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Disclaimer

Extracts of this report may not be reproduced distebuted without the written
permission of NERA, and NERA accepts no liabilithatsoever for the actions of
third parties in this respect. This report may b@tsold without the written consent
of NERA. This report is intended to be read aneduss a whole and not in parts.
Separation or alteration of any section or pagmftiee main body of this report is
expressly forbidden and invalidates this report.

All opinions, advice and materials provided by NER# included, reflected or
summarized herein as the “NERA Content”. Therenarthird party beneficiaries with
respect to the NERA Content, and NERA disclaimsamy all liability to any third
party. In particular, NERA shall not have any ligito any third party in respect of
the NERA Content or any actions taken or decisioade as a consequence of the
results, advice or recommendations set forth herein

The NERA Content does not represent investmentadwi provide an opinion
regarding the fairness of any transaction to amyahparties. The opinions
expressed in the NERA Content are valid only ferplirpose stated herein and as of
the date hereof. Information furnished by othepgruwhich all or portions of the
NERA Content are based, is believed to be relibbtehas not been verified. No
warranty is given as to the accuracy of such inegrom. Public information and
industry and statistical data are from sources NER&mSs to be reliable; however,
NERA makes no representation as to the accuracgrapleteness of such
information and has accepted the information witHarther verification. No
responsibility is taken for changes in market cbads or laws or regulations and no
obligation is assumed to revise NERA Content tteotfchanges, events or
conditions, which occur subsequent to the datedfiere
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Introduction

Executive Summary

NERA Economic Consulting (NERA) was commissioned.li§ Power Networks (UKPN)

to estimate the real price effects (RPEs) and dgdamprovement in productivity (“ongoing
efficiency”) to inform UKPN'’s well-justified busires plan. This report sets out our
estimates of both future RPEs and future produgtiyiowth, drawing principally on

publicly available information. Applying theseeatto base year costs would allow UKPN to
recover its efficient costs and ensure value-foneyofor network customers.

Estimating Real Price Effects

Our approach to estimating RPEs follows Ofgem’sraggh at RIIO-T1/GD1 in so far as we
draw on independent, publicly available forecastsriput prices where available, and
otherwise rely on long-term historical averagese Méasured real price movements relative
to RPI. Our estimates of RPEs are therefore agpleconly if UKPN's future revenues are
also indexed to RPI. If Ofgem decides to use R&{any inflation index other than RPI) in
the price control formula, we would need to reraate RPEs relative to that other inflation
index.

As required by Ofgem, we also set out separate RBtEeur categories of inputs: (1) labour;
(2) materials; (3) equipment and plant; and (4)gport and other. We reviewed a wide set
of input price series and evaluated the candidaiesaccording to three criteria:

= Coverage:We considered of how closely the series measurasges in costs close to
the input categories identified by Ofgem (or subgaties within those categories of
inputs).

= Empirical Fit : We compared whether the index matched recendsranUKPN'’s input
prices where suitable data was available.

= |nformation Value : We examined whether each series consisted ofla sample or a
long data series.

Applying these criteria, we identified a shortliétindices for each category or subcategory
of inputs. Where possible, we produced short-temacasts for 2013/14 and 2014/15 and a
long-term forecast for the 8-year RIIO price cohperiod 2015/16-2022/23 (“2015-2023").

For our long-term forecasts, our central or midapdorecast is based on the average
historical RPE for all the indices that meet outecia. We identified an upper and lower
bound based on the fastest-growing and slowestiggpindex for each input category.

RPEs for labour

In relation to short-term forecasts of real wagesjdentified two relevant independent
short-term forecasts:

1 Ofgem (2012)Strategy Consultation for RIIO-EDpages 84-85.
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Introduction

= HM Treasury (“HMT”) provides a short-term “consesdorecast” for average weekly
earnings in the whole economy.

» The Joint Industry Board (JIB) forecasts providaaxy for labour market conditions in
the electricity (contracting) industry.

At present, the JIB forecasts predict lower reajevgrowth in the short term than the HMT
Consensus forecasts.

For long-term forecasts, we identified two relevimmty run wage series:

» the BEAMA electrical labour index (BEAMA); and

= the ONS series of Average Weekly Earnings (AWBh# private sector, which replaced
the Average Earnings Index (AEI) in 2000. In oalcalations, we treated the growth
rate in the AWE as a continuation of the growtle iatthe AEI.

To calculate RPEs, we converted all these sertes@al terms, i.e. we calculated growth
rates relative to RPI.

For short-term forecasting, the HMT consensus fistbas to be adjusted, as it covers the
whole economy, whereas the long-term ONS seriesregust the private sector and is more
relevant to DNOs. To calculate the adjustmentcaleulated the historical difference
between the ONS’s average weekly earnings ifidethe whole econonmgnd one of the
following:

= either the BEAMA electrical labour index;

» Or a“composite index”, i.e. an average of the BERABlectrical labour index and the
ONS indexof private sector wages

We then added each of these differences to the BBITsensus forecast to provide separate
upper bound (BEAMA) and mid-point (composite indskprt-term forecasts consistent with
the long-term forecasts. We used the JIB ratesia®wer bound for the short term forecast.

For long-term forecasts, we use the historical lnmgaverage rate of growth for the two
wage series, BEAMA and ONS private sector, relaivBPI. The historical trends in the
“composite index” (the average of these two seg@®s real wage growth of 1.3% p.a., with
a range running from 0.8% (ONS private sector otdy).8% (BEAMA electrical labour
only). See Table 1.

Table 1
Labour RPEs (Percent per Annum)

Outturn Short Term (ST) l.ong Term  Average
Labour RPE 2012/13  2013/14  2014/15  2015-2023 2013-2023
NERA Mid-Point -1.1% -0.5% -0.3% 1.3% 0.8%
Upper Bound -1.1% -0.1% 0.1% 1.8% 1.2%
Lower Bound -1.2% -1.4% -1.0% 0.8% 0.3%

Source: NERA analysis.
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RPEs for materials

For materials RPEs, we did not calculate a sepatatg-term forecast for 2014 and 2015, as
no relevant independent forecasts are availalnistedd, we calculated long run historical
RPEs for the principal cost categories, drawingeerage historical RPEs relative to RPI for
the following Producer Price Index (PPI) series:

= Transformers and switchgear (comprising 30% of neecosts): “Electric Motors,
Generators and Transformers” and “Electricity Disttion and Control Apparatus”;

= Cables (25%): “Insulated Wire and Cables” and “Cotdwn Products”; and,
= Other (45%): “RCI Infrastructure Materials”.

Overall, we estimated a long term trend RPE of 1vi§ich we used as the basis for our
forecasts. To construct a range, we selectedtbalfastest growing series in each sub-
category for the upper bound (which gave a trenfl BP1.2%), and the slowest growing
series in each sub-category for the lower bounddfwbave a trend RPE of 0.7%). See
Table 2.

Table 2
Materials RPEs (Percent per Annum)

Outturn Short Term (ST) l.ong Term  Average
Material RPEs 2012/13 2013/14 2014/15 2015-2023  2013-202 3
NERA Mid-Point -2.0% 1.0% 1.0% 1.0% 0.7%
Upper Bound -1.6% 1.2% 1.2% 1.2% 1.0%
Lower Bound -2.3% 0.7% 0.7% 0.7% 0.5%

Source: NERA analysis.
RPEs for equipment and plant

For equipment and plant RPEs, we used the PAFI RoddPlant Vehicle index supplied by
BCIS, and two PPIs for Machinery and Equipmentifisg@nd outputs). From these indices,
we estimated a long term trendroinus0.6%, relative to RPI. To put bounds on this
estimate, we considered just the fastest growingséor the upper bound, which gave a
trend RPE ominus0.2%, and the slowest growing series for the Idweamd, which gave a
trend RPE ofminusl1.5%. See Table 3.

Table 3
Equipment and Plant RPEs (Percent per Annum)

Outturn Short Term (ST) l.ong Term  Average
Equipment RPEs 2012/13 2013/14 2014/15 2015 - 2023 2013- 2023
NERA Mid-Point -2.6% -0.6% -0.6% -0.6% -0.8%
Upper Bound -1.9% -0.2% -0.2% -0.2% -0.4%
Lower Bound -3.7% -1.5% -1.5% -1.5% -1.7%

Source: NERA analysis.
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We found no evidence that the growth in transpodt @ther costs was significantly different
to RPI, so we assigned these categories an RP®%®.of 0

RPEs by category of DNO expenditure

We calculated input prices for the expenditure gaties of (1) network investment and (2)
operational activities by weighting our forecastB3Pbased on a forecast cost structure from
2014 to 2023 that UKPN provided. These estimateset out in Table 4.

Table 4
RPEs by Category of Expenditure (Percent per Annum)

Average
2012/13 2013/14 2014/15 2015 - 2023 2013 - 2023

Operational Activities

Upper -1.1% 0.0% 0.2% 1.6% 1.1%
Mid -1.1% -0.3% -0.1% 1.2% 0.7%
Lower -1.2% -1.1% -0.8% 0.8% 0.3%
Network Investment

Upper -1.2% 0.1% 0.3% 1.4% 0.9%
Mid -1.3% -0.2% 0.0% 1.0% 0.6%
Lower -1.5% -0.9% -0.6% 0.6% 0.1%

Source: NERA Analysis of ONS and BEAMA data, using UKPN cost weights.
Estimating Improvements in Productivity (“Ongoing Efficiency”)

As with RPESs, our approach to estimating ongoirfigiehcy follows the framework set out
by Ofgem in its recent strategy decision docunfepecifically, we use historical trends in
productivity observed in the EU KLEMS databasewdng on the comparator sectors
identified by Ofgem at DPCRS5 and at RIIO-(E)T1 elevant to electricity networks.

Total Factor Productivity (TFP) growth is measuasd1) the long-run average annual
growth rate in physical outputsinus(2) the long-run annual average growth rate inspa}
inputs.Calculation of TFP raises a number of importanbthcal and data measurement
issues, many of which are highlighted in the offiguidance to using EU KLEMS.
Specifically, TFP not only measures technologitenge but also captures the effect of
average movements to/from the frontier, economiesale, variations in capacity utilisation,
and measurement errorEor the reasons we set out below, TFP measureisinvay has

also been described as the “residual” or the “Mesment of Our Ignorancé”.

The data issues imply that we should not place &g productivity estimates for narrowly
defined sectors or for short periods. Instead wstrase long-term trends in the average for
widely drawn comparator sectors (i.e. average®RCR5 comparator sectors) and the

Ofgem (2013) Strategy decisions for the RIIO1Eectricity distribution price control: Tools foost assessment,
chapter 4.

OECD (2001) Measuring Productivity, Measuremdraggregate and industry level productivity grow@CD
manual. Available on-linenttp://www.oecd.org/std/productivity-stats/23524%8.

Jorgenson, D.W. and Griliches, Z. (1967) The axation of productivity change, Review of Econo®tadies, vol. 34
(3) p. 249.
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Introduction

whole economy. We show below that the productikétsults for our proposed productivity
measures are not very sensitive to the time pesetetted.

In terms of productivity measures, we discuss wéretve should draw on gross output (GO)
or value-added (VA) measures of productivity. Meas of GO TFP and GO PFP (Patrtial
Factor Productivity) are consistent with Ofgem’seimded application of productivity growth
estimates to all factors of production when settivgfinal price for DNOSs’ gross output.

We therefore use the GO measures in the EU KLEM&bdae. Specifically, we draw on
GO TFP productivity estimates as our estimate fegoing productivity for the “network
investment” expenditure category, and GO PFP toola, energy, materials and services
(“LEMS”) for the “operational activities” expenditel category.

Table 5 sets out the mid-point and range of esémfidr the two expenditure categories
drawn from the relevant long-term measures of Gadlpctivity growth for DPCR5
comparator sectors and for the whole economy, #dsaw@®fgem’s decision for NGET at
RIIO-(E)T1.

Ofgem’s mid-point estimates of productivity grovéte higher than our mid-point estimates,
primarily because Ofgem included VA TFP as welG#3 TFP within the range used to
provide conclusions for RIIO-T1. (Ofgem also cifeeP and PFP estimates set out in
network companies’ business plans.) Estimatesfoff#P are systematically higher than
estimates of GO TFP, due to differences in thdiind®n. However, Ofgem noted that VA
measures may not be well-suited to its intendedqse.

Table 5
Productivity Estimates (Percent per Annum)

Ongoing Efficiency Estimate Dperational Activities Ne twork Investment
NERA Mid-Point 0.7% 0.6%
NERA Upper Bound 1.1% 0.8%
NERA Lower Bound 0.4% 0.4%
Ofgem RIIO-T1/GD1 1.0% 0.7%

Source: NERA analysis.
Change in Unit Costs: RPEs Net of Productivity Growh

Table 6 sets out our estimates of the net effeRRIEs (raising real prices) and productivity
growth (reducing real prices) for the period 20022

NERA Economic Consulting 5
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Table 6
Combined Effect of RPEs and Productivity Growth,
by Category of Expenditure (Percent per Annum)

Average 2013-2023 RPE Efficiency Net Effect
Operational Activities

Mid-Range 0.7% 0.7% 0.0%
Upper Bound 1.1% 0.4% 0.7%
Lower Bound 0.3% 1.1% -0.8%
Network Investment

Mid-Range 0.6% 0.6% -0.1%
Upper Bound 0.9% 0.4% 0.5%
Lower Bound 0.1% 0.8% -0.7%

Source: NERA analysis.

We cross-checked our estimates of the combinedtedfeRPESs and productivity growth
against long run changes in units costs, using EBMS and COPI data. The combination
of RPEs and productivity growth needs to satisfy thhoss-check, or else the estimates of
RPEs and/or productivity growth need to be re-atergid. For both operational activities
and network investment, we found that, our estis&# within the range of historical
changes in unit costs in comparator sectors, amightisfy this cross-check.

NERA Economic Consulting 6
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1. Introduction

In a price or revenue cap regime where allowedmess are indexed by the change in a
general price index minus an efficiency term “X3,allow a regulated entity to recover its
costs, X has to be set to allow for the changeahinput prices faced by the firm net of the
expected improvement in its total factor produtyiyirFP). We briefly derive this result
below, and then describe the objective and straatéithis report.

1.1. Defining X

As set out in equation (1), to enable a regulatgityeto recover its costs, the chandg in
the output prices or average revendR) of firm j should equal the change in its inptitps
( AIP) minus the change in its total factor produtyigrowth ATFP)?

AR; = AIP, = ATFP, 1)

Under an RPI-X regime, the change in allowed reegAR) is set equal to the change in a
general price inflatorARPI) and an efficiency factor X:

AR; = ARPI - X, (2)
By combining equations (1) and (2) and re-arranggmms® we can show that:
- X, =[AIP; - ARPI] - ATFP, (3)

The first term on the right-hand side of equati8hi¢ referred to by Ofgem as the real price
effect (RPE). For the second term, TFP, Ofgem tieegerm “ongoing efficiency” and we
use the Ofgem term for the sake of consistency.

1.2. Objective and Structure of This Report

Ofgem requires each electricity distribution netkvowner (DNO) to submit its assumptions
about expected RPEs and ongoing efficiency ovecdmérol period as part of its business
plan submission for RIIO-ED1.UK Power Networks asked NERA to calculate RPES an
ongoing productivity improvements for inclusionit® business plan.

This report proceeds as follows:

As explained below, we carried out our calculadiafter converting indices into log values, megrirat the
subtraction described in equation (1), e.g., cpoeds to the following equation:
(Rate of change in revenue) = (1+ tripnice inflation)/(1+TFP growth) -1.

6 For a more detailed derivation see: NERA (200 Line in the Sand: The Shifting Boundary Betwitarkets and
Regulation in Network Industries, ChapteiBhjsive Efficiency and the X factor in IncentivegRation: The Torngvist
v. DEA/Malmquist Dispute

7 Ofgem (2013), Strategy decisions for the RIIO-Eddctricity distribution price control Tools foost assessment,
Supplementary Annex to RIIO-ED1 Overview Paperg(28), 04 March 2013, page 19,

NERA Economic Consulting 7
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= Chapter2 sets out our methodology for calculating RPEsS;
= Chapter3 provides our recommended RPEs for UKPN'’s busipkss

= Chapterd calculates the long-run productivity improvemigely to be experienced by
DNOs; and

= Chapter5 concludes.
We provide further details on the precise dataraathods used in Appendices A to C.

Our analysis suggests that RPEs for UKPN will bsitp@ over the RIIO-ED1 price control,
as its input prices grow more quickly than RPI.t@& other hand, long run trends suggest
that electricity distribution networks are likely €xperience an increase in productivity
which will reduce their costs over time. After camibg these offsetting trends, our analysis
suggests that the expected change in the costbfurat of output will beminus0.3% per
annum for opex anchinus0.1% per annum for capex in real terms.

NERA Economic Consulting 8



Approach to Estimating Real Price Effects

2. Approach to Estimating Real Price Effects

Real Price Effects (RPEs) capture the different¢evéen changes in the general retail price
index (RPI) and changes in the DNOs’ own costse@fgalculates separate RPEs for opex
and capex in order to adjust DNOs’ allowed revenaeasflect the relative inflation in
different elements of their cost©ur approach to estimating RPEs is similar to @fgeat
RIIO-T1/GD1; we use objective forecasts for thershan (where available), and the trend
rate of relative price inflation for the long rue reviewed a wide range of publicly
available series in order to select the most affectata for forecasting the RPEs likely to be
experienced by the DNOs. We weighted the RPEsfyt cost categories to identify
separate RPEs for the DNOs’ maixpenditurecategories, capex and opex.

= Section2.1 defines RPEs and explains their role in regaiah Great Britain;

= Section2.2 explains our approach to calculating RPEs ulirgcast data and historical
trends;

= Section2.3 summarises how we selected the data and cidulze RPEs for five input
categories to make best use of available informadimout the likely future evolution of
DNOs’ input prices;

= Section2.5 explains how we weighted the RPEs for each@hput categories to
convert them into RPEs fexpenditurecategories, i.e. opex and capex.

