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CLIMATE CHANGE AGREEMENTS

GUIDANCE ON HOW TO ADJUST TARGETS TO aLLOW for product mix and THROUGHput CHANGES

1. Overview

1.1. Introduction

The purpose of this note is to provide guidance on how to adjust Climate Change Agreement (CCA) targets to allow for product mix and output/throughput changes via use of a product mix and output/throughput (PMO) procedure.  The note covers

· Guidance on to whom this note is relevant, when an adjustment is allowed, some background information and general good practice (this section)

· The process of gaining Secretary of State approval for a PMO procedure (Section 2)

· How to establish the relationships between energy use and production (Section 3)

· How to use the relationships established to adjust a target, possible approaches to establishing a procedure and dealing with subsequent changes to the procedure (Section 4)

References to Energy Efficiency Best Practice Programme literature are given at the end of the paper.

UK manufacturing industry is diverse.  In a document such as this, it is not possible to give advice to cover all situations.  For specific advice, please consult your Sector Association, who may seek advice from DEFRA or their technical advisors.

1.2. Background

The Climate Change Agreements include provision for relative targets of target units to be adjusted to take into account any changes in product mix or throughput, provided the method used is justifiable, transparent, auditable, and does not compensate for poor energy efficiency planning and operation.  This provision is only available for the first three milestone targets and only where: 

1. The Operator has not chosen to have a tolerance band* for the target unit (Underlying Agreement, Schedule 2, Paragraph 1);

2. A procedure for adjusting the target to take account of product mix and/or throughput has been agreed between the Operator and the Secretary of State.

(* Please note that prior to signing a CCA, each Operator selected product mix/output adjustment or a Tolerance Band as a risk management mechanism.  If the Tolerance Band was selected the Operator will not be able to use a PMO procedure and hence does not need to follow the Guidance in this document.  However, the techniques described here could well be helpful should an Operator wish to be recertified by claiming a ‘relevant constraint’.  They are also valuable in themselves as energy management techniques.)
The option of using a PMO procedure is a “risk management” mechanism that has been built into CCAs.  The PMO procedure allows the Operator of a facility to take into account changes in product mix and/or product output/throughput compared to a reference situation. In most cases this reference situation is that which obtained in the base year.  Some sectors, on the other hand, have included projections of output/product mix for the period of the agreements as an integral basis of their target offers to DEFRA.  In such cases, the reference will be the projected situation for the target period in question.  

In order to encourage Operators to move to more energy efficient products, Operators may apply the PMO only where the changes adversely affect their ability to meet a target. Development of an agreed PMO procedure will allow the Operator to recalculate a target at a milestone to allow for changes in product mix and/or output, and as a result possibly avoid loss of Levy discount.  

Some Sector Associations have given considerable thought to the PMO issue and Operators are advised to seek their advice on any preferred approaches to adopt.

Operators should be aware of the “Qualitative Requirements” that are in Schedule 3 of the Underlying Agreement.  These set down the types of activity expected in any good energy management programme.  

While the approach to target adjustment described here meets the requirements of DEFRA, sectors/Operators may apply alternative approaches providing the fundamental requirements described at the start of this section and in 2.1 are met, in particular any alternative approaches must be agreed with DEFRA.

In order to be able to apply the PMO it is essential that the Operator collects suitable energy and production data on a regular basis through the life of the CCA.

2. Approval of a PMO procedure

2.1. Fundamental requirements

Although the Operator will only need to decide whether to actually apply the PMO procedure following the end of a milestone period, the Operator will need to be properly prepared to do so and already have had the procedure agreed with the Secretary of State.  This will inevitably require work throughout the target period.  Some sector agreements require Operators to supply their Sector Association with product mix data irrespective of whether the individual Operator chooses whether or not to apply product mix should the sector not meet its target.

To be acceptable to DEFRA, the PMO procedure must show in quantitative terms the relationship(s) between energy use and product mix/output; i.e. be a mathematical relationship(s).  Operators must also be prepared to demonstrate at audit that the relationship(s) were developed through objective methodologies and are a reasonable representation of the actual situation.  The complexity of the relationship(s) is strongly dependent on the range of products and processes.  In the simplest case a facility may only make one product.  In this case the only variable is the level of product output, and the establishment of a justifiable and auditable PMO procedure is relatively straightforward.  In a more complex situation, a facility could be making, say, five different products, each with significantly different energy requirements.  Establishing an accurate PMO procedure in these circumstances may well require significant effort.  This paper offers only generic approaches.

