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1 EXECUTIVEUMMARY

This project wa initiated in order to provide real data to support the development of profiles for the P8ithati
hourly settlements of exports process. P81 allows the owpnérsicrogeneratordo sell their exports to Suppliers on
the basis on a single quarterly eoqp meter read. In order to sell on this power, the Suppliers have to know its half
hourly output profile as this is the basis on which it is priced’his is achieved by using Standard Settlement
Configurations (SSCs) that indicate an assumed expofilgorowhen P81 was set up there was limited real data
available to define these SSCs. Thaget has collected real data for 133 sitsslected from PV, wid, microCHP and
one hydro siteover aross geriod of two years.

The report analyses theesal performance ofthe different types of generators and finds that, on average, all units
produce just under 10% of the outpthat could be achieved by running at full output all year. Saites show levels
of around 1446 which might represent a target farell located sites.

The data indicates a high level of diversity in the generation output of both microCHP and wind generators. Although
the individual generators spend much of the time idle, the combined output of the units is at zero fds.688yofthe

year for microCHP and 3.5% for wind. This figure falls to 0.27% for microCHP during January alone. This indicates that
large numbers of the generators can be treated as a single generator with an output of arour2DW%f the total
combined outpu of all of the units.

For all of the sites it has been found that the proportion of export relative to power generated is relatively high,
ranging from 47% for wintb 31% forPVand microCHP. This will have significant impact on customers who do not
have export dealsind will adversely affect any payback on their systems.

A companion report bA Technolog§Refi) indicates that the P81 profile process resultsrinderate errorsn valuing
the exports compared to the vadubased on half hourly meteringThe fundamental issue for export reward remains
the low value of exports compared the high cost of servicing the paymenth is concluded thathe errors in P81 are
not large enough to justifia move to HH metering gbresent. P81remains the mostost effective processavailable
within current market rules

It follows that any improvement over P8Imust involve achangeto market rules. The most obvious option is to
combine the processes related making paymentsustomersfor exportandROG. This would require changes to the
current market rules and governance rules but would allow the cost of making these payments to be reduced, leaving
Suppliers with more cash to return to customers.

Current developmentaii snart metering should in the near futureallow transfer of data from generation meteto
import/export meter, thus bringing together the data and making its collection and processing much simpler.

It is recommended that:
1. Elexon should consider thengent SSCs used for the P81 process and make revisions as appropriate.

2. Current development of smart metering specifications should allow for the connection of a generation meter
to the import/export meter to support a combined export/ROC reward process.

3. Further analysis should be carried out on diversity effects of microCHP and wind generators. The data set
obtained by this project could support a more extensive analysis.

4. The correlation between weather forecast data and actual outputs should be exaifiappropriate forecast
data can be obtained. This should look at the accuracy of day ahead forecasts that might allow customer
demand profiles to be modified in advance of generator outputs.
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5. The data set obtained contains a wealth of information on tiperation of microgenerators. A number of
further analyses could be carried out that were outside the scope of this project. In particular, identifying the
performance of systems comprising different types of microgenerators caexamired. Also the Sninute
resolution data can be reviewed to examine the behaviour of units not shown at a 30 minute resolution.

2 INTRODUCTION

This report sets out the findings tfie ProjectK/EL/00312/00/00 Metering and Monitoring of Domestic Embedded
Generationthat hasbeen carried out by BEAMA Limited. The project has been part funddggt@echnology Strategy
Board. The project was intended to provide data on all forms of microgenerators so that Elexon could review the
standard settlement configurations that arercently used in the P81 non half hourly (NHH) export settlement process.
At the same time it was intended to use the data obtained to examine the issue of export reward and to cast light on
the actual performance of microgenerators.

The project commencg in December 2003 and included data collection from sites between Deceribérahd May

2007. The project involved a number of participants; EDF Customer Field Setvicesstalled the metersEDFEon,

Good Energynpower, who provided siteand EA Tehnologywho shared in the data atysis Elexon, the Energy
Savings Trust and OFGEM were represented on the project steering board. Finally, considerable assistance was
received from Elster Metersvho suppliedmetering equipment, data collection softwarand provided technical

support.