2.1. Background on Real Price Effects in RIIO-ED1

Ofgem links the allowed revenues of the electridistribution networks to retail prices in
the wider economy. However, DNOs do not procurestirae basket of goods as consumers
in retail markets. As a result, DNOs’ input priceay evolve differently over time from
general retail price inflation. Ofgem thereforguasts DNOSs’ revenue allowances to allow
them to recover their actual or expected costRII@-ED1, as in DPCR5 and RIIO-T1/GD1,
Ofgem intends to adjust base revenues in ordeadodunt for this differential between RPI
inflation and expected input price inflatioh”Specifically, Ofgem will calculate Real Price
Effects (RPEs) by the following formula:

RPE = Input Price InflatiominusRetail Price Inflation

As part of its strategy consultation for RIIO-EDROfgem explained that it proposed to
calculate RPEs based on a methodology for eadiedbtlowing categories of inputs
(following the approach it adopted in RIIO-T1/GDY):

= Labour;

=  Materials;

At RIIO-GD1, Ofgem also calculated RPEs for regax we understand that it will only calculate wp&d capex for
RIIO-ED1

Ofgem (2012)Strategy consultation for the RIIO-ED1 electriailigtribution price control Tools for cost assesstmen
Supplementary annex to RIIO-ED1 overview papage 84, para 11.7

10 Ofgem (2012)Strategy Consultation for RIIO-EDpages 84-85.

NERA Economic Consulting 9
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= Equipment and plant; and
= Transport and Other.

In RIIO-T1/GD1, Ofgem also combined the RPEs farteaf these categories imiputsinto
RPEs for categories ekpenditurebased on the weights of each input in each cagegfor
expendituré? We presume that Ofgem will also calculate RPEskpenditure categories in
RIIO-ED1.

2.2. Our Approach to Calculating RPEs

Market-based forecasts of input price inflation étectricity distribution business are not
available for the coming eight-year price contretipd. Supply and demand models to
calculate the resulting prices for labour and malewould be complex and would require a
large number of assumptions. In practice, theegfi@gulators in the UK use less subjective
approaches to estimate RPESs, relying on a combmafipublished forecasts and historical
trends:

= Published forecasts for more general sectors océ¢bh@omy, such as market forecasts of
wages and/or commodities, reflect likely future mipas in the economy as a whole, but
may not reflect trends in the electricity sectoeafically. Such forecasts are rarely
available for the long term, even for general isput

= Historical trends in the difference between inpitginflation and retail price inflation
can be used to predict these trends into the fulistorical trends in input price inflation
for electricity distribution are directly relevatat the electricity sector. They are only
suitable for predicting future prices to the extiwatt the future is similar to the past.
However, evidence from economic literature suggehstseconomies (and by extension
the real prices of factors of production such asils and materials) exhibit stable trend
rates of growth in the long run.

Using published forecasts and long run historieaids is consistent with regulatory
precedent in the UK. Regulators of the energy, meate transport sectors use historical
trends and forecast data to set allowances aftauating for input price inflation® To

assess RPEs in RIIO-T1/GD1 and previous price otmt©fgem reviewed a combination of
forecast and historical data. We used forecastdangdrun historical trends to estimate RPEs

1 For the GDNs, Ofgem used a notional weightingah input category in each expenditure categanytte
Transmission Companies, Ofgem used the weightimgtsetach company submitted as part of its busipless

12 Under the Solow growth model, wages in an econonsyeady-state with constant capital per uniabbur will grow
at a rate equal to the (constant) growth in matdaimur productivity. Returns to capital inputsi¢h as plant,
equipment and machinery) similarly grow at a comstate based on their marginal productivity. Thedpictivity of
labour and capital inputs are driver by exogeneahrical progress over the long term. A discusefdhe findings on
economic growth and productivity can be found iample (1999), “The new growth evidenc@burnal of Economic
Literature, page 112-156. The relevance of the Solow Modehasxplanation of economic growth is explained in:
Mankiw, Romer and Weil (1992), “A Contribution teet Empirics of Economic GrowthQuarterly Journal of
EconomicsJones (1995) observes that the empirical evidentt&at income exhibits a trend rate of growtliames
(1995), “Time Series Tests of Endogenous Growth d&idQuarterly Journal of Economics.

13 See for example Ofwat (2008), Setting price kmiir 2010-15: Framework and approach, March 266@ton 5.4.
and Competition Commission, Heathrow / Gatwick quiennial review: Final report, Competition Comnissi3
October 2007, Appendix D para. 166-168.

NERA Economic Consulting 10
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for EDF Energy’s networks at DPCR5 and we havetfedid the same approach again in this
report.

2.3. Methodological Overview

Our approach relies on identifying and selectimgdast and historical series which reflect
the likely evolution of the costs of electricitystiibution networks over the next regulatory
period (RIIO-ED1) as closely as possible. Proprieteries are available for measuring and
forecasting the evolution of costs faced by eleityridistribution businesses. Although
relevant to the industry, however, proprietary éaigs run the risk of being non-transparent,
with assumptions and methodologies that are natedntlear and with values which cannot
be subjected to regulatory scrutiny by Ofgem. Aeslt, when calculating RPESs, we only
investigated potentially suitable data that wash@public domain, including data sources
that Ofgem has relied upon in the past.

We evaluated each candidate series based on towifuj three criteria:

= Coverage:We evaluated whether an index (or combinatiomdices) is intended to
measure the evolution of costs for a category peagliture close to the categories
identified by Ofgem. For example, an index measythe prices of transformers and
switchgear covers the costs of electricity distiitou companies more closely than a
general manufacturing index or economy wide matennex.

= Empirical Fit: We compared whether the index matched recentdriendKPN'’s input
prices where suitable data was available. Ourfeegtmpirical fit included reviewing the
evolution of the series over time as well as thamlevel of growth.

» Information Value: We examined whether each series added informatitinetaverage.
Data from longer time series and series constructed a larger sample of items are less
likely to be distorted by anomalous data pointshsas the business cycle effects or
individual procurement contracts. Where data sesiere only available for a short
period of time and had small survey sample sizescansidered excluding the data.
Similarly, we considered excluding series whichle®d similarly to other series which
closely matched the costs of the DNOs, as theydaddenew information.

By applying these criteria, we identified the senehich provide the most objective and
reliable evidence for calculating RPEs. We presiemtiverage indices we considered for our
final comparison in chapt& and describe our evaluation of each series aghegriteria

listed above irAppendix A, below.

Our approach required us to calculate average oag®owth for different input price indices
which were available for different periods of tinhe.each case, we estimated historical
trends over the longest time period for which eladex was available.

In selecting forecast data series, we considergdatnective market-based forecasts, such as
the observed prices of traded commodities, andtagfrigovernment sources, such as the
HM Treasury consensus forecasts based on market&tns of wage inflation. Our
analysis took account of forecast data where soidtésts: (1) were objective, transparent
and from a reputable source or market-based; gnor¢2ided compelling evidence about the
evolution of input prices for electricity distribanh networks (i.e. they were closely related to
DNOs’ costs). Where forecasts of DNO input priasese not available directly, we

NERA Economic Consulting 11
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considered forecasts of related inputs and madedjugtments necessary to convert a
forecast of one input into a forecast price forthaoinput.

No market-based forecasts are available more tharot three years ahead, so for longer
term forecasts we assumed that RPESs revert toltdmgrrun historical trend. Our approach to
combining short term forecasts and long term trexsdsimes that RPEs converge on the long
run trend rate of growth by the end date of thetdleom forecast, i.e. that short term
forecasts are required — and are therefore produoedy for periods when RPEs are
expected to deviate from the long term trend. treoto test our results for sensitivity to this
assumption, we also provide RPEs which revert imately to the long term trend and

ignore short term forecasts.

2.4. Definitions of Input Costs
Ofgem listed four input cost categories in its &gy Decision for RIIO-ED1:

= Labour;
=  Materials;
» Plant & Equipment;

= Transport and other.

Ofgem does not define these cost categories Btitggegy Consultation, or in its Strategy
Decision for RIIO-EDL1, or in the Initial or Finatéposals for RIIO-T1/GD1. We were
unable to find standard definitions of Ofgem’s ihpast categories in accounting, business
or economics textbooks. These cost definitionglaeefore slightly ambiguous. For
instance, in the case of an electricity distribotn@twork, a transformer or cable could either
be regarded asquipmenfor the purposes of delivering electricityroaterialsfor the
purposes of building or maintaining a network.

In the absence of any concrete definition of thpitrcost categories, we inferred Ofgem’s
intended definitions from its work at RIIO-T1/GDw/e used two key pieces of evidence to
define the split between equipment and materials:

= Inits Initial Proposals at RIIO-T1/GD1, Ofgem posgd using PPIs measuring the costs
of equipment and machinery to calculataterialsRPEs**

= Ofgem published input shares for each of the igptegories for a notional GDN (see
Table2.1, below). The share efjuipmentosts in capex is 4%, which appears low if
Ofgem intends equipment to include compressorostat@nd pipelines (the gas sector
equivalent of transformers and wires in the eleitjrisector).

We have therefore assumed that Ofgem’s input @isgories have the following meanings:

= Labour - the full cost of wages for electricitytdisution companies’ staff, including
bonuses, but excluding taxes on the employer ansi@e contributions.

14 For example, Ofgem reviews two series entitlelb&Eicity distribution and control apparatus” di\achinery” as

candidate series to measure RPEs for materials.®s¢ Ofgem (27 July 2012) RIIO-T1/GD1.: Initiabposals — Real
price effects and ongoing efficiency appendix, p.11
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= Materials — physical goods used in the manufacdndemaintenance of the electricity
distribution network that become fixed assets asqgiahe network or are used up in
maintaining the network’ These cost items include cables, transformersckgéar and
building materials such as aggregates.

= Equipment — machinery that distribution networks tesconstruct, maintain and repair
the network!® Equipment falling within this definition includésols, drills and vehicles
such as vans or construction vehicles.

= Transport and other — fuel necessary for transuprtiaterials and staff and other costs.

If Ofgem intended to apply different definitionketprincipal effect would be to reclassify
the series we have chosen from one category ohelipee to another. Our conclusions
would remain largely unchanged on average.

2.5. Calculating RPEs for Opex and Capex

In RIIO-T1/GD1, Ofgem converted its estimated RRESDNOS’ inputs(labour, materials
etc.) into RPEs for three categoriese@penditurgopex, capex and repex). Ofgem
calculated RPEs for categories of expenditure kyngpa weighted average of the RPEs for
input categories, where the weights reflected kia@esof each input in the category of
expenditure:

» For the transmission companies (NGG, NGET, SHETA @RT), Ofgem used the input
cost shares of opex and capex reported by the auegpm order to calculate RPEs for
expenditure categories; and

» In the case of the Gas Distribution Networks, Ofgamnployed a notional structure for
opex, capex anepex a category of costs that only applies to GDNs.

We asked UKPN to provide data on its own expecdhedes of input costs for each category
of expenditure over RIIO-ED1. We used the data idexy to us by UKPN, for the period
2014 to 2023, to calculate the weighted average feP&vo categories of expenditure: opex
and capex. See Talffel below.

15 See for example online definitions of materialgeneral at www.ventureline.com/. “MATERIALS gbysical goods

(and their cost) used in the manufacture of a prdiften separated into DIRECT MATERIAL (that whigoes
directly into the product such as cream into iaam, or steel into cars) and INDIRECT MATERIAL (thehich is
used in maintaining the manufacturing environmeschsas cleaning fluids or oil for lubrication of mdacturing
equipment). Indirect materials are usually parthef overhead component of cost. The term matevian used
without the direct or indirect qualifier, usuallgfers to direct materials.”

16 See for example online definitions of equipmengéneral at www.ventureline.com. “EQUIPMENT isgeally

determined by the meeting of three tests: a. Haquisition cost that is equal to or more thancibet hurdle for
classifying capitalized assets. Includes: Invoic®ant, sales tax, freight costs, installation caststs for the initial
complement of supplies needed to place the agsesénvice, accessory and auxiliary apparatus sacgso make it
usable for the purpose for which it was acquiredsltrade or trade in discounts and/or educatallmbances
Excludes: Federal Excise tax, duty, insurance, teaance and warranty costs; and, b. Has a usgffliwo or more
years If the item will not have a useful life of radhan two years it is considered expendable rafteren if it costs
more than the level for determining a capital ass&d, c. Is a stand-alone item. The item is nanpeently attached to
or integrated into a building or structure.”
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Table 2.1
UKPN'’s Forecast Cost Structure (2014-2023)

Expenditure Share

Labour 83% 65%
Materials 10% 20%
Equipment and Plant 0% 8%
Other 6% 7%

Source: NERA analysis

NERA Economic Consulting
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3. Calculation of Real Price Effects for Input Categories

Our approach to calculating RPEs consisted of vanig the available series according to our
criteria and selecting the most appropriate indioagflect the costs faced by DNOs.
Appendix A provides a detailed review of all of iheices that we identified as candidates.
This chapter summarises the results of that ingastin, and proceeds as follows:

= Section3.1 presents the results for labour;

= Section3.2 presents the results for materials;

= Section3.3 presents the results for plant/equipment;

= Section3.4 presents the results for transport and othetsgand

=  Section3.5 concludes.

Our analysis suggests that DNOs will experienceyhen RPE for labour over the course of
RIIO-ED1 than Ofgem assumed for the network comgmduring RIIO-T1/GD1. On the
other hand, our estimated RPEs for materials aaut pind equipment are lower than
Ofgem’s estimates for the transmission and gasldlision companies. We agree with
Ofgem that there is limited evidence for a non-ZRRE assumption for the “transport and
other” cost category.

3.1. Labour

Distribution companies employ a wide variety offfstiiom specialist electrical engineers
and construction workers through to managemenganunistrative staff. In its RIIO-ED1
Strategy Decision, Ofgem explained that the datél@ve to assess RPEs consisted of
indices measuring “wages for the general econondynaore specialist industries” This
section sets out the series we selected and a synofndie reasoning behind this selection
(see AppendiA.2, below, for a detailed evaluation of all of theries we considered).

3.1.1. Historical series

Our review revealed the two historical series firavide the strongest basis for estimating
labour RPEs, according to our criteria:

= Private Sector Average Weekly Earnings (AWE) indexpublished by the ONS since
2000, is a broad-based index based on a wide sofyayvate sector companies. This
index superseded the Average Earnings Index (Afeblished by the ONS until 2010,
which we append to AWE series to extend it intoghdaod before January 2000. Our
analysis showed that there was no systematic diftar between private sector wages in
general and wages in industries such as constrnydtensport, and engineering. A broad
index for private sector earnings is also a goacyfor the evolution of generalist staff.

= Electrical Labour Index, published by the British Electrotechnical andiedl
Manufacturers Association (BEAMA), consists of mdptdata beginning in 1970. This

17 Ofgem (2013)Strategy consultation for the RIIO-ED1 electriadigtribution price control Tools for cost assessimen

page 84, para 11.10.
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specialist index is more narrowly focused on thecsffit labour categories employed by
UKPN, including highly qualified electrical engimseand semi-skilled electrical labour.

Figure3.1 shows both of these series in real terms slaneary 1991. We have extended the
series of annual changes in AWE backwards in tiomflJanuary 2001 by appending annual
changes in the AEI. Over the period we studiedrages annual private sector wage growth
has been 0.83% per annum in real terms, with #naratal labour index growing by 1.75%
per annum in real terms, a difference of rough8f®per annum.

Our proposed measure of the long-run trend RPEeisibweighted average of the RPEs for
the private sector and for electrical labour. Tasrage is 1.3% per annum.

Figure 3.1
Labour RPEs (Electrical Labour and Private Sector W  ages)
Year on Year Rates of Change by Calendar Year
(Percent per Annum)
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Source: NERA Analysis of ONS and BEAMA Data'® AWE is used from January 2000, AEI for all
earlier years.

UKPN provided us with recent data on the proportdfull Time Equivalent (FTE) staff
attributed to “Direct Costs” and “Closely Associdtedirects and Business Support”. We
understand from UKPN that, as a rule, staff classeter “Direct Costs” are electrical
labourers, whilst other staff are general labdirect Costs” account for 53% of FTEs,
whilst other staff account for 47%. However, thpegportions change slightly over time.
Therefore, an unweighted average, which place®&\&8ight on the cost of electrical labour

18 Real growth calculated against RPI CHAW “All item
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and a 50% weight on the cost of general labow resasonable approximation to the cost of
the labour force employed by UKPN.

3.1.2. Forecast data

The primary market-based forecast we consultedldighed by HM Treasury, which
produces wage growth forecasts and predictiongh#whole economy for the next two
years, by surveying independent forecasts. Indtest available publication (February 2013),
the median forecasts were:

= In 2013: RPI inflation of 2.9% and wage growth d#%, leading to an RPE of -0.7%%.
= In 2014: RPI inflation of 3.0% and wage growth 8%, leading to an RPE of -0.5%.

A second source of market-based forecasts for wiaghe electricity sector was available
from the Joint Industry Board for the Electricalf®@cting Industry. The so-called “JIB
Rates” indicate the wage rates that a distributietwvork can expect to pay. “JIB rates” have
remained flat since 2010, but are due to rise mudey 2013 and 2014 by the following
amounts for a “Technician”:

» In 2013: a rise of 1.5% (real rise of -1.4% aftatsacting forecast RPI); and
= |n 2014: a rise of 2.0% (real rise of -1.0% aftaltsacting forecast RPfY:

We note that forecast growth in “JIB rates” is lowlan forecast growth for earnings in the
economy as a whole. We also note from our disonssvith UKPN that, in practice, wage
settlements do not always reflect the publisheesrafherefore, we propose to use the JIB
rates only to place a lower bound on our short temacast of real wage growth.

Our proposed central measure of labour RPEs fatrality distribution companies is a
composite index, calculated as the unweighted geeco&

= the BEAMA index of Electrical Labour costs; and

= the Average Weekly Earnings for the private se(tapplemented by earlier data on
Average Earnings Index for the private sector).