Operators also will need to provide an algorithm or algorithms, based on the relationships developed, that can be used to adjust targets in an objective manner that only compensates for product mix and/or output changes relative to the reference.  Within certain sectors this will require the use of a method of adding disparate measures of specific energy consumption (SEC) eg kWh/tonne, kWh/component, kWh/unit area.

2.2. Gaining Secretary of State approval

It is DEFRA’s intention to approve, as far as possible, approaches at sectoral or wider level (as provided for in CAA(01)03).  The procedure will be for Operators to declare that they will be following a particular generic approach (probably a general approach adopted by their sector association), and then submit their actual algorithms (equations), and supporting information/data to DEFRA.  Operators do have the option of adopting their own approaches, but these would of course require separate Secretary of State approval.  An optional proforma for operators to declare their procedure is attached as Annex 1.  Operators are strongly encouraged to work through the form fully to check out the procedures they wish to apply.  This will give reassurance that the data and procedures are valid well in advance.

To ensure time to gain the Secretary of State’s approval, the procedure should be submitted at least three months before the end of the Sector’s milestone period.

3.  Establishing relationships between energy and production 

3.1. Basic principles

3.1.1. The influence of output

The basic pattern by which energy consumption is linked to production level for a process is frequently of the form:

Energy = (m x production) + c

Where m and c are empirical coefficients – i.e.  are determined from the data.

This is illustrated below (Figure 1), for the example where m=2 and c=70.
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Figure 1:  Typical plot of energy vs.  production

Experience indicates that the linear assumption y = mx + c is adequate for most situations.  However, companies may apply more complex curves if appropriate.  The equivalent graph of Specific Energy Consumption (SEC) vs. production for the data illustrated in figure 1is shown as Figure 2.
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Figure 2  Typical plot of SEC vs.  production

Figure 2:  SEC vs Production

These plots demonstrate that because of the fixed element of energy, c, the specific energy consumption improves with utilisation of the process.  Consequently variable production of a product results in variation in SEC, even where the operation is in itself highly efficient.  

The situation is further complicated when a number of production units, or lines, are being employed.  

Consider the situation of three identical lines, each of a capacity of 100 production units and having the energy characteristics shown in Figures 1 and 2.  Where total production is between 0 and 100 units, the SEC follows Figure 2 as only one line is being employed.  If production is increased to, say 110 units then a second line has to be brought into use and will be operating at only 10% utilisation and consequently a poor SEC.  

The impact on the total SEC can be seen in Figure 3, which also show the effect of bringing the third line into operation.  In practice the operator would probably balance production between production lines to optimise efficiency at a particular output, but the example illustrates the issue.
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Figure 3  Typical plot of SEC vs. production for three identical production lines, each of 100 units production capacity

If the discontinuities are too great for a graph such as Figure 3 to be useable, then each production line should be treated as a separate product.  Further advice on these more complex situations should be sought from your Sector Association or DEFRA’s technical advisers.

3.1.2. Several products - the influence of product mix

Different products will have different energy vs.  production characteristics, but usually of the form Energy = (m x production) + c.  Consider the example of two products of characteristics:

Product 1:
E1 = m1.p1+c1


Where 
E = energy 

Product 2:
E2 = m2.p2+c2



p = production quantity (p1 and p2 are

in the same units)

Overall Specific Energy Consumption (SEC) =_m1.p1+c1+m2.p2+c2_

p1+p2
More energy intense products will be characterised by greater values for m.and/or c.

For example, if m1 =10, m2 = 100 and both c terms are zero:

In year 1 if p1 is 10 and p2 is 5 then the SEC is (10 x 10 + 100 x 5)/ (10 + 5)  ie 600/15 or 40

In year 2 if p1 is 5 and p2 is 10 then the SEC is (10 x 5 + 100 x 10)/ (10 + 5)  ie 1050/15 or 70

Clearly if a target were to reduce to an SEC of 38, the change in product would make this an impossibility without a product mix correction.  Changes in production could affect the energy demand to completely mask any energy efficiency measures.

This assumes however that the units of each product are the same ie both in tonnes or square metres.  If this is not the case, then the NOVEM method in Section 4.1 needs to be applied.  