Meters were installed at customer sites that monitored the import/export and generation. Thesecsarected by
GSM modems that allowed 5 minute resolution profile data to be downloaded for each of these power flows and
stored in a data base at BEAMA Limited. It is this data that is analysed in this report.

A series ofinkedreports are being produced regarding the project:

1. K/EL/00312/00/00 Metering and Monitoring of Domestic Embedded Generation, P&aia Collectin and
Operational Experience

2. K/EL/00312/00/00 Metering and Monitoring of Domestic Embedded Generation, RaBdta Analysigthis
report)

3. Impact of Profiles on Settlement CosEA Technology, Linda Hull, Rob Green and Bingnihg Dai

Elexon will also palish its conclusions on the project outcormiasgdue course

3 OBJECTIVE OF PROJECT

In September 208 Elexon introduced P81, a new procedure for dealing with power exported by small generators
(initially up to 16A/phase, later increased to a maximum of 3Qkykhinal capacity on the site). This relieved the
owners of such generators from a previous requirement to settle all exports with half hourly metering. Under P81, the
exported power was brought within the nemalf hourly metering arrangemento that t only had to be metered via a
single register on a nehalf hourly meter. As any Supplier purchasing the exported power would be required to trade
it on against its half hourly value, Elexon introduced a series of Standard Settl&@uogrfigurations (SSCthat could

be used to indicate when the power export occurred.

Elexon used the best generation data available to it to determine the B&CGsvailability of such data was limited.
Any error in the SSCs results in under or overpayment of the ovaidhe generators and hence it was important to
ensure their accuracylt also causes errors in the charges and payments to Suppliershis end it was agreed that
this project would be carried out in order to provide far greater quantities of dataEhexon could use to check and, if
appropriate, revise the SSCs.

Page9



K/EL/00312/00/00 Metering and Monitoring of Domestic Embedded Generation

The general issue of export reward for embedded generators was, and continues to be, a major issue. It is normal
practice to connect embedded generators in parallel with the mains sugepthe house.Because the export value of

the power is less than theost ofimported electricityit makes economic sense to use as much as possible within the
home. From this it follows that it is normal practice to connect generators to the hous®ftttie import meter.

This means that the output from the generatorilmbe used withinthe property, and, if the houseonsumption
exceeds the output from the generator, the balance can be drawn from the low voltage network. The corollary of this
is that, when the output of the generator exceeds the house consumption, the surplus will simply spill onto the low
voltage network. A major benefit of this is that ineans that the manufacturer of the generator does not have to
worry about balancing th output from the generator with the demand of the property. It also means that the low
voltage network can be used to provide voltage contrdhe major downside is that, unless the customer has made a
deal with a Supplier to purchase their export, thire power that is exported has no value and is simply lost, even
though the customer has paid to generate it.

This situation is highly unsatisfactory to the micro generators who feel that the power is simply exported to the
neighboring property who pay tle full price for the power that has just been provided free of charge by the
microgenerator. In practicethe situation is not as simple as thighich has been explained in previous stud(d!e%i).

The value to theSupplieris reduced by the Distributio Use of System charges (DUOS), amdiess it is meteredt is
shared between all Suppliers active in the area according to their share of the market.

Thus the value of the exported power is intrinsically worth less to the Supplier than they charge fombrt power.

On top of this is the cost to them of metering the power and processing the data and making the payment to the
customer. Suppliers have claimed that these costs leave little for them to offer the customer in return for the purchase
of the exported power. This issue has been examined in considerable detail in a number of r¢paxteEnergy) and

a series of reommendatiors made.

As well as providing better data for Elexon, the project intended to address a number of issues relatgubitb
reward:

1 To quantify the extenbf export from embedded generators

1 To examine the value of the exported power calculated according to a number of different approaches (dealt
with in the EAT report)

1 To examine the impact of export from multiple geatars on the low voltage network
1 To make recommendations on how export reward can be dealt with

These issues are dealt with in turn below for PV, Wind and microCHP. First, however, the data set being used is
explained and the various analyses that haeetb carried out explained.