In practice, wages in the electricity industry haigen more quickly over time than in the
economy as a whole. Since 2000, the BEAMA indegle€trical labour has grown by 1.5%
per annum more than Average Weekly Earnings irpthate sector, and by 1.4% per annum
more than Average Weekly Earnings in the whole eoon As a result, the short term (2013
and 2014) forecast RPEs for the whole economy woatde consistent with our forecasts
for the long run trend in growth of earnings fogatical labour.

19 HM Treasury (2013)orecasts for the UK Economy: A Comparison of iredefent forecasts;ebruary 2013, page 8.

20 HM Treasury (2013)-orecasts for the UK Economy: A Comparison of iredfefent forecasts;ebruary 2013, page 11.

2L http://www.jib.org.uk/

2 See http://www.jib.org.uk/handbook.aspx?cid=X®essed 28 February 2013. Percentages are repfie¢edafter

accounting for rounding hourly rates to whole nursbe
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We measured the average difference between (1) grageéh in the economy as a whole

and (2) labour costs for electricity distributioongpanies. We measured the latter as the
average of (2a) the BEAMA electrical labour indexig2b) Average Weekly Earnings in the
private sector. Over the longest period for whdela was available for all three of these
indices, the trend annual rate of growth in (1) wasiwverage 0.23 percentage points higher
than the trend annual rate of growth in{2)We therefore adjusted the forecast labour RPEs
for the whole economy to derive a forecast forgheate sector, by adding a premium of
0.23% per annum.

Our resulting forecasts for the labour RPE faceeélbgtricity distribution companies
were -0.5% in 2013 and -0.3% in 2014.

3.1.3. Range of Results

Our recommended labour RPEs consist of two cestetarios, bounded by high and low
estimates. See Talb®el below for a summary. The starting point for estimates are
estimates for the current year (2012/13) and lengp thistorical trends observed since 1990:

= RPEs for 2012/13The RPE for 2012/13 is the actual difference irreniryear growth
rates between RPI and a measure of wage inflation:

— Using our composite measure of real wage growtlelietricity distribution
companies (the unweighted average of earnings growthe private sector and in the
BEAMA electrical labour index), our central estimasminusl.1% per annurf?

— We define our upper bound by examining only grointthe BEAMA index, which
wasminusl1.1% in 2012/13 and has averaged 1.8% since 1990.

— We define our lower bound by examining only growvilthe Private Sector AWE and
AEI indices, which wasinus1.2% in 2012/13 and has averaged 0.8% since 1990.

= Long Term Trend RPESs: Using the long term historical trend in the sandides, we
derive long term forecasts:

— our central estimate is 1.3% per annum, the avetdfgrence observed since 1990
between our composite measure and RPI inflation;

— our upper bound is 1.8% per annum, the averagerdiite observed since 1990
between the BEAMA index and RPI inflation; and

— our lower bound is 0.8% per annum, the averagerdiffce observed since 1990
between the private sector AWE/AEI indices, and RRation.

We then defined two scenarios for the transiti@mfithe current values to the long term
trends:

2 January 2000 to November 2012.

24 Note, we extrapolate the RPE for 2012/13 to tideaf the financial year where a few months atethé of the financial

year were missing.
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= First Transitional Scenario — Near Term Forecast f0 2013/14 and 2014/15: In our
first transitional scenario, before reverting tadaun trends from 2015, we adopted
specific short term forecasts for real wage growtR013/14 and 2014/15:

— Our central case takes the HM Treasury consensesdst for real wage growth in
2013 and 2014 and adds a premium of 0.23%, toctefie long run difference
between (1) growth in AWE earnings index for theoleheconomy and (2) wage
growth in the electrical and private sectors (owgrage of the BEAMA electrical
labour index and private sector earnings);

— Our upper bound takes the HM Treasury consensesdet and adds a premium of
0.55%, to represent the long run difference betwéggrowth in AWE earnings
index for the whole economy and (2) growth in tHeABAA electrical labour index;
and

— Our lower bound uses the forecast real growthBnrdtes in 2013 and 2014, i.e.
minus1.4% andminus1.0% respectively.

= Second Transitional Scenario — No Near Term Forecas For our second transitional
scenario, our forecast RPESs revert immediately f20h3/14 to the long run trend rate of
1.3% per annum.

Table 3.1
Labour RPESs, Year on Year Rates of Change by Financ ial Year
(Percent per Annum)

Labour RPEs 2012/13 2013/14 2014/15 2015 -2023 Average
Near Term Forecast

NERA Mid-Point -1.1% -0.5% -0.3% 1.3% 0.8%
Upper Bound -1.1% -0.1% 0.1% 1.8% 1.2%
Lower Bound -1.2% -1.4% -1.0% 0.8% 0.3%
No Near Term Forecast

NERA Mid-Point -1.1% 1.3% 1.3% 1.3% 1.1%
Upper Bound -1.1% 1.8% 1.8% 1.8% 1.5%
Lower Bound -1.2% 0.2% 0.2% 0.8% 0.5%

Source: NERA analysis of ONS, BEAMA and HMT Data

3.2. Materials

For the purposes of this analysis, we have definatkrials as inputs into electricity
distribution networks that become subsumed asqgbane network themselves or are used up
in less than two years in the course of the netisdrdsiness. For example, we consider
materials to include wires and cables, transforpraggregates and building materials. This
section includes the final series we selected aswhamary of the reasoning behind the
selection of these series. See ApperdXfor a detailed evaluation of all of the seness
considered.

% Calculated since January 2000, when AWE datiasisdvailable.
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3.2.1. Historical series

We understand from UKPN that its materials costapmise three sub-categories weighted as
follows:

» transformers and switchgear with a 25% weighting,
= wires and cables with a 30% weighting; and

= residual materials costs including constructionamats with a 45% weighting.

We reviewed the available Producer Price IndicE3gPto assess which met our criteria of
(1) covering each of these sub-categories as detyies possible, (2) offering a long time
series with a reliable breadth of participation §B)dcross-checking against the historical unit
costs incurred by UKPN.

UKPN did not have detailed unit price informatiamitcs materials expenditure. Much of the
cost information that UKPN has covers not onlyrtegerials costs incurred by the business
in procuring transformers or cabling, for example &lso other costs, such as the labour
costs of installing transformers or cabling. Ie ttourse of our review, we rejected PPIs
based on commodity prices. We also rejected atses based on related manufactured
products (such as copper piping) which may be atdie of the costs of inputs purchased by
UKPN (such as copper wiring) but where series &ithore relevant coverage were available.
For full details on this review of the availableise consult sectioA.3.

Our analysis resulted in us selecting the follonseges to calculate the RPEs for electricity
distribution:

» Transformers and Switchgear:We took an equal weighting of two Producer Price
Indices published by the ONS: “Electric Motors, @&tors and Transformers” and
“Electricity Distribution and Control Apparatus”.déh series offered relevant coverage
for this sub-category of costs and had long timesealata available (from 1987).

= Wires and Cables:We took an equal weighting of two other PPIs, ‘tCbrawn Wire”
and “Other Electronic and Electric Wires and Cdblas the two series that offered
relevant coverage and for which long term datan(ft®87) is availablé® and

= Other materials: We used the FOCOS Infrastructure Resource CoskI(lCI) as a
broad index with a wide sample and a long sampi®geThe RCI tracks materials costs
which are not specific to DNOs, providing quartetbta from 1990 and annual data from
1985.

Figure3.2 shows the annual rates of change in thesessgnee 1988. The different
materials indices follow very different paths:

= Transformers and Switchgear: “Electricity Distribution and Control Apparatus” and
“Electric Motors, Generators and Transformers” reldtively stable RPEs over time.
Over the period since 1987 for which data is abéla“Electricity Distribution and

% As described i3, we appended two earlier ONS PPI series toahesries, choosing the series which included he

most similar items.
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Control Apparatus” had an average RPE of -0.26%" &fettric Motors, Generators, and
Transformers” had an average RPE of -1.64%.

= Wires and Cables:The PPIs for “Cold Drawn Wire” and “Other Electror@nd Electric
Wires and Cables” are more volatile and also hagehtgher RPEs, averaging 2.24% and
2.05% per annum, respectively, since 1987. This refigct the minimal processing
required to manufacture wiring from commodities whgrices are themselves volatile.

= Other: The Resource Cost Index is an average of indiaedifferent categories of
materials inputs and the averaging makes it lekdileover time. Its average RPE since
1987 is 1.54% per year.

We calculated unweighted averages of the PPI groatds within each category of
expenditure. We then weighted these growth ratghdoproportions of total expenditure
given above. The average trend RPE for matersiglting from using these five indices for
the three subcategories is 1.0% per annum.

Figure 3.2
Electrical Materials RPEs, Year on Year Rates of Ch ange by Calendar Year
(Percent per Annum)
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Source: NERA analysis of BIS and ONS data.
3.2.2. Forecast data

No detailed, objective and market-based forecdstspat prices for materials costs were
available. On the other hand, commaodities are trawleleep and liquid markets. To the
extent that prices of the manufactured materialgghbby electricity distribution networks
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depend on the prices of the underlying commoditiesould be possible to forecast the
prices of materials based on the future priced@f ttonstituent commodities.

The principal commodities relevant to the matergalsts faced by a distribution network are
copper, steel, aluminium and crude oil. As Figgu&shows, the prices of copper and
aluminium have diverged markedly over the last decaith copper prices increasing
fivefold whilst aluminium prices have risen rougf9%. The Figure also shows the forward
curves2 7for these commodities, which represent takket’'s current expectation of future
prices:

Figure 3.3
Copper and Aluminium Prices: Historical and Forward (E/MY)
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Source: NERA analysis of London Metal Exchange data, via BIoomberg.28

The price of crude oil is also a key determinanthefcost of the materials needed by a
distribution network. Figur8.4 shows that, in sterling terms, the price ofleroil is close to
record levels, at around £80/bbl. The forward eundicates that conditions in the market
are expected to ease, with prices on forward cotstfalling.

Finally, steel prices are also a determinant ofcth&ts of materials faced by a distribution
network. In Figure.5 we present steel prices (available from the LsvtiEe 2008)
confirming the pattern in Figui23, whereby future metal prices are largely thating
determined by the cost of storing the commoditgetlh in the future.

27 Reeve, T. and Vigfusson, R. “Evaluating the Fasting Performance of Commodity Futures Prices’yust 2011,

provides evidence that futures prices are the (lypalkst forecast of commodity prices, comparettéad growth or a
random walk.

% Prices correct as of 18 February 2013. US$ grice converted to sterling using the prevailingt sp forward rate, as

appropriate.
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These market forecasts provide, in principle, geaitve basis for forecasting the future
materials cost faced by a distribution network.widwer, we found the correlation between
changes in commaodities prices and changes in DN1Pat prices to be weak (sé@pendix
C). We therefore concluded that there was no gtjastification for basing a forecast of real
price changes on expected changes in commoditggric

Figure 3.4
Crude Oil Price: Historical and Forward (£/bbl)
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Source: NERA analysis of Bloomberg data.”

2 Prices correct as of 18 February 2013. US$ grice converted to sterling using the prevailingt sp forward rate, as

appropriate.
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Figure 3.5
Steel Price: Historical and Forward (£/Mt)

600

500

400 +

300 +— _—

£/ Mt

200

100

0 . . . :
P S S S v & n>
U U

) ) )
¥ ¥ ¥

Steel

Source: NERA analysis of London Metal Exchange data, via Bloomberg.30
3.2.3. Conclusion

Our recommended RPEs for materials consist ofglesscenario bounded by a range, as
follows:

= For 2012/13, our RPE is a weighted average meadueal input price growth for
electricity distribution companies.

— Weighting the series covering Transformers (3098hI€s (25%) and Other Materials
(45%) as described above gives a mid-point estimia.0% per annuni*

— Our upper bound uses only the fastest growing imd@ach category (“Electricity
Distribution and Control Apparatus” and “Cold DraWfire”);

— Our lower bound uses only the slowest growing indexach category (“Electric
Motors, Generators and Transformers” and “Othectidaic and Electric Wires and
Cables”).

= From 2013/14 onwards, our forecast RPE revertsaddang run trend rate of growth in
this weighted average series, of 1.0% per annunr. upper bound for this trend is 1.2%
per annum and our lower bound is 0.7% per annum.

30 Prices correct as of 18 February 2013. US$ grice converted to sterling using the prevailingt sp forward rate, as

appropriate.

31 Note, we extrapolate the RPE for 2012/13 to tideaf the financial year where a few months atethé of the financial

year were missing.
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Table 3.2
Materials RPEs (Percent per Annum)

Material RPEs 2012/13 2013/14 2014/15 Long Term
NERA Mid-Point -2.0% 1.0% 1.0% 1.0%
Upper Bound -1.6% 1.2% 1.2% 1.2%
Lower Bound -2.3% 0.7% 0.7% 0.7%

Source: NERA analysis of ONS and BIS data.
3.3. Plant and Equipment

For the purposes of this analysis, we have defiih@at and equipment as inputs into
electricity distribution which last more than twears and which do not become fixed assets
as part of the network. Examples of equipment windtlde tools and machinery for
construction, maintenance and repair. Examplesaténals include cabling and transformers
(which later become fixed assets within the netyorkhis section describes the final series
we selected and summarises the reasoning behirsgtibetion of these series. (Sggendix

A for a detailed evaluation of all of the seriescomsidered.)

3.3.1. Historical series

We reviewed the available Producer Price Indicessgess which met our criteria of (1)
covering each of these sub-categories as accuagipssible, (2) offering a long time series
with a reliable breadth of participation and ()s3-checking against the historical unit costs
incurred by UKPN.

We reviewed a range of PPIs which could reflectetaution of equipment input prices for
electricity distribution companies. We found PRisdeneral machinery and equipment
indices, plant and road vehicles and specialistegdfor electrical equipment. The specialist
indices for electrical equipment included cablimgl &ransformers, which represent
“materials” in the context of an electricity digmtion network. For the purposes of
calculating RPEs, “equipment” constitutes the tpolachinery and vehicles used by the
electricity distribution network. General machinand equipment indices offer a better
proxy for the evolution of these costs.

UKPN could not provide detailed unit price infornaat that accurately recorded its
equipment costs alone, as opposed to the cosugiregnt including materials and/or labour
costs. As a result we were unable to check UKPM®Hcal unit costs against our proposed
indices.

We selected the following series to calculate tRERfor electricity distribution (Ofgem also
used these series to calculate equipment RPES@{TRVGDL1.):

= Machinery and Equipment Input PPI: a broad index of the costsmifirchasing
machinery and equipment including the categoriesqoipment likely to be purchased by
a DNO. The average RPE in this series from 19&0t® isminusl.27% per annum.

= Machinery and Equipment output PPI: a broad index of the costsmfoducing
machinery and equipment, including the costs ofufecturing equipment likely to be
purchased by a DNO. The average RPE in this seass1987 to 2012 iminus0.88%
per annum.
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» Plant and Road Vehiclesa broad index of the costs of plant and roadatekiincluding
vehicles necessary for a DNO to carry out its #@s. The average RPE for this series
since 1987 isninus0.04% per annum.

Figure3.2 shows the evolution of these series, as yegeanrates of change.

Figure 3.6
Equipment RPEs, Year on Year Rates of Change by Cal endar Year
(Percent per Annum)

Real Prcie Growth (% y.0.y.)

O & xR P> E N
GG AN RN R R SR GRS SR

- PAF| Plant and Road Vehicles (BCIS)
Machinery and Equipment Output PPl (ONS)
- Machinery and Equipment Input PPl (ONS)
Source: NERA analysis of BCIS and ONS data.

3.3.2. Forecast data

Detailed, objective and market-based forecastspitiprices for equipment costs were not
available. Although in principle, we could use coattties price forecasts to estimate the
likely evolution of equipment costs, in practice analysis suggests that the linkages
between equipment PPIs and commaodities prices eag.viFor further details ség@pendix
C.

3.3.3. Conclusion
Our recommended equipment RPEs are as follows:

= QOur RPE for 2012/13 is our measure of real inpittepgrowth for electricity distribution
companies, an average of the index of “Plant arabRéehicles” and both “Machinery
and Equipment" indices of -2.6%.

» The upper bound is provided by the “Materials andifment Output” series (the fastest
growing) and the lower bound by the “Materials &gliipment Input” series (the slowest
growing); and

= OQur forecast RPE reverts to the long run trend oat@.6% from 2013/14 onwards.
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Table 3.3
Equipment RPEs (Percent per Annum)

Equipment RPEs 2012/13 2013/14 2014/15 Long Term
NERA Mid-Point -2.6% -0.6% -0.6% -0.6%
Upper Bound -1.9% -0.2% -0.2% -0.2%
Lower Bound -3.7% -1.5% -1.5% -1.5%

Source: NERA analysis of ONS and BCIS data.

3.4. Transport & Other

Transport and other costs capture all of the DNfO&s that do not specifically fit into the
other categories of labour, materials and equipraedtplant. As a broad basket of
miscellaneous costs, the evolution of these ceststmight be expected to reflect the broad
basket of products that enter the RPI.

At RIIO-T1/GD1, Ofgem reviewed the evidence forasfng an RPE for electricity
networks. In its Strategy Decision for RIIO-EDIfg@m stated that it did not intend to
provide a separate RPE for the costs of transport:

“We note that we did not provide an RPE for roael fo our most recent
decision on the RPE assumptions for RIIO-T1 and GIDik evidence we
considered suggested that changes in historicalmdises were not
materially different from changes in the RPI. Thessts also represented a
small element of overall costs for the transmissind gas distribution
networks. If a DNO proposes that an RPE for road ¢osts should be
provided then it will need to provide evidencehe tontrary.*?

After reviewing the evidence, we agreed with Ofglat there is limited evidence
that transport costs merit a separate RPE. Weagis® that the impact is not likely
to be material given the proportion of total DNGstsoaccounted for by transport.

3.5. Conclusions

We reviewed the available evidence to establisastimate of the real price effects faced by
an electricity distribution network, presented eble3.4 for our mid-range estimates. We
adopted indices of prices that provide suitableecage of a network’s costs, using outturn
data for our estimates of 2012/13. Where availalkéeadopted near term market forecasts,
and then assumed a return to long term trend grénath 2015.