3.1.3. How to evaluate ‘m’ and ‘p’ in a one product case

It is easiest to demonstrate the principles by considering the example of a facility producing only a single product.  In this situation the relationship between energy and production can usually be plotted as a simple straight-line graph of the form y = mx + c.  

It should be noted that an individual equation of this type should be established for each separately metered energy stream (e.g.  one equation for gas use and one for electricity).  When using sub-meters to help establish the PMO procedure it may be appropriate to develop equations for each part of the process covered by the sub-meter.

Assuming that the Operator is gathering data on a weekly basis, a graph can be plotted as in Figure 4.  This Figure shows weekly gas use on the y-axis plotted against weekly tonnage on the x-axis.  The data, which is based on 6 months of weekly readings, shows a clear trend between energy and production.
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By using a standard spreadsheet package to plot the graph it is a very simple process to add a trend line and obtain the equation.  Spreadsheets use linear regression to produce such trend lines.  This is shown in Figure 5.

Figure 5 Example of a Relationship of Gas to Production with Line of Best Fit
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This approach will not cope with complicated situations and the operator should review the results to ensure they accurately represent the process in question.

3.1.4. Evaluation of production variables for companies with more than one product

If there is more than one product, without individual sub-metering, then the Operator may need to use a mathematical technique to establish the energy use of different products.  One method is called multiple linear regression.  A simple example of which is described below.  (Spreadsheet packages are available commercially to help perform this process.)  

It should be assumed that the data in the table below is part of a bigger dataset for a site.

Gas Use
Product A
Product B

kWh per week
tonnes per week
tonnes per week





2800
200
100

2700
180
80

2500
160
60

3000
210
110

3200
230
120

2100
120
70

2800
170
60

3300
190
150

3200
220
100

1900
100
80

Use of the multiple regression tools in a spreadsheet package quickly enables the Operator to establish the following equation:

Gas Use = 807.9 + 8.87 x Product A + 3.91 x Product B

This process would need to be repeated for other fuels to obtain the full picture.

It should be noted that this technique needs to be treated with considerable care as it is easy to produce erroneous results from inadequate data.  It may well be suitable in a straight-forward situation, but most practical cases will be more complicated, in which case it will be prudent to supplement the technique with additional supporting information, such as from ‘campaign’ monitoring of individual production lines.  Alternatively, the installation of permanent sub-metering may provide more robust results.  This then reduces the situation to a collection of discrete products as in section 3.1.3.

3.2. The need for accurate data

Crucial to developing the above relationships is the need for accurate, auditable data.  Hence, if an Operator wishes to develop a PMO procedure, it is necessary to decide at the outset what data will be required and to start collecting this data as soon as possible.

3.2.1. Identifying production variables

Most variables will be in the form of product throughput (e.g. in tonnes per week).  One of the key judgements to make is how to split product throughput.  It may not be necessary to record data for every individual product – the Operator needs only to break down production into categories that have different energy requirements.  In most facilities there will be relatively few product categories with significantly different energy requirements.

Further guidance is given in Appendix 1.

An Operator may also wish to consider recording other types of variable, such as degree-days (a form of weather data), if the Operator considers that such variables could significantly influence energy consumption.

The overall aim is to show how performance in a target period has been affected by changes in product mix and/or output/throughput relative to the reference.  Hence, a fundamental requirement in relation to production variables is that the Operator knows the value of each production variable for the reference period.  

3.2.2. Energy data and the degree of sub-metering required

As an absolute minimum the operator must collect regular data for the main sources of purchased energy (i.e.  main meter readings for electricity, gas etc.).

In many situations Operators will find it easier to develop a PMO if there is access to sub-metered data.  This will enable individual production lines to be monitored and help to establish the energy use of particular products.  

Operators may need to install appropriate sub-metering where its absence prevents robust relationships between energy and production to be developed.

3.2.3. Frequency of data collection

Operators will not in general be able to base the PMO only on the annual data that they submit to their Sector Association, because this is likely to provide insufficiently detailed data to be able to establish a statistically sound mathematical relationship.  

Instead it is recommended that Operators collect data on a more frequent basis such as monthly, weekly or even daily.  As a general rule, monthly data should be sufficient for small sites or for those with only one or two production variables.  For larger or more complex sites Operators should collect energy and production data on a weekly basis.

Production cycles should be taken into account when choosing a data collection period so that one period is directly comparable with another.