4 REVIEW OF DATA SET

A total of 88 sites wereised in the analysiand details of thesare shown in Appendix A. For all of the sites one
calendar year of 30 minute data has been used (June 2008y 2007). Data from a totabf 133 sites was gathered
during the project but the other sites were not suitable for this analysis as their data did not cover the same annual
period as the sites used orane missing periods of data between June 2006 and May 2007.

For each site the gamation, import and export were measured. From these the site consumption was calculated from
the equation:

Joe WO i s = ) i D+ | g Pt 7 i P Equationl
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For a few sites one dfither import or exportwas unobtainablgusually because the locations of the import and
generation meters were too far apargnd for these sites theonsumption could not be calculated. Such sites have
simply been omitted from the graphs where appriie.

To allow the data sets to be compared the sites have been divided into the following groups:

Site Group Comments

Photo voltaic (PV) 31 sitesof around 1kW capacity
Large Wind 4 sites each of 20kW capacitgcated in Northern Ireland
Small Wind 9 sites, varying from 2.65 kW capacitylocated in Northern Ireland, the Midlands

and South East England’hese have been dealt with separately from the large win
sites because of a concern that their behavior might be intrinsically different terlar
turbines and also because their larger output would skew the analysis.

Hydro 1 site (this site experienced extended difficulties with GSM communications, resu
in there only being reliable register data available for analysi$iis site could ndie
statistically valid but was included simply to give some understanding of the oper;
al profile of hydro sites.

Carbon Trust DCHP 8 sites with kW WhisperGemmicroCHP units. The data for these sites was provide
by the Carbon Trusinder an exchage agreement with this project. The datame
from the Carbon¢ NXza (i (Baale§HPRldt Feld Trial programme.These sites were
not fitted with heat stores.

Lovell DCHP 35 sites with 1kW WhisperGen microCHP units. These were all installed ifl@vel
building development in Manchesteilhese sites were fitted with heat stores.

Total Sites 88 sites

Table4-1 Site Summary

It is important to understand the background to the site selection process. Pvhand wind sites were recruited via
their Supplier or direct by BEAMia industry interest groups. In subsequent contacts and interviews it was clear that
most of these customers were highly motivated by energy issues and had made a major investtheintRivor wind
system. As a consequence, their electricity consumption was probably lower than normal for the population. This
skews the sample compared to national averages but is probably characteristic of this particular igrstupuld also

be moted that all of the wind and PV sites were in operation prior to the installation of the meters so they were, as near
la Ll2aarot Sy WNBIE{Q ariaSao

The Lovell microCHP units were fitted to the properties as new and customers had much less involvement in the
installation of the units. It is likely that these customers were more representative of the general population.
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This study has not examined the particular conditions at sites because the objective was to obtain representative data
of actual performane; it was not necessary to explain the performance, rather the objective was simply to record the
output from a sample of sites. In the course of the project information was obtained regarding the individual sites and
this could be used for further analig but this was beyond the scope of this project.

5 DATAANALYSIS

This section of the report deals with the various analyses that have been carried out. Because the report is comprised
of a series of identical analyses carried out on the different gdimraechnologies, it was considered that the
readability of the report would be improved if this section was presented separately from the presentation of the data.
Where the analysifor a particular technologhas been carried out differently to the rtieod explained here, this has

been made clear in the text.

5.1.1 SITE ANNUAL OUTPUT

For each site the register data from the meter was used to calculate the annual value for each measunas bhaen
plotted for generation and exporThe use of the rdgter data is more reliable thatihe profile data as it is insensitive
to any missing data. The meter automatically records the values of every register once a.qUdntedata is held in
the meter for a prolonged period and can dewnloaded whenever the meter is being communicated witthis is
much more reliable than the profile data as the meter can only 2oldeeks of 5 minute resolution data. This meant
that, if the meter could not be communicated withithin two weeks, th@ some of the profile data would be lost,
making any annual values based on the profiles less relthblethe register data In practice, such occurrences were
rare.