32 Ofgem (2013)Strategy Decision for RIIO ED1: Tools for Cost Assaent(26e/13), 4 March 2013page 22, para
4.23.
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Table 3.4
RPEs For Ofgem's Four Cost Categories (Including Ne  ar Term Forecasts)

2012/13 2013/14 2014/15 2015-2023
Labour -1.1% -0.5% -0.3% 1.3%
Materials -2.0% 1.0% 1.0% 1.0%
Equipment & Plant -2.6% -0.6% -0.6% -0.6%
Other 0.0% 0.0% 0.0% 0.0%

Source: NERA analysis.
As shown in Tabl@.1, UKPN'’s forecast cost structure is:

= Labour: 83% of opex and 65% of capex;
= Materials: 10% of opex and 20% of capex;
= Plant and Equipment 0% of opex and 8% of capex; and

= Transport and Other: 6% of opex and 7% of capex.

Using these shares, we converted our RPEs forasgelyory into high level RPEs for
operational activities (opex) and network investii{eapex), as shown in TalBe5.

Table 3.5
RPEs Assuming Notional Expenditure Share

2012/13 2013/14 2014/15 2015 - 2023

Operational Activities

Upper -0.7% 0.0% 0.1% 1.0%
Mid -0.5% -0.2% -0.1% 0.5%
Lower -0.8% -0.7% -0.5% 0.5%
Network Investment

Upper -1.0% 0.1% 0.3% 1.2%
Mid -0.2% -0.1% -0.1% 0.3%
Lower -1.2% -0.7% -0.5% 0.5%

Source: NERA analysis. Expenditure shares are those forecast by UKPN..
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4. Estimating “Ongoing Efficiency”

Ofgem uses the term “ongoing efficiency” to meare“productivity improvement that even
the most efficient DNO should be able to achieteln this report, for consistency with
Ofgem’s terminology, we also use the term “ongafficiency” to mean the expected
improvement in productivity.

Based on the evidence set out in this chapter,onelade that the expected ongoing
efficiency improvement would lie between 0.4% ar8P0 p.a. for expenditure on network
investment (capex), and between 0.4% and 1.1%qu.axpenditure on operational activities

(opex).
The remainder of this chapter is structured asWet

= Sectiord.1 sets out our overall approach to estimatingomngefficiency;

= Sectiord.2 describes the EU KLEMS dataset, the theoretissimptions, and data
measurements issues;

= Sectiord.4 sets out our preferred productivity measured; a

=  Sectiond4.5 sets out our results and conclusions.
4.1. Overall Approach

In setting revenue allowances for the next regwygperiod, Ofgem includes an assumption
in relation to the ongoing productivity improvemeinat will be achieved by the frontier
company over the price control peridid Specifically, Ofgem has proposed an adjustment to
two expenditure categories — “operational actigiti@nd “network investment” — for
expected productivity growth (“ongoing efficiencydyer the period from 2012/13 to
2022/23, the anticipated end of the RIIO-ED1 remuiaperiod>®

Our overall approach to estimating ongoing efficiebroadly follows the framework set out
by Ofgem in its recent strategy decision docuni8r@pecifically, we propose to draw on
historical trends in productivity for comparatocs®s set out in the EU KLEMS dataset.
Ofgem used this dataset to estimate ongoing pradlycat RIIO-T1/GD1 and for its
proposed approach at RIIO-ED1.

33 See for example: Ofgem (2013), Strategy decisionthe RIIO-ED1 electricity distribution price owol: Tools for

cost assessment, para. 4.40

34 See: Ofgem (2012) Strategy consultation for tHOFED1 electricity distribution price control: Témfor cost

assessment, p. 86. Although Ofgem refers to theiér company as the basis for this rate of edfficy improvement,
that is in effect just a way of referring to thadpterm trend rate of growth in productivity foetlector, separately
from known, company-specific improvements that rhigad to higher rates of growth in productivitysaime
companies over some (short) periods.

35 Infact, in its latest Business Plan Data TabBifgem proposes to apply ongoing efficiency assionptto granular

levels of expenditure, such as reinforcement, pepteent, etc. It is not possible to distinguish ESBmates for these
sub-categories, and hence we propose to applygkesiP for network investment to all these catesgor

% Ofgem (2013) Strategy decisions for the RIIO1E&ectricity distribution price control: Tools fopst assessment,

chapter 4.
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For comparator sectors, we draw on the comparé&doedectricity DNOs identified by
Ofgem and the industry at DPCRS5, as well as foiddat Grid Electricity Transmission
(NGET) at RIIO-T1¥" We also present data for the electricity, gasweatgr supply industry
(EGWS) and whole economy.

We considered other sources of data, such as praidpdata published by the Office for
National Statistics (ONS). However, the ONS praihity measures are focussed on labour
productivity and the ONS does not publish produttigstimates for the wider set of factors
of production employed by DNOs other than on arptimental basis® We therefore do
not draw on ONS data.

4.2. EU KLEMS Dataset: Theoretical And Data Issues

In this section, we briefly describe the two diffet KLEMS datasets, the growth accounting
model, its theoretical assumptions, and data meawmt issues. We draw conclusions on
how we interpret the EU KLEMS data given the théoat and data issues.

As set out above, we have drawn on EU KLEMS Groavttd Productivity Accounts to
estimate ongoing productivity over RIIO-EB’.The database contains industry-level
measures of outputs, inputs, and productivity ier S, Japan and 25 European countries for
the period from 1970 onward%. These measures include the input categoriespitat€K),
labour (L), energy (E), materials (M), and servi(8s

EU KLEMS publishes two datasets.

= NACE" 1.1 dataset — which contains productivity datanetwitput is measured on the
basis of both gross output (GO) and value added.(¢ AThe data series covers the
period from 1970 to 2007.

= NACE 2 — which contains productivity measures base®¥/A output measures only, and
follows a different sector classification from NACQEL. The data series runs from 1997
to 2007 but productivity estimates prior to 199& astimates compiled by “back-
casting”®®

37 In terms of comparator sectors, Ofgem notesitheitl focus on those industry sectors with simitees to DNOs, for

example, the sectors with significant asset managenoles. See: Ofgem (2012) op. cit., p. 86.

% Source: ONS (2007) The ONS Productivity Handhd@tkapter 2, Section 2.4. Link:
http://www.ons.gov.uk/ons/guide-method/method-duéipecific/economy/productivity-measures/produtiiv
handbook/index.html

*  http://www.euklems.net/euk09i.shtml

“© O’ Mahony, M. and Timmer, M.P. (2009) Output, it@nd Productivity Measures at the Industry LeVéle EU
KLEMS database. The Economic Journal, Volume 189)é 538 pp. F374-F403, Abstract. See:
http://onlinelibrary.wiley.com/doi/10.1111/j.146&97.2009.02280.x/pdf

41 NACE stands for thBlomenclature générale des activités économiques lganCommunautés Européenraaw is the

obligatory statistical classification introducedthne EU in 1990. Source: ONS (1997) Annual Abstdd®tatistics, p.1.
42 \We explain GO and VA terms in sectiér.1.

43 NACE 2 is based on a revised industry classificati®he EU KLEMS website notes thaFte National Accounts
(NA) data in the new classification is typicallyopided for shorter time series than were previoasigilable in the
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To estimate ongoing productivity, we draw on the@E\1.1. data. We are principally
interested in GO rather than VA measures of TFReadiscuss in sectioh4.1 below. Only
the NACE 1.1. dataset contains GO data; it was bgedfgem for RIIO-T1 and RIIO-GD1.

4.2.1. The growth accounting framework

The EU KLEMS productivity measures apply the groaticounting framework drawn from
seminal work by Jorgenson and GrilicHésThe framework is based on production
possibility frontiers where gross output is detered by capital, labour, intermediate outputs,
and technology. Each industry can produce a setifpiuts, but must purchase a minimum
volume of distinct intermediate inputs, capitalddabour to produce these outputs. The
production function is given by:

Y=f(K,L X,T) (1)

whereY is an index of output¥ is an index of capital service flowls,s an index of labour
inputs, andX is an index of intermediate outputs, dni available technology. The KLEMS
database also divides total intermediate inp¥itsnto three groups: energy, materials and
servicesE, M, §). These input and output indices, which are usezhlculate TFP, are
indices of physical quantities rather than indiokeprices or unit costs (as discussed in the
earlier chapters of this report).

Taking logs, and making other simplifying assummsidas we discuss below), we can
represent the shift in the production functionheseéxpenditure-share weighted growth of
input indices and technological change (TFP):

AlnY, =sfAInK, +s"AInL, +s Aln X, +AInTFRY 2)

where Sdenotes the average share of input i in the ndmivst of total output, and the factor
shares sum to unity (i.e's & + ¢ = 1). This equation states that growth in theié of
output can be accounted for by growth in intermiedaautputs, capital services, labour
services, and a measure of multifactor or totatoiaproductivity (TFP). TFP is
unobservable, and so it must be measured as fleeati€e between the growth in the output
index and the growth in the input indices, as asilg be seen by re-arranging equation (2).

In turn, each individual factor of production idadated as an index of different input types.

For example, labour input is calculated as a gtyamtdex of individual labour types, as
follows:

AlnL, =) s AInL, (3)
|

NACE 1 classification. We back-cast time seriesutfput and labour data using growth rates from ¢aglier data in
the NACE 1 classification. These imputations ameotied in grey in the new release.ink:
http://www.euklems.net/eukNACE2.shtml

O’ Mahony, M. and Timmer, M.P. (2009) Output, im@nd Productivity Measures at the Industry LeVéle EU
KLEMS database. The Economic Journal, Volume 1€9)é 538 p. F374. See:
http://onlinelibrary.wiley.com/doi/10.1111/].146887.2009.02280.x/pdf The framework is: Jorgenson, D.W. and
Griliches, Z. (1967) The explanation of productnihange, Review of Economic Studies, vol. 34 {8)319-83.

44
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where the term on the right-hand side represestgitbwth Q) in L, the hours worked by
labour typd, weighted by the average share of each kypehe total value of labour
compensation or total wage bill(s The KLEMS database classifies labour into 18
different categories by educational attainmentdgemnd agé>

For some materials and capital inputs, in the atesehany direct measure of physical
quantities, we calculated growth in physical quégias the real increase in total expenditure
on such inputs divided by the real increase impitges of those inputs.

4.2.2. What does TFP measure?

TFP (as set out in the KLEMS dataset) is a measiudesembodied technological change or
technical change that is “costless” in the fornanfexpansion of general knowledge,
adoption of better management techniques, moreigfti organisation, eté® Costless
technological change contrasts with productivitarofpe achieved at a cost, which is referred
to as “embodied” technological change becauseelaetachnology is normally embodied in
an investment. For example, advances in the desigmuality of capital and intermediate
products, achieved through research and developwitmh the capital goods producing
industry, offer their customers costly or “embodiggthnological change, when they invest
in new vintages of capital equipment. Similarlyoghuctivity increases resulting from an
expansion of human capital through investment ucaton are also “costly” or “embodied”
(literally) in certain personnel.

In the EU KLEMS database, technological change etielsbin new capital goods is captured
in the measurement of capital by usaquglity-adjustedorices and costs as weights in
calculating the change in capital inputs. Likewibe, construction of the labour input index
takes into account both hours worked and changteeiskill composition of the labour force,
so that it reflects technological change embodigdbour!’ As a result, an improvement in
the educational attainment and skill base of thekfeoce, and hence in its productivity, is
not reflected in the estimate of residual TFP,ibaBaptured as an increase in labour inputs,
as well as in outputs.

Economic growth is a measure of both costless astlyctechnological change. KLEMS
TFP estimates for the whole economy (reflectiny maistless technological change) will
therefore be lower than long run estimates of &te of economic growtff

4 0’ Mahony, M. and Timmer, M.P. (2009) op. cit37®

46 The technical change measured is described #ssbecause it occurs in addition to the remueereontribution of

factor inputs to production — remuneration beingtaeed by the income share of labour and capital.

47

OECD (2001) Measuring Productivity, Measuremdraggregate and industry level productivity grow@CD
manual.; p. 116 Available on-linkttp://www.oecd.org/std/productivity-stats/23524%8.

8 The growth in real GDP can be viewed as the drowtapital inputs, labour inputs, and total fagimductivity. See

ONS (2007) ONS Productivity Handbook, Section, B.2,1.
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4.3. Theoretical Assumptions and Data Measurement |  ssues
4.3.1. Theoretical assumptions

The growth accounting framework rests on a numbassumptions about the real economy.
It assumes that factor markets are competitivéhabmarginal revenues are equal to
marginal costs. To explain, the weights on theiiafas set out in equation (3)) ensure that
inputs which have a higher price also have a largkrence over the input index. So, for
example, a doubling of hours worked by a high-skilWorker receives a greater weight than
a doubling of hours worked by a low-skilled workduge to the former’s higher wage rate.
This higher wage rate is assumed to reflect a hilgivel of inputs per hour workéd.

The growth accounting framework also assumes Heaietare constant returns to scale (CRS).
The weights placed on the components of outputj&bgur compensation as a proportion of
nominal output, are intended to approximate pradaatlasticities (i.e. the percentage effect
on outputs of a 1% change in individual inpdfs)f the assumption of CRS does not hold,
then the TFP measure will reflect the effect olesezonomies as well as productivity growth.

The framework also assumes that there is fullsatiion of inputs, and that all companies are
technically efficient?

In practice, we can assume that these conditiolhé@d over the long run, and thus that

long run estimates of TFP reflect productivity gtbWas opposed to scale economies,
removal of technical inefficiency, etc.) Ofgem reatis assumption for RIIO-T1/GD¥

By contrast, we note that the Competition Commissias in the past assumed that an
element of TFP reflects systematic catch-up, butiaveot consider that there is a strong case
for making such an adjustment in the context oERED1 and the EU KLEMs daf.

49 See: O’ Mahony, M. and Timmer, M.P. (2009) op., §394. For example, if the weightings refleatrginal cost, and

the factor market is competitive (such that thekeds compensation equals his/her output value) thchange in the
composition of labour does not affect TFP. Howeifdhese conditions do not hold, the residual Théasure will
pick up any deviations from the assumption thatgime costs equal marginal revenues (in both lalamar other factor
markets). For example, in the case of imperfentprtition, an increase in pricing above marginat eall be picked
up by a decline in the residual TFP measure.

50 OECD (2001) Measuring Productivity, Measuremdraggregate and industry level productivity gronBiECD

manual.; p. 18 Available on-lingttp://www.oecd.org/std/productivity-stats/23524%8.

51 This assumption is not as strong as one migheexpTechnical efficiency can include some apptierfficiency” in

production, if the management cost of eliminating problem would exceed the value of the increasiput or the
reduction in inputs. Thus “technical efficiencyagnot require the elimination of all “X-inefficieg” in the
management of a firm. Technical efficiency meanly that the owners and managers of the firm (‘@pals”) are
managing their employees (“agents”) and other imgotas to maximise the firm’s profits.

%2 See: Ofgem (2013) RIIO-T1/GD1 Real price effenis ongoing efficiency appendix, para. 3.21, p. 19

53 For a discussion of the Competition Commissi@migistment, see: Ofgem (2013) RIIO-T1/GD1 Realesffects and

ongoing efficiency appendix, paras. 3.13-3.21.
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4.3.2. Data measurement issues

The guidance notes on the methodology and the rmtistn of the KLEMS database
highlight a number of health warnings with the data

=  Data collection

In general, the data is likely to be less relidblemore narrowly defined industries as more
detailed industry specifications tend to draw amder range of data sources (which may not
be consistent or complete). The guidance also nb&tglata from further back in the time
series has a greater likelihood of measurement.&ro

= Qutput data

Measuring output volumes over long periods necatesitidentifying and adjusting for
changes in quality, generally by constructing ditytadjusted price deflator. If quality
changes are not taken into account, we would utaterproductivity improvements.

Adjusting for quality can be particularly difficult the services sector, e.g. for financial and
business services, as well as for high-technolodystries where there is rapid quality
changes, e.g. changes in the power of compEﬁerHowever, the problems are prevalent in a
number of sectors: for example, utility sectorséhaghieved substantial improvements in
guality of service since privatisation.

= [nput data

In relation to input measures, as we have notedeglibe KLEMS database distinguishes
labour inputs for 18 different categories which essitates the use of labour force survey
data, where there are issues over the consistdnmgasuring labour input over timé.In
relation to capital, capital inputs are measured #isw of services rather than a stock of
capital (which is not observed). The measuremetiteocapital input requires estimates of
capital depreciation which vary by asset and i d are held constant over time,
although asset lives are likely to change over fitma better approach is to measure
physical quantities of capital assets. Howeverhgiata is not always available: hence the
database uses measures of expenditure or coseédikida price index.

54

O’ Mahony, M. and Timmer, M.P. (2009) Output pitt and Productivity Measures at the Industry Letrel EU
KLEMS database. Linkattp://www.euklems.net/eukNACE2.shtmWe also draw on: OECD (2001) Measuring
Productivity, Measurement of aggregate and industrgl productivity growth, OECD manual, pp. 21-24vailable
on-line: http://www.oecd.org/std/productivity-stats/23524%8.

> O’ Mahony, M. and Timmer, M.P. (2009) op. cit399. The authors stateA$ a general rule the reliability of the data

is likely to be lower [...] the more we more frome industry level identified in the National AcctaunThis is because
to break down the national accounts series, wendfea to rely on additional data sources].”

5 OECD (2001) Measuring Productivity, Measuremdraggregate and industry level productivity gronBiECD

manual, pp. 21-24. Available on-linettp://www.oecd.org/std/productivity-stats/2352458.