3.2.4. Continuity of data collection

The Operator should collect the relevant energy and production data for the PMO procedure on a regular and on-going basis.  It will be far easier to demonstrate the soundness of the procedure with regular data collected throughout the life of the CCA than it would with non-continuous data.  The data can also then be used for regular performance analysis of the facility to allow optimum resource usage and cost savings to be made.

3.2.5. Consistency of monitoring periods

It is essential that the monitoring periods are consistent.  The data collected for production must be for exactly the same period as the data collected from energy meters.  For monthly data collection it is necessary carefully to consider the definition of a consistent monthly time period.  It is not advised to use calendar months, as these vary in length and have varying numbers of weekend days.  It is strongly preferred that the Operator should carry out period reporting, either based on a mixture of 4 week and 5 week months or on 13 periods each of 4 weeks.  Alternatively, if the Operator collects data on a monthly basis the data could be converted into figures equivalent to energy use per week and production per week.  This simplifies the analysis if the monthly data is normally a mixture of 4 week and 5 week periods.

3.2.6. What type of meter readings are preferred

Wherever possible, operators should use their own meter readings since the use of energy invoices for this purpose is severely limited in generating valid data.  Operators will have control over the time periods over which the meters are read, ensuring production and energy data are routinely collected for a consistent time period.  

Meters will drift with time and Operators should have a calibration programme in place for their metering.  (See Part C of CCA(01)03)

3.2.7. Using short term data collection “campaigns”

In many situations it will be useful to consider supplementing the regularly collected data described above with further, more detailed, data collected over a short period.  

For example, in a facility that switches production between two products half way through the week it may be helpful to gather individual meter readings for parts of the week.  This will help demonstrate how much energy each type of product uses.  If a data collection campaign was carried out for, say, 10 weeks this could provide sufficient extra detail to support the “normal” weekly or monthly data collection.

3.2.8. Dealing with process changes

A further very important set of data to collect relates to process changes since the base year.  Examples of process change include product specification changes and extra equipment required; or operating practices that have been modified.  This can be dealt with in terms of product mix – a new production specification can be dealt with as if it is a new product.

As a minimum Operators should keep a good record of the dates on which significant process changes began.  Operators can then use this information to help interpret “step changes” in their energy data.

It may be beneficial to add new sub-meters to measure the impact of process changes.  Sub-metering could enable Operators to show clearly the impact of the change.

3.2.9. Rejection of erroneous data points

When establishing energy/output/product mix relationships it may be valid to reject certain data points, where these are known to be unusual (e.g.  it is known that there was a quality problem and product was rejected).  It is acceptable to reject data in this way providing it is a transparent process, backed up by a good justification for the data rejection.  In linear regression analysis, the constants m and c are calculated using least squares analysis.  With least squares, a data point further from the calculated straight line is more influential than one closer.  Consequently erroneous data points, which will usually be further from the line of true relationship than good data points, will have disproportionately distort the apparent relationship that the spreadsheet provides.  Errors should therefore be eliminated before computation of the relationship.

3.3. Possible Approaches

3.3.1.   Simple process, one product, no other influences

This example is covered in the earlier section (3.1.3).  The only issue is change of output level.  The aim is to produce a single regression relationship for each fuel type (electricity, gas etc.) against output level.  As there is a single product, there is no particular need for analysis of sub-metered data.  Although it should be confirmed that facility energy use corresponds to the energy data provided, which may be for the whole site.  If the opportunity arises, measuring base load during a shutdown period could be useful to help confirm the intercept of the regression graph.  Although, care is needed in this approach as during a shutdown some of the energy using equipment which normally contribute to the base load may also be shut down.

3.3.2.   Two or more products, on same production line, product changes once or twice per week

Where a company uses the same production line to make two different products, this is like the example in section 3.1.4.

Collect weekly data of each production variable and each energy type.  Produce a multiple regression relationship for each fuel type.  Short term data campaigns should be carried out to measure performance over batches of each type of product.  These can be used to verify the weekly data.

Sub-metering could be useful if one of the products uses certain equipment not used by the other.  These bits of equipment can be sub-metered to help prove the difference in energy use of the two products.

3.3.3. Two or more products, on same production line, product changes less than once per week

Some sites make products on a seasonal basis.  For example, in the food sector, a frozen vegetable plant may freeze peas for 3 months, then move on to sprouts and then to root vegetables.

In this situation, the Operator should try to treat the data separately.  Effectively the facility operates as a series of simple one-product processes.  The Operator should derive a single regression relationship for each product and make adjustments for the length of each operating season.

