sorn Quarry took the
lead by coming up with 2 quick ideas,
which were ‘Operational improvements
in shovel use’ and ‘installation of
innovative PSX timer switches’. Both the
ideas were implemented resulting in at
least a monthly reduction of over 3.5
tonnes of CO, and a saving of £850 a
month.

Sheds at Tongland Quarry

Installation of Material storage sheds
was completed at Tongland Quarry in

Sep’12. A saving of 6,400 litres of fuel

in the months of October and November

: was calculated on the basis of
i production levels, at 1.5 litres per

tonne reduction.

The sheds have been designed to face
South West to benefit from the sun, and
the floor is inclined to allow natural
removal of moisture. There are 3
partitions under the shed, storing 4mm
down dust, 6mm down dust and asphalt
sand.

i Savings were also verified on basis of

existing research, which shows that
every 1% moisture reduction can save
0.7 litres per tonne. David Jaszewski,
Quarry Manager at Tongland, measured
the moisture in fines both under the
shed and lying outside, finding a

difference of 8.3% between the two.

Toolbox-talks introduced at
Construction Division

Barr Construction have introduced a
mandatory requirement for each site to
carry out a minimum of one
environmental toolbox talk per month,
Energy Management. talks feature on the
list. These talks will also be a
requirement site wide thus encouraging
all our sub contractors to engage in
implementing best practice.

Top 6 wards since the last newsletter:

#Shovels at Sorn

#BSI Energy Kitemark

#New Energy Toolbox Talks

#New Innovative plug-in timers on heaters
Search the newsletter to find why these words are at the top!

231



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

APPENDIX 35: Toolbox Talk

Toolbox Talk

Energy

THEME:
COATING PLANT

DON’T BURN MONEY!

How often should a coating plant burner be serviced?
It depends on how much we use the plant, but usually, a coating plant burner must be serviced at least
twice a year. At every setvice, a service repor is generated by the servicing company.

What should | see about Carbon mono-oxide in the coating plant service report?

The service report provides the value of Carbon Mono-oxide (CO) in parts per million {ppm). If CO levels are
above 250 ppm, this means fuel is not being burned fully. A good service of the plant should give a value of 250
ppm or less.

What should | see about Oxygen (02} levels in the coating plant service report?

The service report provides the value of Oxygen {O2) levels as O2 percentage. If O2 is above 16%, this means
fuel is being wasted by heating too much cold air. A good service of the plant should give a value of 16% or
lesser.

What should | see about Flue gas temperature in the coating plant service report?

The service report provides the value of flue gas temperature. If Flue gas temperature is above 130°C, this means
not enough heat is being transferred to the aggregate in the dryer. A good service of the plant should give a value
of 100°C or near.

How can | reduce the amount of energy we use in coating plant?
Brainstorm for site specific answer. General opportunities include servicing keeping aggregate dry, drum
insulation, minimum number of starts, reducing any idling of motors / bells, etc.

How much could uninsulated flanges and valves on a bitumen tank cost over a year?
As much as £1,400

How much impact does it make on energy consumption if we can reduce the moisture in aggregate?
A 2% reduction in aggregate moisture content can reduce energy consumption by 15%. When taking aggregate
from the stockpile, you must avoid taking it from the floor f very bottom of the pile.

Where the stockpiles should be positioned / located to make the process most energy efficient?

The storage stockpiles should be positioned to ensure that the distance between crushers and storage stockpiles
of their products is minimum for the shovels. Aggregate for the coating plant must be stored in a location where its
distance from both the crusher and the coating plant is minimum.

232



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

APPENDIX 36: KPI / Benchmarking sheet

Energy Use Calculator Quarry:

Month / Year [ |
Product: D

Consumption |Multiply By |Energy Used (kWh)
Electricity consumption for Dry only (kWh) 1.0 (A)
Fuels consumpfion for Dry only: - - - -
- Gas Qil 10.6 (B)
- Kerosene 10.3 (C)
- Other fusl (D)
Total Energy Used (A+B+C+D) (E)
Tonnes of Dry produced Tonnes (F)
Energy per unit of product (E / F) kWhitonne (G)
Industry Benchmark 18 kWhitonne (H)
Difference (G - H) (1)
Note: If 'I'is positive, you need to take serious action to reduce your energy consumption.
Product: Coated

Consumption |Multiply By |Energy Used (kWh)
Electricity consumption for coated only (kWh) 1.0 (A)
Fuels consumpfion for coated only: - - - -
- Gas Qil 10.6 {B)
- Kerosene 10.3 (C)
- Other fuel (D)
Total Energy Used {(A+B+C+D) | (E)
Tonnes of coated produced: Tonnes (F)
Energy per unit of product (E / F) kWhitonne (G)
Industry Benchmark 130 kWh/tonne {H)
Difference (G - H) (1)
Note: If 'I'is positive, you need to take serious action to reduce your energy consumption.
Product: Concrete

Consumption |Multiply By |Energy Used (kWh)
Electricity consumption for Concrete only (kwh) 1.0 (A)
Fuels consumpiion for concrete only: - - - -
- Gas Oil 10.6 (B)
- Kerosene 10.3 (C)
- Other fuel (D)
Total Energy Used (A+B+C+D) | (E)
Metre-cubes of concrete produced: m3 (F)
Energy per unit of product (E / F) kWh/im3 (G)
Industry Benchmark 5 kWh/m3 (H)
Difference (G - H) (1)
Note: If 'I'is positive, you need to take serious action to reduce your energy consumption.
CRC Costs: Consumption |Multiply By |[tonnes-C02
Electricity {total kWh) 0.000541 (J)
Gas Oil (fotal litres) D.002762 {K)
Kerosene (total litres) 0.002532 (L)
Total tonnes of CO2 (J+K+L) (M)
Total CRC Cost (M x £15) £
Name: |Sign./Date: /
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