57 0’ Mahony, M. and Timmer, M.P. (2009) op. cit380
58

The authors also note that one of the more gtningssumptions in capital services measureméime isssumption of
constant returns to scale as capital servicesargtricted employing user costs of capital as wsighsuming an ex
post rate of return. It is assumed that the thle of capital services for each industry eqitalsompensation for all
assets. This approach yields an internal ratetafm that exhausts capital income and is congistigh returns to scale.
See: O’ Mahony, M. and Timmer, M.P. (2009) op., ¢i894 and Appendix B.
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The measurement of capital input is also sensititbe assumption of full utilisation. The
variable use of capital inputs, i.e. the measur@¢rmaemachine hours, is rarely used in the
construction of the KLEMS database. Instead, KLEM&rds the fixed capital stock.
Consequently, a higher rate of capacity utilisatiroperiods of expansion is accompanied by
output measures that show rapid growth whilst inpaasures remain stable, thus producing
a rise in measured TFP. The converse holds foogeeof recession. In such conditions,
only long term measures of TFP provide any indosatf the underlying trends.

4.3.3. Short-term vs. long-term measurement errors

The authors note that for some sectors the TFRmaiis negative, representing technical
regress, which would appear implausible. The asthoknowledge that industries could
experience negative TFP in the short-run butinikely over the long-ruf® Our analysis
of TFP shows that around a third of all industrgtees have a negative long-run TFP
measure, as illustrated in Figwtel. This highlights the potential for measurenamnbrs in
inputs and outputs, as described above. The wegBEP estimates do not imply that we
should exclude such sectors from our analysispbatide an indication of the extent of
measurement error in the industry TFP estimatestandeed to use broad averages where
possible. SeAppendix B for further definition of factor prodinity measures.

4.3.4. Conclusions on the use of EU KLEMS data

In summary, TFP not only measures disembodied teahchange but it also reflects
efficiency change, economies of scale, variationsaipacity utilisation, and measurement
error® For the reasons described in this chapter, TBRalsa been described as the
“residual” or the “Measurement of Our Ignorané&”.

The theoretical and data measurement issues vatKIitEMS dataset demonstrate that we
need to interpret the productivity estimates wahton. In particular, the potential issues
suggest that we should not place weight on theymtodty estimates associated with any
particular sector but potentially place greatergiebn aggregate industry measures. (We
will return to the use of industry specific or camsfie TFP issues in our discussion of
productivity results for our comparators in sectob.)

We also consider that we should draw on longer-senies evidence (i.e. from 1970-2007).
For example, a longer time period may help smootltfianges in scale effects, changes in
capacity utilisation, and changes in efficiencyjchhare picked-up in the residual TFP
measure. As set out Appendix B, we show that the estimates of our psepigproductivity
measures are not very sensitive to the time pesetetted.

% TFP includes the effect of technical innovatisnill as the effects from organisational and fnstinal change. For

example, successful reorganisation of a businesseamline the production process might decre&&edk resources
are diverted to the reorganisation process.

5 OECD (2001) Measuring Productivity, Measuremdraggregate and industry level productivity gronBiECD

manual. Available on-linenttp://www.oecd.org/std/productivity-stats/23524%8.

51 Jorgenson, D.W. and Griliches, Z. (1967) The amation of productivity change, Review of Econo®iadies, vol. 34

(3) p. 249.
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Figure 4.1
Negative TFP Estimates Indicate The Magnitude Of Me asurement Error
(1970-2007, p.a.)
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® Total Factor Productivity (VA) = Total Factor Productivity (GO)
Source: NERA analysis of EU KLEMS data.
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4.4. Different Measures Of Productivity

We draw on LEMS productivity measures as our praxyon-going productivity for the
operational activities expenditure category, as NisPoperational activities will draw on
labour, energy, materials and services (or LEM§$yis. For “network investment” we draw
on TFP estimates as our measure of on-going privitycis UKPN’s network investment
activities will draw on capital as well as othepurts.

For both measures, there are a number of choiaesation to whether we use GO or VA
measures of TFP for our network expenditure, anetldr we adjust LEMS for the effect of
capital substitution in determining productivity foperational activities. We explain our
approach below.

We provide mathematical definitions of the diffarenoductivity measures ippendix B.
4.4.1. GO or VA output measure?

In relation to the TFP measure, we have considetesther to use a gross output (GO) or
value added (VA) measure to construct the outplites. GO measures use an index of all
outputs produced by an industry, and TFP based@is@alculated as the growth in the
outputs index minus the growth in the index forfaditors of production (i.e. KLEMS). In
simplified algebraic terms (e.g. ignoring factoasss), GO TFP is:

GO TFP = GO index/ KLEMS input index

By contrast, VA output measures are calculatedutiyracting (an index) of intermediate
(EMS) outputs from an index of gross output, and MAP is calculated as the net output
index minus the growth in the index of capital datobour inputs (or primary inputs). A value
added measures presents the maximum amount of adtlexl that can be produced given the
inputs of the firm (or industry), i.e. labour arab@al, for given prices of intermediate inputs
and outputs. Value-added TFP is systematicallizdrighan gross output TFP. In simplified
algebraic terms, it is:

VA TFP = (GO index — EMS index)/ (KLEMS — EMS inputlices)

The correct productivity measure (i.e. GO or VApdrds on its intended use. As at RIIO-
T1/GD1, we understand that Ofgem will apply a pioity measure to all factor inputs in
order to set the final price for DNOs’ gross out@ther than specifically to the labour and
capital inputs employed by DNOs. This implies tivatrequire a productivity measure(s)
which reflects the growth rate of total output nmgnthe growth in all inputs, i.e. a GO
measure. By contrast, it is not clear to us howprdductivity measures could be used for
the intended purpo$é®?

62 Ofgem also acknowledges the difficult with applyivalue-added measures in its Initial Proposatsiaient for RI10-

T1 and GD1. Ofgem states: l& VA measure of productivity only allows us toust® the impact of the use of labour
and capital on outputs, and thus limiting the cahkts this can be applied to. Therefore, to feljaluate the
productivity improvements that a network company iweake would require making additional assumptialosut the
use of intermediate inputsOfgem (27 July 2012) RIIO-T1/GD1.: Initial Propads — Real price effects and ongoing
efficiency appendix, para 3.15, p.19.
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4.4.2. LEMS productivity measure: constant capital or capital
substitution?

As set out above, we calculate LEMS productivitpasestimate for productivity associated
with operational activities (as these inputs cqroesl to the factors relevant to UKPN'’s
operational activities).

LEMS productivity measures will also reflect theent of capital substitution. An increase
in capital employed per labour input will resultan increase in output per worker and an
improvement in LEMS productivity. Following Ofgemapproach at RIIO-T1/GD1, we also
calculate LEMS productivity measures adjustingtfar impact of capital substitution on
LEMS productivity, i.e. we correct for that elemeftLEMS or labour PFP which is
explained by a reduction in LEMS or labour expemditshare in total output. We refer to
such PFPs as “constant capital” measures. ThefuseEMS measure based on constant
capital depends on Ofgem’s overall approach téngetiost allowances.

For example, if Ofgem makes a separate adjustroaitdwed operating expenditure for
changes in capital inputs (e.g. through its apgraacomparative efficiency modelling),
then a LEMS measure based on constant capitalgheutmployed. Otherwise using a
LEMS measure which reflects the effects of caitddstitution will result in a double-
adjustment.

Alternatively, if Ofgem does not make an adjustnterdllowed operating expenditure for
changes in capital share, a LEMS measure whichumagpthe scope for capital substitution
should be employed.

Ofgem does not appear to have a systematic apptoaatjusting operating cost allowances
for changes in input factor shares (e.g. for angiase in capital), although the change in
operating expenditure from increased capital exjperedmay be partly captured in
comparative efficiency modelling.

In setting allowed revenues, Ofgem needs to ddwideit will take account of capital
substitution. There are two options. If Ofgemlgspa LEMS productivity estimate at
constant capital, then it needs to make an additiadjustment to operating expenditure to
allow for capital-labour substitution. If it apps a LEMS productivity measure which
reflects capital substitution, the implicit assuroptis that the rate of capital substitution for
DNOs will be the same as for the comparator sethik report, we set out both LEMS
measures.

5 We also understand that there are advantagedisaivantages to the use of GO and VA productiuijces but these

issues are secondary to the intended use. Forpdea@®O based TFP measures are less sensitivahges to the
vertical integration of the sector, e.g. to outeg. Value-added based TFP measures vary witlettes of
purchased services. On the other hand, for lapmguctivity, value-added measures are less seasdichanges in
the vertical integration of the sector. OECD (20Bteasuring Productivity, Measurement of aggregaie industry
level productivity growth, OECD manual, p.31. Atedle on-linehttp://www.oecd.org/std/productivity-

stats/2352458.pdf
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4.4.3. Conclusions on productivity measures

We propose to use GO TFP as our productivity meafsurthe network investment
expenditure category, and draw on LEMS productiaijusted and unadjusted for capital
substitution for operational activities.

4.5. Results for Comparator Sectors

In this section, we set out our preferred GO TF® laBMS productivity measures for a set of
comparators for electricity distribution businesses

As our starting point, we calculated the produtyivheasures for the comparators used by
Ofgem at DPCR5 and for National Grid Electricityamsmission (NGET) as part of RIIO-T1
(which comprised the same set). However, for RIIDOfgem noted that there were
concerns about the relevance of manufacturing coam@a to DNOs, and hence presented
composite averages including and excluding manuifancy.

In addition to the comparator sectors presentgdeatious reviews, we also present data for
the energy, gas and water supply (EGWS) sectoweder, this sector classification includes
a much wider set of activities than energy netwarkvities, i.e. it will include generation

and supply. The productivity measures may overstat prospect for future productivity
improvements given the greater scope for produgtimprovements following the change in
ownership, regulation and structural change inl®@0s.

As per Ofgem at RIIO-T1, we also present produgtigstimates for the whole economy
excluding public administration, education, headthg social services, as well as real estate.
We exclude these sectors because of concernstdey the authors of the KLEMS database
about the calculation of output measure for nonket&d goods (specifically the aggregation
of diverse outputs for which there are no markitgs), and for real estate

Table4.1 summarises our results for comparator sectors.

# O’ Mahony, M. and Timmer, M.P. (2009) op. cit3%

NERA Economic Consulting 39



Estimating “Ongoing Efficiency”

Table 4.1
TFP GO And LEMS Productivity Estimates For Comparat  or sectors
(1970-2007, Percent per Annum)

Used by Ofgem? GO PFP (LEMS)
Industry sector Capital Constant
DPCR5 RIIO-(E)T1 GO TFP Substiution Capital

Manufact f chemical d chemical

anufacture of chemicals and chemica - 1.3% 1.4% 1.4%
products
Manufact f electrical tical

anufacture of electrica and optica o 1.6% 1.9% 1.8%
equipment
Manufacture of transport equipment ? 1.0% 0.9% 1.0%
Construction 0.2% 0.4% 0.2%
Sa{e, m:.glintenjamce and repair of motor 1.0% 1.4% 1.1%
vehicles; Retail sale of fuel
Transport and storage 1.2% 1.2% 1.2%
Financial intermediation -0.4% 0.3% -0.5%
Electricity, gas and water supply N N 0.8% 0.6% 1.0%
Unweighted average (DPCRS5 sectors) 0.8% 1.1% 0.9%
U ighted DPCR5, .

nweighte ! average ( exc 0.5% 0.8% 0.5%
manufacturing)
Whole economy (exc. non market sectors) N 0.4% 0.4% 0.4%

Source: NERA analysis of EU KLEMS data. Whole economy excl. non-market sectors excludes real
estate, public administration, education, health and social work and community services.

From these results, we note the following

= The GO TFP measure of productivity for the comparagctors is relatively wide-
ranging. It ranges from -0.4% p.a. for financigkermediation to 1.6% p.a. for
manufacture of electrical and optical equipment.

= As set out in Sectioa.3.4, the variation in sector productivity measwrireflect data
measurement issues as well differences in prodtyctiver time. In particular, the
negative GO TFP estimate for financial intermediafjat -0.4% p.a. over the period
1970-2007) appears implausible and may reflectudutgasurement error

* None of the comparator sectors used by Ofgem &tque reviews appear to closely
match the activities undertaken by DNOs. For eXamipis not clear to us that the retail
sale of fuel or financial intermediate closely eg@nt the retail functions undertaken by
DNO. Ofgem has also noted that it (and the widdustry) has concerns over the
relevance of manufacturing comparators. Howevés,not clear which other sectors in
the KLEMS dataset, if any, would be better compasator the DNOs.
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4.6. Proposed Productivity Estimates for RIIO-ED1

For the purposes of RIIO-ED1, we report below cosiigoor average productivity measures
for comparator sectors, and for the whole econ@sygverages are less prone to the
theoretical and data concerns described in Sedtlbd than sector specific methods. For
example, averaging across sectors could help aglgeeticular output measurement
difficulties associated with any one sector (assignihat any measurement errors or
adjustments are not systematic).

Specifically, for network activities, we recommethéhwing on GO TFP sector averages and
whole economy data which provides a range of 04%&%, and a mid-point of 0.6% p.a.

For operational activities, we propose to draw &MS productivity data for comparator
averages, as well as the whole economy. This peswvith expected improvement in
productivity in the ranges:

* 0.8%to 1.1% p.a. (mid-point 0.95% p.a.) based GMREP (LEMS) and allowing for
capital substitution, which is the relevant measu@gem assumes either that the rate of
capital substitution for DNOs is identical to thengparator set, or

* 0.4% to 0.9% (mid-point 0.65% p.a.) based on GO RFREMS at constant capital, if
Ofgem makes a separate adjustment to operatinghditpee for capital substitution.

See Tablel.2.
Table 4.2
Productivity Estimates for RIIO-ED1 (Percent per An  num)
Category Description Lower bound Upper bound
Network Investment |GO TFP 0.4% 0.8%

GO PFP (LEMS) with capital substituion.
Assumes DNO capital substitution = comparators.

GO PFP (LEMS) at constant capital.
Assumes separate adj. for capital sub.

Source: NERA analysis of EU KLEMS data.

Operational Activities 0.8% 1.1%

Operational Activities 0.4% 0.9%

4.7. Comparisons with Ofgem’s Conclusions in RIIO-T  1/GD1

Table4.3 sets out our recommended range and mid-paimrfagoing productivity applying
to network investment and operational activities] aompares these results to Ofgem’s
conclusions at RIIO-T1 and the Competition Comnois's conclusions in the 2010 Bristol
Water reference.

Our proposed mid-point estimates are lower thare@®fg conclusions in RIIO-T1. The
principal reason for Ofgem’s higher estimates & tbfgem referred to results for VA TFP as
well as for GO TFP in drawing conclusions for RIIQ; and as set out above, VA results are
systematically higher than GO results (althoughe@igioted that VA measures may not be
well-suited to its intended purpose). In additiorevidence from KLEMS data, Ofgem also
cited TFP and PFP estimates set out in network eoiep’ business plans.
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Table 4.3
Comparison With Regulatory Precedent

Ne

Dperational Activities

Ongoing Efficiency Estimate

Estimating “Ongoing Efficiency”

twork Investment

NERA Mid-Point 0.7%
NERA Upper Bound 1.1%
NERA Lower Bound 0.4%
Ofgem RIIO-T1/GD1 1.0%

0.6%
0.8%
0.4%
0.7%

Sources: NERA analysis of KLEMS data and Ofgem, RIIO-GD1 Final Proposals.
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5. Conclusion and Results

In this section, we calculate the net effect of RRRd ongoing efficiency in order to
calculate the expected overall change in UKPN'’$ costs.

We also compare the net results with changes incosis (or output prices) for relevant
output price series (such as the capital outpgepridex or COPI) and changes in unit costs
for the comparator sectors we use as the baswufoestimates of TFP (as set out in section
4.5).

5.1. Net Effect of RPEs and Ongoing Efficiency
5.1.1. Network investment

For network investment, we estimate a compound tiroate over the period afinus0.1%
p.a., and a range between 0.5% p.a.ramdis0.7% p.a. In general, we estimate a decline in
unit costs in the first three years of the foreqastod reflecting our short-term forecast for
negative real wage growth, offset by marginallyr@asing unit costs over the remainder of
the period. Our mid-point estimaterafnus0.1% p.a. is marginally below Ofgem’s allowed
change in unit costs for NGET of 0.1% p.a.

Table 5.1
Network Investment: RPE, Productivity and Net Effec  t (Percent per Annum)

Network Investment

FY Ending Efficiency Net [Mid] High

2013 -2.0% -1.6%

2014 -0.2% 0.6% -0.8% -0.3% -1.7%
2015 0.0% 0.6% -0.7% -0.2% -1.5%
2016 1.0% 0.6% 0.3% 0.9% -0.3%
2017 1.0% 0.6% 0.3% 0.9% -0.3%
2018 1.0% 0.6% 0.3% 0.9% -0.3%
2019 1.0% 0.6% 0.3% 0.9% -0.3%
2020 1.0% 0.6% 0.3% 0.9% -0.3%
2021 1.0% 0.6% 0.3% 0.9% -0.3%
2022 1.0% 0.6% 0.3% 0.9% -0.3%
2023 1.0% 0.6% 0.3% 0.9% -0.3%
Compound growth 0.6% 0.6% -0.1% 0.5% -0.7%
[Ofgem ET1 | [ | 0.1% | 0.1% | 0.1% |

Source: NERA analysis. Ofgem data is for NGET TO, RIIO-T1 Final Proposals.

UKPN also requested that we calculate the changaeitrcosts using long term RPES over
the entire forecast period, that is, excluding skenm real wage forecasts to reflect Ofgem’s
approach at DPCRS5. (At the time of DPCR5, Ofgenwoigd strongly positive real labour
wage growth.) If we were to exclude negative skemn forecasts for real wage growth, the
annual average compound growth rate in unit costddvbe 0.1%, and a range between
minus0.7% andplus 0.5%.
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5.1.2. Operational activities

For operational activities, we estimate a compognuavth rate over the period of 0.0% p.a.,
and a range betweeninus0.8% anglus0.6% p.a. As with network investment, we
estimate a decline in unit costs in the first thyears of the forecast period reflecting
negative real wage growth, and a small positivesase in unit costs thereafter. Our mid-
point estimate of 0.0% p.a. is higher than Ofgeatiswed change in unit costs for NGET of
minus0.5% p.a.