3.3.4.   Two or more products, on same production line, product changes hourly

This is a slightly more difficult situation, as it may be difficult to collect data for each product individually.  If this proves to be the case, the Operator can only ensure data collection is weekly, not monthly, and aim to use sub-meters where possible..

3.3.5.   Two or more products, on different production lines

This is a very common situation where several different products are being made in different parts of the factory.  Production is usually simultaneous.

In this situation the use of sub-metering is important if the Operator is to verify the energy intensity of each type of product.  The main production lines should be separately metered, with each of the central utilities such as steam, compressed air, and refrigeration being sub-metered for each production line.

3.3.6. Two or more unlinked parts of the factory with different variables

In some situations a single facility may have two separate processes with different variables that would be “confused” if analysed together.  In this case the use of sub-metering could be very important.  Ideally the two processes of the facility will be separately sub-metered and you would develop a multiple regression analysis independently for each half.

3.4. Dealing with Subsequent Changes

3.4.1. Change to production process

If an Operator modifies a process line by the addition of new energy-using equipment this must be well documented.  The date of the change should be recorded and if possible the new equipment should be sub-metered.  The Operator should try to show the “step change” in energy consumption that occurs.  The data before and after the change must be kept separate when carrying out any analysis.

3.4.2. New and ceased products

In the NOVEM method, if a new product is to be introduced then the SECs for the target years (SECn) (and base year if needed - SEC0)  have to be determined for that product.  It may be that SEC0 can be established from data available from a similar plant, from theoretical considerations or by extrapolating the SEC at the time of introduction back to the base year by the average reduction in SEC of other products in the calculation during that time period.  Whatever the method chosen, the assumptions made must be clearly recorded.

Given the projected production volume, the new product can be added to the spreadsheet and the methodology will adjust the target accordingly.

Ceased products are simply an example of product production variation, ie the quantity of product is zero for the subsequent target period.

3.4.3. Major changes to the facility

Paper CCA(01)05 describes the procedures when a facility has changed so much that existing data is no longer relevant.  Operators should consider whether they need to seek IPPC authorisation and whether a fresh PP4 should be submitted.

4. Target adjustment

The purpose of the PMO procedure is to enable the Operator to show the difference between the actual energy consumption in a target period and what the consumption would have been if the same product mix and output would have been produced in the base year.  The Secretary of State is expecting to see an improvement in underlying energy performance.

The Climate Change Agreements look at this from the target point of view; the PMO procedure needs to determine what the target should be, given that the original product mix and output assumptions (the reference) have been departed from in reality.  That is, there will be a new target developed that allows for the change in product mix and output.

As has been described, this must be done by establishing a mathematical relationship that shows how energy consumption is influenced by output and/or product mix.  This enables the true impact of energy efficiency measures to be exposed.

The basic method is to use the specific energy consumption for the product(s) in the base and target years to evaluate energy consumption.  

For some facilities, whilst the base year SEC for the whole facility is known, records may not exist to allow the calculation of individual product group SECs.  In this case, the SECs must be estimated. A number of methods may be used for this.  For example

· by a theoretical evaluation of the production process

· by employing data from other facilities making the same products

· by establishing the SECs now and assuming the ratio between product SECs was the same in the base year.

Whichever method is chosen, the procedure and assumptions should be clearly recorded for audit purposes.

The most flexible approach is referred to as the NOVEM method, which was originally described in NA(00)58 (now withdrawn).

This section first describes the NOVEM method, which includes an example for the general case and then gives a further example for the single product case.

Section 4.1 describes the basic method.  Section 4.2 discusses how to adjust a product SEC for variation in output following on from section 3.1.3 where a method of establishing the relationship is described.  Section 4.3 describes how those modified SECs are incorporated into the basic method to produce a revised target.   Section 4.4 gives an example for a single product company using the example data in 3.1.1.  Section 4.2 can be extended to incorporate other equations such as that derived in 3.1.4.

4.1. The NOVEM method

4.1.1. Background

The method is based on that developed by NOVEM in the Netherlands and is a procedure for correcting distortions in overall and individual SECs introduced by changes in product mix/output so that the aggregate result reflects only the improvement in individual Specific Energy Consumptions (SEC).  This is done by re-evaluating the target in line with the actual product mix/output in the target period.

In summary: 

· at any milestone period, this target energy demand is re-evaluated using the actual product range at the target SECs,  

· this revised target is compared with actual energy used as derived from the actual product range and the actual SECs.  

The nearer the company’s predictions for product mix are to actuality in the target period, the smaller the change in the target calculated.

As the method calculates and tests energy consumption, the units of the SEC for individual products need not be the same.  If the units are the same the procedure is simply to calculate the weighted average SEC for the range of products covered by the agreement.

The method can be extended to other corrections, eg variation of efficiency with output level, if required.

The method could be applied equally to a range of products within a facility or a range of facilities within an organisation or the participants within a sector agreement.

The introduction of new products and the cessation of others are automatically incorporated in the energy consumption figure (provided energy targets are established for the new products).

The spreadsheet from which the examples below are derived is available from Future Energy Solutions.

4.1.2. Product mix calculations

Note that, in this section, it is assumed that SEC is independent of output.  The additional effect of the changes due to output dependence is considered in subsequent sections.  For each individual product or product group at an individual firm let its:

· SEC and output (eg tonnage or number of components) in the base year be SEC0 and t0 respectively,

· projected SEC (target SEC) and output in milestone year n be SECn and tn respectively, (some sectors have agreed targets on the assumption that tn = t0 for all years)

· actual SEC and output in year n be SECN and tN respectively.

Then projected and actual energy demands in year n are:


Base year
Target for year n in Agreement
Actual in year n

Revised Target

Product energy use
SEC0 * t0
SECn * tn
SECN * tN
SECn * tN

Company energy use by summing over all products
((SEC0 * t0)


((SECn * tn)


((SECN * tN)
((SECn * tN)



Target Ratio
1

((SECn * tn)

((SEC0 * tn)
((SECN * tN)

((SEC0 * tN)
((SECn * tN)

((SEC0 * tN)

Overall SEC( if units are same
  ((SEC0 * t0)

( t0
((SECn * tn)

       ( tn
((SECN * tN)

       ( tN
((SECn * tN)

       ( tN

((SEC0 * t0) is the actual total energy use in the base year

((SEC0 * tn) is the reference energy use in the base year using the projected product mix at the base year SECs – later referred to as the reference year position (for sectors assuming tn = t0 this equals ((SEC0 * t0))

((SECn * tn) is the target energy consumption at the projected product mix and the target SECs in the milestone year n (for sectors assuming tn = t0 this equals ((SECn * t0))

((SEC0 * tN) is the reference energy at the actual output in the milestone year n

((SECn * tN) is the target energy at the actual output in the milestone year n

((SECN * tN) is the actual position in the milestone year n

Hence the target as established at the start of the agreement is:

‘Calculated energy consumption at projected tonnages and target SECs’.

or as the ratio:

calculated energy consumption at projected tonnages and target SECs
calculated energy consumption at projected tonnages and base year SECs
At any milestone year, the revised target is:

‘Calculated energy consumption at actual tonnages and target SECs.’

or the ratio:

calculated energy consumption at actual tonnages and target SECs
calculated energy consumption at actual tonnages and base year SECs

or where targets are expressed as SECs

calculated energy consumption at actual tonnages and target SECs
                                    actual tonnages 
The key difference between the “Target for year n in Agreement” and “Revised Target” columns is that projected tonnages are used in the first instance and actual tonnages in the second.  For the “Revised Target” therefore, this weights the agreed SECs with the actual tonnages.  If the target is specified as the sum of the target SECs multiplied by the actual tonnages, tonnage appears in the numerator and denominator and the target is therefore a function of energy use only.  If the “Revised Target” is specified in the ‘Target Ratio’ formulation, it may be regarded as a function of energy efficiency, as defined by the ratio of the declared SECs.

The target is achieved if  

((SECN * tN)  <= ((SECn * tN)

or alternatively if

((SECN * tN)       <=
((SEC0  * tN)
((SECn * tN)

((SEC0 * tN)

Or in the case of sectors where SEC is used

((SECN * tN)       <=
       ( tN
((SECn * tN)

       ( tN

which in both cases are of course the same thing as ((SECN * tN)  <= ((SECn * tN)

This is a comparison of the sum of the target and actual SECs weighted by actual output.

4.1.3. Example 1 - Product Mix Calculations - 

Figure 1 below shows the method in the case of a company with three products A, B and C.  (Note that, in this example, the units of SEC are not specified, as they are not required.)  The data gathered by the company is

· 95 units of product A, using 500 units of energy are made in the base year.  The company anticipated making 90 units in the milestone year with an SEC of 4.5.  In fact 100 units are made using 440 units of energy.