Excluding short-term real wage forecasts (consistéih Ofgem’s approach at DPCR5), we
estimate a mid-point of 0.2% p.a. over the forepasiod, and a range betwemmus0.8%
p.a. andplus0.6% p.a.

Table 5.2
Operational Activities: RPE, Productivity and Net E  ffect (Percent per Annum)

Operational Activities

FY Ending Efficiency Net [Mid] High

2013 -1.1% 0.7% -1.9% -1.5% -2.3%
2014 -0.3% 0.7% -1.0% -0.4% -2.1%
2015 -0.1% 0.7% -0.9% -0.3% -1.8%
2016 1.2% 0.7% 0.4% 1.2% -0.3%
2017 1.2% 0.7% 0.4% 1.2% -0.3%
2018 1.2% 0.7% 0.4% 1.2% -0.3%
2019 1.2% 0.7% 0.4% 1.2% -0.3%
2020 1.2% 0.7% 0.4% 1.2% -0.3%
2021 1.2% 0.7% 0.4% 1.2% -0.3%
2022 1.2% 0.7% 0.4% 1.2% -0.3%
2023 1.2% 0.7% 0.4% 1.2% -0.3%
Compound growth 0.7% 0.7% 0.0% 0.6% -0.8%
[Ofgem ET1 [ [ [  05% | 05% | -05% |

Source: NERA analysis. Ofgem data is for NGET TO, RIIO-T1 Final Proposals.
5.2. Cross-Check With Unit Cost Data

Finally, as per Ofgem, we cross-checked our eséisat unit cost change (equal to our
forecasts of RPEminusforecasts of on-going productivity) against histatiunit cost trends
for comparator sectofs. The combination of RPEs and productivity groweeds to satisfy
this cross-check, or else the estimates of RPE®aprbductivity growth need to be re-
considered.

We compared our estimates of the long-term chamgait costs (i.e. excluding the short-
term real wage forecasts) with changes in the tengr unit costs for the comparators we

5 Ofgem (2013), Strategy decisions for the RIIO-Eddctricity distribution price control: Tools fopst assessment,

p.24
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used to estimate productivity improvements, i.emfreU KLEMS, and other output price
indices.

Drawing on the EU KLEMS database, we calculateatierage historical growth in real unit
costs for the comparator set used at DPCR5 andltbée economy, as we describe in
AppendixB.4.

We also compared our estimate of the change incosis for network expenditure to the
historical long-run average change in the capit#pot price index (COPI) and the
infrastructure price index (IOPI). At RIIO-T1/GDOfgem used COPI and IOPI as a cross-
check on its estimate of the change in unit castaétwork companies’ capital expenditure.

As set out in Tabl&.3, for network investment we estimate a changeihcosts equal to
0.3% p.a. compared to a range in unit cost chafugdke three sources of comparator
information (EU KLEMS, COPI and IOPI) @hinus2.4% p.a. teplus0.8% p.a.

For operational activities, we estimate a changeincost of 0.4% p.a. compared to a
change in unit costs for the DPCR5 comparator 51286 p.a., and a range for the
comparator sectors afinus2.2% toplus 1.4% p.a..

Thus, for both operational activities and netwankestment, our estimates of unit cost
changes based on separate estimates of RPEs ayuihgnproductivity fall comfortably

within the range of historical changes in unit sdst our comparator sectors, and thus
satisfy this cross-check.

Table 5.3
Cross-Check Against Real Unit Cost Growth

Network Investment Operational Activities

Estimated Long Term Averages (NERA Mid-Point)

Real Price Effect 1.0% 1.2%
Ongoing Efficiency 0.6% 0.7%
Net Effect (or change in unit cost) 0.3% 0.4%

Real Unit Cost Changes (EU KLEMS)

DPCR5 Sub-Sectors Average (1970-2007) -0.4% -0.2%
Upper Bound DPCR5 Sub-Sector (1970-2007) 0.6% 1.4%
Lower Bound DPCR5 Sub-Sector (1970-2007) -2.4% -2.2%

Output Price Indices (BIS)
COPI (1970-2012) 0.8%

IOPI (1980-2012) -1.3%

Source: NERA analysis. Upper bound comparator sector is Construction, lower bound is Manufacture
of Electrical and Optical Equipment.
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Appendix A. Identifying Real Price Effects

This Appendix presents the results of our reviewhefhistorical data series for each
category of inputs identified by Ofgem and idelsfiwhich series we used to calculate our
final RPEs. The Appendix proceeds as follows:

= SectionA.1 explains our method for selecting series;

= SectionA.2 sets out our review of labour cost indices;

= SectionA.3 sets out our review of materials cost indices;

= SectionA.4 sets out our review of plant and equipment audites; and

= SectionA.5 sets out our review of transport & other indice
A.1. Overview of Method

In order to facilitate regulatory scrutiny, we rewied data from publicly available sources or
data to which we understand Ofgem has accessbds$teavailable source for publicly
available historical price indices is the Office Mational Statistics. We reviewed ONS
series in detail. At RIIO-T1/GD1, Ofgem presentetiadrom the British Electrotechnical and
Allied Manufacturers Association (BEAMA) and theiBling Cost Information Service
(BCIS). We included BEAMA and BCIS data in our iew.

Ouir first step was to review the data and methagletoavailable from the Office for
National Statistics (ONS), BEAMA and BCIS data.offrthe available indices of earnings
and producer price indices, we identified a longlispossible data sources for calculating
RPEs, comprising:

» Data used by Ofgem at RIIO-T1/GD1; and

= Data that related to cost items employed by artrétég distribution network (for
example, wires and cables, electrical equipmentsanah).

Our second step was to refine this longlist of fadeslata sources into a recommended set
for calculating RPEs. In order to select the appate series from this long list, we
evaluated each series in the long list accordirtgedollowing criteria:

= Coverage,;
= |nformational value; and

= Empirical fit.

We present the results of this evaluation in thiefdng sections.
A.2. Labour Costs

A2.1. Relevant indices and coverage

TableA.1 shows the longlist of series we identified frédme ONS, BCIS and BEAMA as
potential candidates for use in calculating RPEs.
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Table A.1
Relevant Labour Indices
Type Source Available Inhdex Cescription
AEI ONS Jan 1990 - [Private Sector incl. |Awverage earnings index, discontinued by the
Jul 2010 Bonus ONS and replaced by the AWE.
AWE |ONS Jan 2000 - |Private Sector incl. ["AWE is designed to produce robust estimates
Nov 2012 [Bonus at whole economy lewel. The major strength of
the MWSS is that it provides comprehensive
information on earnings by industry. ONS
publishes series for eight higher-level sectors
and 24 lower-lewel industries."
AWE |ONS Jan 2000 - |Construction Includes "construction of utility projects for
Nov 2012 electricity and telecommunication”, and
"electrical installation”.
AWE |ONS Jan 2000 - |Transport Includes "warehousing and storage" and
Nov 2012 "support activities for transportation”.
AWE |ONS Jan 2000 - |Manufacturing - Includes "substantial alteration, renovation or
Nov 2012 |Engineering & Allied|reconstruction of goods."
Industries
AWE |ONS Jan 2000 - [Electricity, Gas and |Includes "operation of distribution systems (i.e.,
Nov 2012 |Water Supply consisting of lines, poles, meters, and wiring)
that conwey electric power received from the
generation facility or the transmission system to
the final consumer.”
PAFI |BCIS Jan 1977 - |Electrical Used by industry to update costs of electrical
Jan 2013 (Installations - Cost |installation contracts. Index drawn from ONS
of Labour data and national labour agreements.
PAFI |BEAMA Jan 1970 - |Electrical Labour Used by industry to update costs of electrical
Jan 2013 labour contracts. Awverage earnings in the
electrical labour sector.

Source: ONS™, BCIS®', BEAMA.
Formula Index”.

AWE is “Average Weekly Earnings”; PAFI is “Price Adjustment

As private companies, one possible proxy for lalmmsts faced by distribution networks and
also used by Ofgem at RIIO-T1/GD1 is the “Privagetdr Average Weekly Earnings”
published by the ONS. This data series clearlyecothe input costs of an electricity
distribution network, as it is drawn from the witeslevant sample, the private sector as a
whole. We also consider the discontinued “Privizg¢etor Average Earnings Index” to be an
equally valid measure, as the difference in themw#dhe two series (during the period data
was available for both) is only 0.1%. This simiiais shown in Figuré\.1, where we
examine real changes in AWE and AEI from Januag01® November 201%. The

% ONS, Information Paper, 18 November 2011, pag@NeS, UK Standard Industrial Classification of Ecic
Activities 2007 (SIC 2007): Structure and Explamptdotes, 2009, pages 39, 43, 71, 143.

57 BCIS, Building Cost Index Models, 1997.
%8 Email from Emmanuel Amoakohene, Head of StatisBE&SAMA, 5 March 2013.

% Calculated as % change in wages y.o.y. - % chamBe! y.o.y.
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average rate of real wage growth is 0.83% per anonenthis period, which falls to 0.24%
during the period January 2000 to November 281Pherefore, we think that by including
the older AEI data, we provide a more represergatigw of the long term trend.

Figure A.1
Real Wage Growth (% y.0.y.) In The Private Sector

N > \2] A (©) N & 2 QA O N
N N A
— Private Sector (Discontinued) (ONS) - Private Sector (ONS)

Source: NERA analysis of ONS data.

The labour costs faced by a distribution compasg aiclude factors specific to certain
industrial sectors. We therefore selected theetbread industrial sectors available from the
ONS AWE classification that cover operations caroeit by electricity networks, such as
construction of utility projects, warehousing amgj@eering works. The suitable indices of
average weekly earnings are Construction, TrangputtStorage, and Manufacturing -
Engineering and Allied Industries, which we predgarfigureA.2. Similar to wage growth

in the private sector over the same period, thedasitries averaged 0.33% from January
2000 to November 2012.

0 Average of monthly data, estimated real changsyy.
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Figure A.2
Real Wage Growth (% y.0.y.) In Broad Sub-Sectors
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=== Private Sector (ONS)

Manufacturing - Eng. and Allied Industries (ONS)

Construction (ONS)
Source: NERA analysis of ONS data.

Transport and Storage (ONS)

Finally, we looked at indices available from the ®&ind specialist providers which provide
specific coverage of the cost of labour in the teleity industry. The ONS produces an
index of average weekly earnings in the electrjcitsiter, and gas supply industries, and
specialist providers BCIS and BEAMA produce indiogésiverage earnings used to update
contractually agreed wage rates. These indicebkatg to provide the closest mapping to
the costs of an electricity distribution networkoyided the sample from which the series is
estimated is sufficiently large.

Firstly, we compared the two average weekly eamsggies in Figurd.3. We note that the
ONS measure shows a much higher level of volatitign the measures presented in Figure
A.2. The average real wage growth in this sectms v0.61%. Secondly, we compare
specialist earnings indices with data from the ggevsector from January 1990 (when our
private sector data begins) to November 2012 inrei§.4. The average real wage growth
over that period was 2.22%.
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Figure A.3
Real Wage Growth (% y.0.y.) In Electricity (ONS Dat a)
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Source: NERA analysis of ONS data.

Figure A4
Real Wage Growth (% y.o.y.) In Electricity Specific ~ Sub-Sectors

15.0%

10.0%

5.0%

0.0%

-5.0%

-10.0%

@q\ '\Qgrb
N N N N

== Private Sector (AWE + AEI) Electrical Labour (BEAMA) Electrical Installations - Labour (BCIS)

Source: NERA analysis of ONS, BEAMA and BCIS data.

All of the series we examined may provide somedatibn of the labour costs of the
electricity distribution networks. The indices fisbed by the ONS, BCIS and BEAMA
provide the best coverage of the specialist lalosts in the electricity industry. We note,
however, that DNOs employ a variety of staff, nbbAwhom may qualify for the
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definitions of specific sectoral indices such ac#lcal labour. For example, accounting,
clerical and administrative staff may not be coddrg the “electrical labour” index.

A.2.2. Informational value & evidence for sectoral adjustments

Indices drawn from small samples tend to be motatie than large samples. A small
number of erroneous or anomalous data points @ndsitimates drawn from small samples,
especially given short sample periods. In genénalefore, broader indices with longer time
series available are likely to provide a betteidation of the input cost category being
measured.

FigureA.1 to FigureA.4 show the possible impact of small sample siaeke relative
volatility of the different data series. Of thalices we have reviewed the Electricity, Gas
and Water Supply index published by the ONS islost volatile. By contrast, the private
sector wages index is less volatile, reflectingrgér survey size.

We also note that the ONS provides comparable tngiesvel data on average weekly
earnings no earlier than January 2000. By contthetBCIS data series on electrical labour
goes back to 1977 and the BEAMA data even furtioet970.

Nonetheless, time series data from smaller sangpeisshorter periods may provide a useful
indication of the costs of electricity distributioetworks to the extent that these data
measure the costs of electricity distribution basges more closely and provide significantly
different evidence to broader indices.

We considered whether the observable differencedsat the real price effect in private
sector wages and different sub-sectors was evidgineépremium” for specialist labour, or
could be the result of random sampling error. \&tedeicted a “difference of means” test to
test this. We examined the mean and varianceatf e AWE series over the period
January 2000 to November 2012 (the period for WAN¥E data is available) and tested
whether this was “significantly different” from tmean for the private sector. We also
tested the specialist series data from January (tB80ongest period AEI data is available)
to November 2012. If a series has the same aveeadjeate of wage growth as the private
sector this would suggest that factors affectingevgrowth in that sector are not
significantly different to the private sector awlole.

In TableA.2 we present the result of these tests for the $ab-sectors which we presented
data on in Figurd.2 and FiguréA.3. The null hypothesis of the test was that ts&tties had
an evolution over time that was not significantiffatent. The “p-value” indicates the
confidence with which we can reject the null hystis. For example, a “p-value” of 0.05
indicates we can reject the null hypothesis witkoQfnfidence. In Tabla.2, the low p-

value for electricity, gas and water supply suggésat the average real rate of wage growth
in that sub-sector is significantly different teetprivate sector. By contrast, we cannot reject
the null for the other sub-sectors, which thereftmenot offer additional information about
the evolution of real wages.
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Table A.2
Difference of Means Test (Independent Samples): Bro  ad Sectors

Std. Sample SRl Test

Mean Sampling

o Statistic
Distribution

Deviation Size

Private Sector (AWE)

Construction 0.17% 3.57% 143 0.36% -0.176 0.860
Transport & Storage 0.50% 2.58% 143 0.29% 0.900 0.370
Engineering & Allied 0.31% 2.03% 143 0.26% 0.298 0.766
Elec, Gas and Water -0.61% 3.86% 143 0.38% -2.233 0.027

Source: NERA analysis. Sample: January 2000 to November 2012.

In TableA.3 we present our results for the electricity sfieandices shown in Figuré.4,
which we tested against the AWE and AEI seriesrivipe sector earnings (forming a time
series going back to January 1990). We noted athateghe length of these series
contributes to their lower level of volatility, wdh is especially true for the BEAMA index.
Likewise, p-values close to zero indicate we camnfidently reject the hypothesis that
average real wage growth measured by these indi@egial to growth in the private sector
as a whole. The results present a mixed picture:

» the wages index for Electricity, Gas and Water Suplower on average than the
private sector as a whole; whilst

» the wages indices for electrical labour and labouelectrical installations are higher on
average than the private sector as a whole.

Table A.3
Difference of Means Test (Independent Samples): Ele  ctricity Sector

Std. Sample S8, @i Test

Mean Sampling P-value

Deviation Size e Statistic
Distribution

Private Sector (AWE + AEI) 0.18%
Elec Labour (BEAMA) 1.76% 2.22% 263 0.19% 4,971 0.000
Elec Installation (BCIS) 1.72% 3.07% 263 0.23% 3.922 0.000

Source: NERA analysis. Sample: January 1990 to November 2012.

The evidence from the ONS “Electricity, Gas and &/&upply” index may be misleading
for the following reasons:

» The index of wages for electricity, gas and watgpdy is the most volatile (measured by
its standard deviation), possibly indicating a $reample;

= The ONS also draws the index from a shorter timm@ggsince 2000) than the other
electricity sector indices; and

= Negative real wage growth suggests this measureb@agpturing post-privatisation
effects in reducing the wages of staff, which mayneflect the future evolution of costs.

We consider that the index of wages for electrjaygs and water supply may be a less
reliable basis for calculating RPEs than alterrtsector-specific indices. Moreover, we
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believe that the BEAMA index, drawn from the longpsriod and displaying the least
volatility since 1990, is likely to present the rhascurate picture of the long term trend in
real wage growth in the sector.

Therefore, there is evidence for a real wage prematiapproximately 0.9% for electrical
labour. We recommend including this premium, accbanting for non-specialist staff, by
taking an unweighted average of both the Privad@&AWE and AEI and the Electrical
Labour index available from BEAMA over the periahdiary 1990 to November 2012. For
consistency with our short term forecasts, a réfle@remium should also be added to the
HMT forecasts of near term earnings growth.

A.2.3. Empirical fit to UKPN'’s data

We have examined the unit labour costs that UKRedainsofar as this is possible from the
data they have provided us with, to cross-checkcoanclusions in Sectiol.2.2. UKPN
provided us with data on the pay settlements dalisur force covered by a “Collective
Agreement” from 2006 -2012. Tabte4 shows that UKPN'’s actual costs have shown
evidence of a premium above the private sectortadeny The sample of data we have
available to draw this conclusion is limited, so evaploy it only as a cross-check. We note
that UKPN’s unit labour costs have risen more gyicker the last seven years than private
sector wages or electrical labour more generally.