· For product B, 105 units are made in the base year using 600 units of energy.  The company anticipated making 120 units in the milestone year with an SEC of 4.69.  In fact 100 units are made using 475 units of energy.  

· 120 units of product C, using 700 units of energy are made in the base year.  The company anticipated making 160 units in the milestone year with an SEC of 5.83.  In fact 140 units are made using 800 units of energy.

The first three sets of columns (B-D, E-G, H-J) indicate the process of establishing the target at the beginning if the agreement.  The reference position uses projected production data and base year SEC values.  The projected energy use (columns H-J) is based on the projected production levels and target SEC values.  

If products A, B and C are all similar and measured in the same units (eg tonnes), the target for the company could be expressed as total energy per unit product ie 1901/370 = 5.14 units energy/tonne product.

Alternatively, the target could be expressed as 1901 units of energy, assuming production of 90 units of A, 120 units of B, and 160 units of C.

Or it could be expressed as a ratio of projected energy to reference energy, ie 1901/2093  = 0.908.

For any milestone target, the actual energy used (K-M) are metered energy use and output.  The reference energy is based on actual output (ie those in column K) and the SEC values relevant to the base year (column G).

Again, if A, B and C were all in tonnes, then the actual performance would be 1715/340 = 5.04 units energy/tonne product, and the company would have met its target.

However, to calculate the sector target (see sections 7 and 9 below), or if A, B and C are not all in common units, it may be necessary to go through the rest of the adjustment procedure.

The revised target could then be expressed as 1735 units energy (column R), using the actual production levels in column K and the target SECs in column J.  The actual outturn was 1715 units energy so the target was met.

Alternatively, the revised target could be expressed as ‘revised target energy’ divided by  ‘revised reference energy’, ie 1735/1914 = 0.906.

The performance to compare against the target is ‘actual energy’ divided by ‘revised reference energy’, ie 1715/1914 = 0.896.

If this approach is adopted, the participant should keep a separate copy of the spreadsheet for each target period.  Such information may also need to be lodged with the relevant sector association.

Figure 1
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its target.


4.2. Correction for the variation in energy intensity with output

The following procedure is proposed as a generic model for participants who wish to include an output level efficiency clause in their underlying agreements.  The procedure adjusts the SEC for a given output.

Assume that energy consumption by a facility comprises fixed and variable elements.  

If E is the energy used to produce output t (could be tonnes, measures of length, area etc) then

E  =  a*t + b

where a and b are constants specific to the facility.  The derivation of such relationships is considered in section 3.

Many companies have found that examples from their businesses fit such a relationship, but in principle another relationship could be substituted.

However, given this linear relationship, it follows that:

SEC  =  E/t  = a + b/t

SECx, the SEC associated with output tx is

SECx  = a + b/tx

and SECy, the SEC associated with output ty is

SECy  = a + b/ty
The relationship between SECs becomes

SECy – SECx = a + b/ty – (a + b/tx)
or

SECy  =  SECx + b*(1/ty - 1/tx)

The computation should be in primary energy terms.  Such an expression for the variation of SEC with plant throughput level would need to be developed for each product at the outset of the agreement.

For example, if a company had projected its output to be tn and it actually turned out to be tN, the revised SEC, ie SEC(n, becomes 

SEC(n .= SECn + b*(1/tN - 1/tn)

Similar considerations apply when evaluating the reference energy at the start of the agreement, ie the reference SEC may need to be recalculated if the base year output and projected outputs are not the same.

4.2.1. Example 2 - Adjustment of SEC for output 

A plant has an SEC of 5.26 when producing 95 units of a particular product.  The constant b for the plant is 200.  For a throughput of 100 units the SEC is calculated to be 5.15.  

By using SECy .= SECx + b*(1/ty - 1/tx):

· An SEC of 5.26 at a production of 95 units of product becomes 5.38 for a throughput of 90 units.  

· An SEC of 4.5 at a production of 90 units of product becomes 4.28 for a throughput of 100 units

4.3. The application of product mix, output correction and other corrections

In this section we deal with a general method for correcting for both product mix and output variations.  In these cases, three SEC values need to be corrected for output before being used in the product mix calculation.  These are:

· the base year reference SEC,

· the SEC used to calculate the reference energy in the target year,

· the SEC used in evaluating the revised target.

This is illustrated in Example 3.

In a similar way, if another correction term other than output were to be agreed with DEFRA, this would be applied to the SEC before use in the product mix calculation.  Examples of other corrections terms are moisture content of feedstock, and degree days.

4.3.1. Example 3 – use of output correction to SEC

The company in example 1 wishes to apply an output correction in addition to a product mix correction.  It chooses to apply the output correction to product A only.  This is shown in Figure 2 below.  The product mix variations are as in example 1, with the SEC changes reflecting output variation as in example 2.  Thus example 3 shows the effect of combining examples 1 and 2.

This example works exactly the same as example 1, shown in figure 1 and described above.  The only difference is that three numbers have changed to reflect the output correction, all relating to product A.

Firstly, the base year reference SEC has changed to reflect a production change from an actual base year output of 95 to a projected output in the target year of 90 (Column G).  The SEC has changed from 5.26 to 5.38.

Secondly, the SEC used to calculate the reference energy in the target year has changed to reflect a production change from the projected 90 to an actual of 100 (Column P).  The SEC has changed from 5.26 to 5.15.

Finally, the SEC used in evaluating the revised target has changed to reflect a production change from 90 to 100 (Column S).  The SEC has changed from 4.5 to 4.28.

Again, in this example, if A, B and C are all in common units, the company would have met its target without any adjustment.  However, the company would have failed the adjusted target (1715 units of energy) as its adjusted target was 1713 units of energy.  This would have an effect on the performance of the sector if there was a requirement to adjust the sector target, or would affect the performance of the company if it was necessary to adjust the company target because A, B and C were not in common units.

Figure 3
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ie because 1715 is greater than 1713 the company would 

not have met its target.  However, at a participant level 

the original, higher energy target (1901) would still apply 

and the company would be recertified.  See text for 

details.


4.4. An example for a single product company

Assuming the company is represented by the data in section 3.1.1 and supposing, in the base year, the company has an output of 70 units.

Therefore the energy use is 2 * 70 + 70 = 210 units, ie an SEC of 3.

The company agrees a target of a reduction to an SEC of 2.9 for the first milestone.  It also agrees a PMO procedure and has recorded that the base year throughput was 70 and the target also based on 70 units.

If during the milestone year, the throughput is 70 units and the energy used is less than 70 * 2.9 = 203 units, then the company will be recertified.  No PMO correction is required.

If the throughput dropped to 50 units then, applying the process described in section 4.2, the revised target would be

SEC = 2.9 + 70 * ((1/50)- (1/70)) = 3.3

Therefore if the company’s energy use was lower than 50 * 3.3 = 165, it would be recertified.

Future Energy Solutions (FES – formerly ETSU) acknowledges the considerable input of Ray Gluckman of Enviros and of the CIA in the development of this paper.
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Annex A

CLIMATE CHANGE AGREEMENTS

NOTIFICATION OF PRODUCT MIX AND THROUGHPUT PROCEDURES
The purpose of this form is to advise DEFRA of the procedures that will be applied if your facility wishes to invoke product mix and/or throughput (output) methodologies (PMO).  Whilst the procedures must be agreed in advance with DEFRA, the use of this form is not mandatory.  The form should be sent, preferably by email, simultaneously to DEFRA and FES via your Sector Association. When agreed, a copy will be returned to you via your Sector Association and should be retained for the duration of your agreement.   Rows 1 to 5 are required information.  You are strongly encouraged to complete the remaining sections as confirmation of the viability of your procedures.  Such detail may also be required for audit purposes.

The text below in italics is illustration or guidance only and should be deleted before submission
1.
Company Name

Address

Post Code


2.
Contact Name.

Phone number.

Email. 


3.
Sector


4.
Facility Number


5.
Description of PM/PO Methodology
If using a DEFRA generic approach or a Sector Association agreed generic, please give the paper/ method reference or attach a copy of the procedure.

If you propose a variant or a different method, please provide a complete description of the method



6.
Product Groups


Describe principles of product group selection.

Schedule of product groups with associated SECs.



7.
Facility specific features.
Eg specific corrections, parameters for equations.



8.
Example
Use actual base year data and example data for milestone year. 

(show calculations or attach spreadsheet)



9.
References to backup data.


List and attach relevant trend graphs, historical data etc to justify choice of parameters.
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Figure 4.  Example of Relationship of Gas to Production
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