Table A.4
Change in Unit Labour Costs (Nominal, % change y.o. v.)
Wage Growth Private Sector AWE Electrical Labour

UKPN ONS BEAMA
2006 4.3% 5.0% 2.6%
2007 4.6% 5.3% 5.2%
2008 4.7% 3.5% 3.4%
2009 2.5% -1.0% 3.5%
2010 2.0% 2.0% 3.5%
2011 3.5% 2.5% 1.7%
2012 3.9% 1.4% 1.8%
Average 3.6% 2.7% 3.1%

Source: NERA analysis of UKPN, ONS and BEAMA data.
A.2.4. Conclusion
Our conclusions are as follows:

= Coverage:The index of wages in the private sector offersaabler base and a deeper
sample than the more sector-specific indices. H@rother hand, specialist indices exist
for electrical labour which give specific coveragfeDNQO’s costs, and demonstrate a
statistically significant difference from the priessector as a whole. In practice, we
recognise that DNOs employ a variety of labour sypt all of which will fall within the
category of electrical labour.

» Informational Value: The broad sectoral indices offer similar restdtghe private
sector as a whole. Although sector specific ingli@ee based on smaller samples, these
indices appear to offer substantially differentutessto the private sector as a whole. The
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BEAMA Electrical Labour index is available from 1®#vhich may help to eliminate any
small-sample bias.

= Empirical Fit: The data available on unit costs for labour wastéid) however we note
that in the recent past, UKPN’s unit labour costgenrisen more quickly than the private
sector as a whole, or the index for electrical tabo

On the basis of this assessment, we selecteddke& of Private Sector Average Weekly
Earnings published by the ONS and the Electricaloua index published by BEAMA as the
most suitable for calculating RPEs.

A.3. Materials Costs

A.3.1. Relevant indices and coverage

UKPN has led us to understand that the breakdovits ekpenditure on materials has not
changed since our review at DPCR5. These are:

= Transformers and Switchgear (25%);
= Cables (30%); and
=  Other (45%).

We assembled a variety of indices covering the nateosts from the ONS, BCIS, and
BEAMA and including series reviewed by Ofgem at®IT1/GD1. In practice, we found
that a wide variety of series were available alffosome such as producer price indices
measuring the cost of copper wire were availablefty two or three years. Such series
would only include the impact of the recent recassind would be unlikely to offer a
reasonable estimate for RPEs over RIIO ED1. TAlepresents the indices that were
available for longer time periods, including ONSadthat is not available online.
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Table A.5
Relevant Materials Indices
Type Source Available Inhdex Cescription
RCI BIS Q1 1990 - Q2 |Resource Cost Index: "The Resource Cost Indices are w eighted averages of
2012 Infrastructure Materials the [BCIS] Price Adjustment Formulae Indices",
w eighted to measure the movement in material input
costs.
PAFI BCIS Jan 1991 - Pipes and Accessories: Weighted average of relevant sub-series.
Jan 2013 Copper
PAFI BCIS Jan 1991 - Pipes and Accessories: Weighted average of relevant sub-series.
Jan 2013 Aluminium
PAFI BCIS Jan 1991 - Pipes and Accessories: Steel |Weighted average of relevant sub-series.
Jan 2013
PAFI BEAMA|Jan 1970 - Basic Bectrical Equipment Weighted average of 72 PPIs, including: 14% petroleum
Dec 2012 products, 3% imported iron and steel, 3% imported non-
ferrous metals, 2% general mechanical engineering
services, etc.
PPI ONS Jan 1996 - Manufacture of Copper Includes "the manufacture of fuse wire or strip" and
Jan 2013 "manufacture of wire of these metals by draw ing".
PPI ONS Jan 1996 - Manufacture of Basic Metals  |Includes "cold draw ing of wire" and "casting of
Jan 2013 metals".
PPI ONS Jan 1996 - Manufacture of Basic Iron, Sub-set of Basic Metals, includes "manufacture of
Jan 2013 Steel and Ferro-Alloys tubes, pipes, hollow profiles and related fittings, of
steel".
PPI ONS Jan 1996 - Manufacture of Other Non- Sub-set of Basic Metals, includes production of non-
Jan 2013 Ferrous Metals ferrous metals.
PPI ONS Jan 1996 - Manufacture of Hectricity Includes "manufacture of pow er circuit breakers" and
Jan 2013 Distribution and Control "manufacture of pow er switching equipment" i.e.
Apparatus switchgear.
PPI ONS 1987-1996 Manufacture of Hectricity Older series based on SIC 1992 classification (available
Distribution and Control in print editions of Annual Abstract of Statistics).
Apparatus
PPI ONS Jan 1996 - Manufacture of Eectric Motors, |Includes "manufacture of all electric motors and
Jan 2013 Generators and Transformers [transformers: AC, DC and AC/DC."
PPI ONS 1987-1996 Manufacture of Hectric Motors,|Older series based on SIC 1992 classification (available
Generators and Transformers |in print editions of Annual Abstract of Statistics).
PPI ONS Jan 1996 - Manufacture of Other Inlcudes the manufacture of insulated wires.
Jan 2013 Electronics and Hectric Wires
PPI ONS 1987-1996 Manufacture of Insulated Wires|Older series based on SIC 1992 classification (available
and Cables in print editions of Annual Abstract of Statistics).
PPI ONS Jan 1996 - Manufacture of Cold Draw n Sub-set of Manufacture of Basic Metals.
Jan 2013 Wire
PPI ONS 1987-1996 Manufacture of Cold Draw n Older series based on SIC 1992 classification (available
Products in print editions of Annual Abstract of Statistics).

Source: BIS™, BCIS, BEAMA'™, ONS”.

The “RCI Infrastructure Materials” index, used bfgém at RIIO-T1/GD1, shown in Figure

A.5, captures the broad range of materials cosedféy a distribution network. We suggest

71

BIS, Construction Resource Cost Indices NotesDefihitions, page 4.

2 Email from Emmanuel Amoakohene, Head of StatisBEAMA, 5 March 2013.

™ ONS, UK Standard Industrial Classification of Bomic Activities 2007 (SIC 2007): Structure and Exmtory Notes,
2009, pages 33, 34, 106, 117, 118; Annual AbsttStatistics 1997, 1998: Tables 18.1 — 18.4.
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that it provides a good proxy for the “Other” caiggof material expenditure incurred by
UKPN. The average real price growth from Q1 19902 2012 was 1.92%.

Figure A5
Real Price Growth (% y.o0.y.) In Infrastructure Mate rials
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Source: NERA analysis of BIS FOCOS data. Data is quarterly.

We also examined more specific sectors that mightige coverage of the costs of a
distribution network. Firstly, we looked at the PlAndices published by the BCIS. These
contain indices of the costs of metal piping. 8ittee input prices of metal pipes are likely to
respond to the same pressures as metal produckdyseDNO, such as cables and
transformers, these indices could provide a goodypfor the input prices of DNOs.

We depict the evolution of real price changes ofaingiping in FigureA.6. The price of

piping appears to be extremely volatile, especihit of copper. However, the average
picture of real price growth is broadly similarttee RCI Infrastructure index: from January
1991 to January 2013, the average real price gravethsured by the PAFI indices for copper,
steel and aluminium piping was 1.21%.
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Figure A.6
Real Price Growth (% y.0.y.) In Metal Piping PAFI

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
-10.00%
-20.00%
-30.00%

RSO S S (]900 g & (]90@ q/@‘b S

N2 N N N2 N2 N4 N

— PAFI Copper Pipes (BCIS) PAFI Aluminium Pipes (BCIS)

— PAFI| Steel Pipes (BCIS)
Source: NERA analysis of BCIS data.

Similarly, we also considered producer price inditteat would provide a reflection of the
prices of manufactured materials purchased bytalaison network. We assembled the
PPIs for the manufacture of basic metals, coppamn,and steel, and non-ferrous metals, as

shown in FiguréA.7. As indicated in Tabl&.5, these indices include the manufacturing cost

of drawing wire. The price of these inputs is Witda with year on year real changes in the

measured price of copper as great as 90% in Ma§.200ese indices also present a largely

consistent picture of rising real input prices otmere at an average rate of 1.43% per year.
We note that distribution networks do not use thessc materials directly and therefore
these indices provide less direct coverage of tis¢scof DNOs. As inputs into the

manufactured products DNOs purchase, commoditiespprovide a useful indication of the

trends in the prices of these products.
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Figure A.7
Real Price Growth (% y.0.y.) In Commodities PPI
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Source: NERA analysis of ONS data.

Finally, we assembled a set of indices specifitiéoelectricity industry. These include
indices published by the ONS and a measure ofribe pf electrical equipment published by
BEAMA (which is itself a weighted average of 72 ividual PPIs). We first considered

those series relevant to the costs of transforameasswitchgear, shown in Figu#e8. These
series provide effective coverage of the costalactricity distribution network. The
“Electricity Distribution and Control Apparatus” PRcludes the cost of manufacturing
switchgear, whilst the “Electric Motors, Generatarsl Transformers” PPI includes
distribution transformers. The average annual gnawthese three series since January 1996
is negative, at -0.82%.
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Figure A.8
Real Price Growth (% y.0.y.) In Transformers And Sw itchgear
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Source: NERA analysis of ONS and BEAMA data.

Finally, we considered indices specifically targe& the cost of cables. The series “Other
Electronic and Electric Wires and Cables” targhtsdost of manufactured insulated cables,
whilst “Cold Drawn Wire” isolates another componegievant to the price of cables. The
average real growth of these indices since Jarl@9¢ is 2.63%%. In Figuk.9 we

illustrate how changes in each series are highisetated with growth in commaodities PPIs,
with reference to copper and steel and other fermetals (including aluminium).
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Figure A.9
Real Price Growth (% y.0.y.) In Cables and Wires
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A.3.2. Informational Value

The PPI series published by the ONS only exten# @996, but can be supplemented
with older data dating back to 1987 available imged publications? Therefore, there is
less potential for bias due to a short sample der®CIS and BIS indices, available from
January 1990, are more reliable still as they empa®®s at least one entire business cycle.
BEAMA data, available from 1970, also avoids anyaBrsample period problems.

As for our assessment of labour indices, the evidesnggests that a combination of broader
indices of materials costs and electricity secparctfic series may best reflect the RPEs faced
by DNOs:

» The “RCI Infrastructure Materials” index is a weigtl average of a wide range of PAFI
series reflecting the costs of general materiadgiadion. As such, it is not clear that
adding narrower PAFI series adds much informatieahle, unless those sub-indices
evolve significantly differently over time (whictopper pipes appear to have done, see
FigureA.6) and reflect important categories of costs.

= Broadly speaking, commodities series are the mastile, likely due to the underlying
volatility in the prices of the products ratherrteampling error. Over the sample period
available commodities have experienced a similarage rate of growth to broader
indices of materials costs.

7 ONS, Annual Abstract of Statistics, passim.
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= Electricity sector specific series are likely tdyren smaller samples, but we note that the
general evolution of the costs of electricity sechaterials has been, on average lower
for transformers and switchgear (at around -1.0%i tcables (at around 2.6%).

A.3.3. Fit to UKPN data

Data on materials input costs were not been availaer the longer term. UKPN provided
us with some data on the prices of transformershased under recent contracts, which were
indexed to commodity prices. It has been possbtlculate the effective price that UKPN
would have paid each month under these contragtoture transformers, since September
2008.

In FigureA.10 we compare this (rebased) price to the PPIE@ctric Motors, Generators
and Transformers”. The contract prices appeaetmbre volatile than the index of “Electric
Motors, Generators and Transformers”, possiblytherfollowing reasons:

= The PPI reflects both the evolution within contsaicidexed to commodities prices and
the strike price set under new contracts;

= The PPI includes a slightly wider base of products;

= UKPN'’s price for transformers under the contracyymat reflect market prices as a
whole at any given instant, given that UKPN sigtteslcontract with a predetermined
price formula ex ante;

= Exchange rate movements may also influence theaxrgrice, as well as commodity
price fluctuations.

On the basis of this small sample it is difficdtastablish whether there is an “empirical fit”
between UKPN’s costs and PPIs.
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Figure A.10
Evolution of Transformers Contract Cost
(Nominal Index — Rebased to 2008)
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Source: NERA analysis of UKPN, ONS data.

A.3.4. Conclusion
Our conclusions are as follows:

= Coverage:The ONS publishes PPIs covering a broad range t#rmaks, commodities
and specific electrical equipment (including sepanadices for wires, transformers and
control apparatus). UKPN has provided a breakdofats materials costs into
Transformers and Switchgear (25%), Cables (30%g),&ther materials (45%). The
separate indices for transformers and control appsrand cables offer coverage of the
first two sub-categories. “Other materials” inaua broader range of materials for which
a more general index might be appropriate.

» Informational Value: Resource cost indices are available for broaggoaies of costs
which include the materials costs incurred by DN@#ectricity-specific indices are
available and appear to evolve differently from engeneral resource costs over time.
The difference between electricity specific indie@sl resource cost indices suggests that
a general resource cost index may not capturevitieteon of all of a DNO’s costs.

= Empirical Fit: The data available on unit costs was limited. @nalysis shows that the
costs incurred by UKPN under its medium-term carigr@o not closely follow the
relevant PPIs. The differences may reflect thieddhce in prevailing market prices
between the date of contract signature and prittamsformers at the point of purchase.

We calculated a RPE for materials using a basketaiérials costs. We selected specific
indices for the separately identifiable categoaematerials costs on the basis that these
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series most closely reflect the evolution of thdenying unit costs of materials. For the
remaining categories of costs we used the broaafeastructure materials index with the
longest available data series:

= Transformers & Switchgear (25% of total materials): we used an equal weighting of
“Electric Motors, Generators and Transformers” BRd “Electricity Distribution and
Control Apparatus” PPI, because there was no abgbasis for excluding either. We
supplemented the ONS data available since 1996 Z802) with earlier data that dates
back to 1987 (SIC 1992);

» Wires and Cables (30% of total materials)we used an equal weighting of the “Cold
Drawn Wire” PPl and “Other Electronic and ElecWitres and Cables” PPI. We
supplemented the ONS data available since 19962802) with earlier data that dates
back to 1987 (SIC 199%) and

= Other materials (45% of total materials): we used the “Infrastructure Resource Cost
Index” as a broad index tracking materials costkvhare not specific to DNOs. We
supplemented quarterly data from 1990 onwards anthual data to make a comparable
time series available from 1987.

Figure A.11
Recommended Series & Averaging Period: Transformers & Switchgear
(Real % change y.o.y.)
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Source: NERA analysis of ONS data.

S We used “Cold Drawn Products” (PPVY) to suppleti€old Drawn Wire” (JV2C), and “Insulated Wiresdn

Cables” (PQFE) to supplement “Other Electronic Biettric Wires and Cables” (K32F).
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Figure A.12
Recommended Series & Averaging Period: Cables
(Real % change y.o.y.)
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Source: NERA analysis of ONS data.

Figure A.13
Recommended Series & Averaging Period: Other
(Real % change y.o.y.)
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A.4. Plant and Equipment Costs

A.4.1. Relevant indices and coverage

We reviewed the methodology for the ONS, BCIS aBABIA indices that are likely to
provide coverage of the costs of the plant andpgent costs of a DNO. Tabfe6 contains
the relevant indices.

Table A.6
Relevant Plant and Equipment Indices
Type Source Available Ihdex Cescription
PAFI |BCIS |Jan 1977 - |Plant and Road Vehicles |Weighted average of relevant sub-series.
Jan 2013
PPI ONS |Jan 1996 - [Machinery and Equipment|Includes the manufacture of general purpose
Jan 2013 |Input machinery, excluding eletrical equipment
PPI ONS [Jan 1996 - [Machinery and Equipment|Iincludes the manufacture of general purpose
Jan 2013 |Output machinery, excluding eletrical equipment
PPI ONS [Jan 1996 - |Electrical and Optical Includes the manufacture of specialist
Jan 2013 [Equipment Input machinery, such as transfomers and
distribution apparatus.
PPI ONS |Jan 1996 - |Electrical and Optical Includes the manufacture of specialist
Jan 2013 [Equipment Output machinery, such as transfomers and
distribution apparatus.
PPI ONS [Jan 1996 - |Wiring and Wiring Includes the "manufacture of current-carrying
Jan 2013 |De\ices wiring devices and non current-carrying wiring
devices for wiring electrical circuits regardless
of material."
PPI ONS [1987-1996 [Machinery and Equipment|Older series based on SIC 1992 classification
Input (available in print editions of Annual Abstract
of Statistics).
PPI ONS |1987-1996 [Machinery and Equipment|Older series based on SIC 1992 classification
Output (available in print editions of Annual Abstract
of Statistics).
PPI ONS |1987-1996 |Electrical and Optical Older series based on SIC 1992 classification
Equipment Input (available in print editions of Annual Abstract
of Statistics).
PPI ONS |1987-1996 |Electrical and Optical Older series based on SIC 1992 classification
Equipment Output (available in print editions of Annual Abstract
of Statistics).

Source: BCIS, ONS".
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ONS, UK Standard Industrial Classification of Bomic Activities 2007 (SIC 2007): Structure and Exptory Notes,
2009, pages 34 — 35, 118: ONS, Annual Abstractafisics, 1997,1998, Tables 18.1-18.4.
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The baseline for our comparison was the PAFI inafgddant and roads vehicles published by
the BCIS. This index has a large sample avail@ilee 1977) and it provides coverage of
the general cost of plant and equipment faced bpdumstrial firm The average real growth
in this series over the period January 1977 toalgn2013 was -0.34%.

Figure A.14
Real Price Growth (% y.0.y.) In PAFI Plant and Road  Vehicles
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Source: NERA analysis of BCIS data.

We also examined two sets of more specific indicHse first, “Machinery and Equipment”,
covers the non-specialised equipment requirembatsatdistribution network may face. We
examined both input and output PPIs, which togetiaelra long term real average of -1.41%
p.a. from January 1996 to January 2013.

These indices are likely to provide coverage ofaheipment costs of a DNO as they include
the prices of the “manufacture of machinery andmgeant that acts independently on
materials either mechanically or thermally or perfe operations on materials (such as
handling, spraying, weighing or packinf)"This includes the mobile and fixed equipment
requirements of a DNO.

7 ONS, UK Standard Industrial Classification of Bomic Activities 2007 (SIC 2007): Structure and Exmtory Notes,

2009, page 121.
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Figure A.15
Real Price Growth (% y.0.y.) In Machinery and Equip  ment

10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

-2.00%
-4.00%
-6.00%

o o A S)
S ¢ S S N
® ® o P P P

——Machinery and Equipment Output PPl (ONS) ——Machinery and Equipment Input PPl (ONS)
Source: NERA analysis of ONS data.

Finally, we examined the PPI of “Electrical Equiprtieand its most relevant sub-sets
(“Wiring and Wiring Devices” and “Other Electricelquipment”). These indices are likely
to be targeted at the input prices faced by artredég network, but including all of them
would involve double-counting certain sectors. TBEctrical Equipment” PPI, for example,
includes the prices of electric transformers ad agdistribution and control apparatus. In
SectionA.3.1. we argued that these prices are relevathtetanaterials cost faced by a DNO,
and therefore we do not consider them to be tadgstequipment costs.

Likewise, the series “Wiring and Wiring Devices'tlades items relevant to a DNO’s costs,
but not necessarily its equipment costs. Wiringaks include transmission pole and line
and electrical conduit fittings. However, it aiscludes the manufacture of insulated cables,
which we identified in SectioA.3 as a material input.

The average real growth in all these series fromudy 1996 to January 2013 was -1.23%
p.a..
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Figure A.16
Real Price Growth (% y.o.y.) In Electrical Sector P PI
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Source: NERA analysis of ONS data.

A4.2. Informational value

The PPI series run from January 1996 to Januar$.2@ver the period they present a
consistent picture of falling equipment pricesthia range -1.41% to -0.34%. No individual
series displays unusual volatility that indicatas drawn from a small sample.

A.4.3. Empirical Fit

UKPN were unable to provide a long series of ptart equipment costs which were
comparable to the PPI series we identified.

A4.A4. Conclusion

= Coverage:We conclude that a series of Plant and Road Vetids well as the two
Machinery and Equipment PPIs, effectively coverdbaeral input prices faced by a
DNO. The indices which cover the electricity inttysmore specifically, among them
Electrical Equipment, measure the input pricesashs such as transformers which we
consider to be a part of materials cost;

» [Informational Value: All the indices we assessed indicated that thea@stl of plant
and equipment has been falling in real terms aweg.t Our recommended indices agree
with this trend

= Empirical Fit: Not applicable.

Our final RPE recommendation is an unweighted ayeed three series, as long term series
which reflect the costs of UKPN’s plant and equipine
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1. PAFI Plant and Road Vehicles;
2. Machinery and Equipment input PPI; and
3. Machinery and Equipment output PPI.

We append earlier ONS data (dashed lines in Fi§uk€) to the two PPI series, increasing
the averaging period to 1987-2012.

Figure A.17
Recommended Series And Averaging Period: Plant and Equipment
(Real % change y.o.y.)
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Source: NERA analysis of BCIS and ONS data.

A.5. Transport & Other

We surveyed data available from ONS and specpi@tiders, but did not find any series
which seemed particularly applicable to this aremjput costs. We therefore did not have an
objective basis to judge the trend in input priadative to RPI, and as such recommend an
RPI of 0%.

A.6. Indicative RPEs

In TableA.7 we present the indicative RPEs calculated ugiegnethod stated above. For
2012/13, we take the average of the monthly figtmasare currently available for the
financial year. For the long term average we heeperiods we have described above: 1990-
2012 for labour, 1988-2012 for materials, and 19882 for equipment and plant.

All outturn real price effects in 2012/13 are n@gatdue to the prevailing macroeconomic
conditions. In the long term, we assume that pgioevth will return to its long term trend.
For labour, this is an average real increase &f61181% for materials, and costs falling by
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0.6% for plant and equipment. We note that owltesre similar to those used by Ofgem at
RIIO — ET1, also shown.

Table A.7
Indicative RPEs

2012/13 Long Term Average Ofgem RIIO - ET1
Labour -1.1% 1.3% 1.5%
Materials -2.0% 1.1% 1.6%
Equipment & Plant -2.6% -0.6% -0.9%
Other 0.0% 0.0% 0.0%

Source: NERA analysis, Ofgem.
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Appendix B. Calculating Productivity Measures

B.1. Calculating Total Factor Productivity

We used a standard calculation of total factor petiglity.”® Using total differentiation, the
identity relating gross output to factor inputs nteeydecomposed into its constituent parts as
follows:

AINGO, =siAIn X +sfAINK, +s AlnL, +A|nTFF>j?O (1)

= jisthe industry sector;

» t isthe time period (year);

= GO is the volume of gross output;

= Xis the volume of intermediate inputs;
= K is the volume of capital inputs;

= L is the volume of labour inputs;

= TFP®Cis total factor productivity; and

. sj)f is the two period average share of inpsicompensation (current prices) in the

. K L —
nominal value of gross outpui;jf +s, +s; =1).

This equation states that growth in the (log) vatumf output is identical to the weighted sum
of growth in the (log) volume of each factor of gugtion (capital, labour, intermediate
goods), plus growth in the (log) productivity of factors. Hence, since all variables except
TFP are observable, by rearranging the equation inderfé InTFP, we have an equation

which identifies growth in total factor productiit We implemented this calculation using
the EU KLEMS by using the mapping shown in Tabl&.

To calculate TFP using value added data, we peddram extremely similar calculation,
dropping intermediate inpudand redefining outpus the volume of value added, as shown
below. Since value added growth does not inclhdecompensation due to intermediate

inputs, the factor shares arg+v} =1."

AInVA, =viAInK, +viAlnL, +AInTFP/ 2)

®  Timmer, M.P., O'Mahony, M. and van Ark, B., “EULEMS Growth and Productivity Accounts: An Overview”
March 2007, page 4. Available at http://www.eukienet/data/overview_07i.pdf

®  TFP estimated from value added data will alwaygteater than TFP estimated from gross output dgtiis is

because, rearranging equations (1) and (2), TFP&/AFP(GO) x 1/Share of VA in GO.
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Table B.1
EU KLEMS Data Used

Term Source Variable(s) Description

GO GO_QI Gross output, volume indices, 1995 = 100

VA VA_ QI Gross value added, volume indices, 1995 = 100

X I_QI Intermediate inputs, wlume indices, 1995 = 100

K CAP_QI Capital senices, volume indices, 1995 = 100

L LAB_QI Labour senices, volume indices, 1995 = 100

sX I+ GO Intermediate inputs at current purchasers' prices + Gross output at
current basic prices (in millions of British Pounds)

sK CAP + GO Labour compensation + Gross output at current basic prices (in millions
of British Pounds)

st LAB + GO Capital compensation + Gross output at current basic prices (in millions
of British Pounds)

W CAP +VA Labour compensation + Gross value added at current basic prices (in
millions of British Pounds)

s LAB + VA Capital compensation + Gross value added at current basic prices (in
millions of British Pounds)

wX Il + (LAB + II) Intermediate inputs at current purchasers' prices + Labour compensation
+ intermediate inputs at current prices (in millions of British Pounds)

wh LAB + (LAB + II) Labour compensation + Labour compensation + intermediate inputs at
current prices (in millions of British Pounds)

LP LAB / LAB_QI Labour, wages index (calculated)

XP I_P Intermediate inputs, price indices, 1995 = 100

Source: NERA analysis of EU KLEMS data.
B.2. Calculating Partial Factor Productivity (Const  ant Capital)
We are also interested in the productivity attrttle to single factors, for instance labour.

We can examine this by assuming that the changegital employed per unit of output is
constant from one period to the next. Therefdre growth rates of capital and value added

output in equation (2) are equdlinVA, = AlnK, . This allows us to substitute this in to
equation (2) as follows:

AInVA, =viAInVA, +viAInL, +AInTFP" (3)
Rearranging:
@-vi)AINVA, =v;AInL, +AInTFP" 4)

Sincev}i +v].Lt =1:
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Vth (AanAjt -Aln th) :AlnTFPJ\t/A (5)

We can therefore state the equation in terms ofliffierence between growth in value added
output and growth in labour inputs. This differens the contribution of improvements in
labour productivity. Therefore, we can derive ginewth in labour productivity from
equation (5) as shown:

AInTFPY

(AInVA, -AlnL,)= y

=Aln PFP! (6)

it

By an analogous argument, we can calculate thegaiductivity improvements due to
growth in the productivity of labour, energy andterals (LEMS). We can state the LEMS
partial factor productivity measure as:

AInTFPSO

LEMS _
AlnPFPEMs = —— ]
SJ-I‘l'SJ-t

(7)

B.3. Calculating Partial Factor Productivity (Capit  al Substitution)

To calculate the LEMS productivity measure, allogvfor substitution between capital and
labour or intermediate goods, we used:

Aln PFP™%9 = AInGO, —~w"AInL, —w*Aln X (8)
= W isinputi’s share of total compensation paid to LEMS, irrent prices.
B.4. Calculating Unit Cost Measures
The change in cost per unit of output is the chandke price paid per unihinuschange in

productivity (at constant capital). We use the KLE data base to calculate the changing
unit cost of labour as follows:

AInCOST; =AInLP, —~Aln PFP; 9)
Similarly, we calculate the change in unit costtfer LEMS measure as:
Aln COSTjtLEMS =w"AInLP, +w*Aln XP, —Aln PFF’hLEMS (10)
Finally, we calculate output price growth from geriesGO_Pin the KLEMS database. To
convert these measures into real terms, we sulih@ddbgarithmic growth of the retail price
index year by year.
B.5. Sensitivity To Time Period

We examined whether our estimates of productivigyarsensitive to the time frame which
we examined, as shown in Tallde2. Most estimates were consistent across tirnth, the
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exception of Financial Intermediation (which tufr@m negative to positive). Likewise, our
whole economy and DPCR5 averages were not verytiserte® changes in timeframe.

Table B.2
Sensitivity Of TFP To Timeframe

TFP from following period start dates to 2007:

Industry Sector 1970 1990 1997

Manufacture of chemicals and chemical

products 1.3% 1.3% 1.1%

Manufacture of electrical an tical

eqii:r:gnl: e of electrical and optica 1.6% 1.7% 2206

Manufacture of transport equipment 1.0% 0.7% 0.7%

Construction 0.2% 0.2% -0.2%
le, maintenan nd repair of motor

Sale, maintenance and repair of moto 1.0% 1.3% 2.0%

wehicles; Retail sale of fuel

Transport and storage 1.2% 0.7% 0.6%

Financial intermediation -0.4% 0.6% 0.5%

Electricity, gas and water supply 0.8% 0.3% 0.2%

Unweighted average (DPCR5 sub-

Sector‘i) ge ( 0.8% 0.9% 1.0%

Unweighted awve. excl. manufacturing 0 0 0

(ET1 sub-sectors) 0.5% 0.7% 0.7%

\é\(/az?cl::st)aconomy (exc. non market 0.4% 0.7% 0.7%

Source: NERA analysis of EU KLEMS data.
B.6. Converting From Logarithms Into Percentage Ter ms

As all our results were estimated in logarithmsceaverted our estimates into percentage
terms, using the formulexp{x} -1
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Appendix C. Commodities Price Forecasts

We examined whether a robust link between tradesheodity prices and input prices for a
DNO could be established, to assess whether contynarites could form the basis of a
forecast of future input price changes. To exarttinelink, we took the ONS PPI series that
we judged to be:

= most relevant to the material input prices face@dbglectricity network; and

* most sensitive to traded commodity prices.

We selected eight candidate PPI series using trésea (shown in Tabl€.1), available
from 1996. We converted these series into reaigdyy subtracting growth in the RPI over
the same period. We compared these to three tiamachodities: crude oil, copper, and
aluminium® We converted these prices into sterling usingptiesailing spot exchange rate,
and controlled for growth in RPI to produce a seoéreal prices, stated in 1996 pounds.

To examine the relationship between the commodityep and input prices, we used
ordinary least squares regression. In each ragregshe dependent variable was the month
on month change in real input prices. The indepehdariables were lagged changes in
commodity prices. For example, in Taklel, the independent variables are the changes in
the real price of Brent crude oil from one montaypously, three months previously, six
month previously, and so forth.

Our results indicate that lagged changes in comip@dices (up to six months) have a
significant effect on some PPIs, principally “Babetals” and “Electricity Production and
Distribution”. However, the proportion of variati@xplained by these independent variables
(the “R-squared”) is generally low. Whilst thisniet a reason for rejecting a regression
model, it indicates that its predictive power viadl limited.

Therefore, in line with our recommendations madeRERS5, we do not think that there is
strong enough evidence to forecast a distributetwark’s real input prices using
commodity prices.

8  We downloaded data from the Bloomberg informasiervice on closing prices at the London Metal Exgfe for

Copper and Aluminium and ICE Brent Crude Oil 1 nhofutures.
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Table C.1
Regression of PPIs on Crude Qil

. Electrici Electrici Electric Motors, Wire Products, Othg :
Basic Metals Machlpery and Distributig; Productionthd Generators, & s I?rawn Chain and Electrgnlc gnd
Equipment L Wire . Electric Wires
and Control Distribution Transformers Springs
and Cables
K389 JV72 K696 K62B Jvac K2Z0 K32F
A Brent 0.128** -0.016 -0.043 -0.456** 0.017 0.193* 0.151* 0.095
(0.04) (0.02) (0.04) (0.15) (0.02) (0.08) (0.07) (0.09)
A Brent M3 0.168*** -0.024 -0.045 0.12 0.014 0.244** 0.157* 0.127
(0.04) (0.02) (0.04) (0.15) (0.02) (0.08) (0.07) (0.09)
A Brent M6 0.116** 0.027 0.001 0.457** 0.069*** 0.149 0.08 0.003
(0.04) (0.02) (0.04) (0.15) (0.02) (0.08) (0.07) (0.09)
A Brent M9 0.032 0.026 0.014 0.101 0.040* 0.069 -0.053 -0.06
(0.05) (0.02) (0.04) (0.16) (0.02) (0.08) (0.07) (0.09)
A Brent M12 0.027 0.015 0.047 -0.11 0.013 0.139 -0.052 -0.052
(0.05) (0.02) (0.04) (0.16) (0.02) (0.09) (0.07) (0.09)
A Brent M15 0.053 0.022 0.002 0.098 0.013 0.128 -0.099 0.049
(0.05) (0.02) (0.04) (0.16) (0.02) (0.08) (0.07) (0.09)
A Brent M18 -0.104* 0.034 0.016 0.052 0.005 -0.195* -0.206** -0.239*
(0.05) (0.02) (0.04) (0.16) (0.02) (0.09) (0.07) (0.09)
Constant -0.062 -0.104** -0.062 0.209 -0.146*** 0.078 -0.078 0.202
(0.08) (0.03) (0.07) (0.27) (0.03) (0.15) 0.12) (0.16)
R? 0.18 0.07 0.03 0.13 0.10 0.14 0.13 0.06
Observations 185 185 185 185 185 185 185 185

* p<0.05,** p<0.01,*** p<0.001
Source: NERA analysis of ONS and Bloomberg data.
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Table C.2
Regression of PPIs on Copper

Commodities Price Forecasts

Draft

ey a Electricity Electricity Electric motors, Cold Drawn Wire Products, eIectiz)t:E:rand
Basic Metals ) Distribution and Production and generators, & . Chain and .
Equipment Lo Wire . electric wires
Control Distribution transformers Springs
and cables
K385 K389 JV72 K696 K62B Jvac K2Z0 K32F
A Copper 0.002%** 0.000 0.000 -0.007*** 0.000 0.002 0.001 0.003*
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
A Copper M3 0.003*** -0.000* 0.000 0.001 0.00 0.001 0.002* 0.004***
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
A Copper M6 0.003*** 0.000 0.000 0.004* 0.001** 0.004*** 0.001 0.002
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
A Copper M9 0.001 0.000 0.001 0.002 0.000* 0.000 0.000 0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
A Copper M12 0.001* 0.000 0.000 -0.003 0.000 0.003** 0.00 0.001
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
A Copper M15 0.001* 0.000 0.000 -0.001 0.000 0.002* 0.000 0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
A Copper M18 -0.002** 0.000 0.000 0.002 0.00 -0.002* -0.003*** -0.001
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Constant -0.07 -0.095** -0.073 0.252 -0.137*** 0.117 -0.09 0.116
(0.07) (0.03) (0.06) (0.27) (0.03) (0.14) 0.12) (0.16)
R? 0.32 0.06 0.02 0.13 0.08 0.15 0.11 0.11
Observations 185 185 185 185 185 185 185 185
* p<0.05,** p<0.01,*** p<0.001
Source: NERA analysis of ONS and London Metal Exchange data.
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Table C.3
Regression of PPIs on Aluminium

DT e— Electricity Electricity Electric motors, Cold Drawn Wire Products, elect(rz[:i?:rand
Basic Metals : Distribution and Production and generators, & ! Chain and L
SefllIu S Control Distribution transformers LI Springs SEEH TIES
and cables
K385 K389 V72 K696 K62B Jvac K2Z0O K32F
A Aluminium 0.007*** 0.000 0.000 0.003 0.002 0.006 0.004 0.001
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
A Aluminium M3 0.008*** -0.002* -0.002 0.001 0.000 0.002 0.005 0.006
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
A Aluminium M6 0.008*** 0.002* 0.004* 0.003 0.003*** 0.011** 0.003 0.007
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
A Aluminium M9 0.000 0.000 -0.001 0.009 0.000 -0.001 -0.004 -0.001
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
A Aluminium M12 0.000 0.001 0.002 0.006 0.001 -0.001 -0.008** -0.004
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
A Aluminium M15 0.000 0.000 -0.001 -0.01 -0.001 0.003 -0.003 0.004
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
A Aluminium M18 0.000 0.001 0.001 -0.008 0.001 0.003 0.004 0.000
(0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.00) (0.00)
Constant 0.021 -0.089** -0.061 0.24 -0.115%+* 0.21 -0.083 0.198
(0.07) (0.03) (0.06) (0.27) (0.03) (0.15) (0.12) (0.16)
R? 0.25 0.07 0.05 0.04 0.11 0.07 0.10 0.05
Obsenvations 185 185 185 185 185 185 185 185
* p<0.05,** p<0.01,** p<0.001

Source: NERA analysis of ONS and London Metal Exchange data.
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