5.1.2 SITE ANNUAL CAPACFRCTOR
For each site the annuahpacity factowascalcuated from the equation:
OEE OO BLBET = (O£E6CHTAR'Q EE )/ ("0 £4 "QMW@NGLIA X 24 x 365) Equation2

The annual capacity factor gives indication of the Hectivenessof the generatorand allows different sized
generators to be compared Clearly,no embedded generator can achieve 100%, as they would have to operate
continuously at maximum output for the whole yeafAnnual capacity factor, however, is aefid guide to how much
output might be expected from a given size of generator.

5.1.3 GENERATION / CONSUN®N

For each sitehe annual generation value was divided by the annual consumtased on the meter register data

This gives an indication of tis#te@ self sufficiency. It should be noted that this does not test whether the generation
and consumption occurred at the same time; it is possible for these to occur out of phase. This would result in high
levels of export and equivalent import as thé&/ grid is used as an electrical store to balance the generation and
consumption.

5.1.4 EXPORT / GENERATION

For each site the annual export was divided by the annual generation based on the meter registei bistdigure
gives an indication of how much &S 3ISy SNJ G 2NR& 2dzilJzi 61 & dzaSR gAGKAY 0
network. The higher the level of the export / generation, then the less value the customer is receiving from their
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generator. The precise level of the disadvantage dependtherdeal the customer has with the Supplier for their
exports. The level of exports tends to depend on theatch between the generator output profile and the site
consumption profile.

5.1.5 PROFILES

For each of thetechnology groups the average prefiwas calculated for each month. A separate profile was
calculated foweekdays and weekends according to the equation:

By, RHAROL £00N00 go:30] €

é .
< & Equation3
yBam1 AHAROI €00N00 24:00] £

Where n equals the number of days for each month -divided into week days and weekends.

5.1.6 ANNUAL AVERAGE MONWHOUTPUT

For each technology group the 48 half hour daily average values were summed to give dainglalue representing

the total average output for that month. This was done for generation and export and weekdays and weekends.
These values were plotted across all 12 months of the year. These graphs show the pattern of output levels
throughout the year, for example, PV output is shown to peak in the summer, as would be expected.

5.1.7 CUMULATIVENIT OUTPUT AT VARI® POWER OUTPUT LEVE

It was desired to investigate how much of the output from the generator was produced at different output |deés.
is important for two reasons:

1 Network operators need to understand the contribution of individual generators on the system, their
generation and export levels are important in this.

1 Previous data analysis during the project had shown higher levelspoirt than ha been expected, given the
proportion of generation and consumption. An explanation had been suggéstdtiis was that, for wind
and microCHP generators, when they operated they tended to produce a high level of output, which tended
to exeed the immediate consumption level and, heneesult inpower beingexported.

To study thisthe entire annual half hour data set for each site was used. The odigpwtach site (generation and

export) was sorted betweedO levels representingl0%- 100%stepsof the nominal output of that generator For

example, for a 1kW generator, the maximum output during a 30 minute period would be 50@lfior such a site,
2dziiLdzia tSaa OGKFY pn2KX mMann2KI Xo3X ghsngavklo vabesBor eacht Odzf I
generator, from output occurring below 10% up to output occurring below 100% (which is also equal to the total
annual output). Following this the output within a specific level could be calculated simply by subtracted the output at

the level below.

This process was also carried out on the time domain; instead afubygut at each level, the time spent at each level
was calculatedinstead of the output For this analysis an extra step was added at 0%, which would have been
meaningless related to output level.

To illustrate thisa specific case of a 2kW generator (Site AS_is&)own below for botloutput level and time
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Percentage of generator Half Hour Capacity (basec Annual half hourly values Output at each output

output level on 2kW output) below output level (Wh) level (= levek level below)

10% 100W 116932.00 116932.00
20% 200w 303806.20 186874.20
30% 300w 496680.49 192874.29
40% 400W 747805.51 251125.02
50% 500w 1042222.43 294416.92
60% 600W 1366452.63 324230.20
70% 700W 1735680.17 369227.54
80% 800W 2120341.75 384661.58
90% 900w 2231553.67 111211.92
100% 1000W 2231553.67 0.00

Table5-1 Sample Cunalative Site Output FiguresPower OutputBasis

Percentage of genettor Half Hour Capacity (based Annual half hour periods Time at each output level
output level on 2kW output) below output level (half (= levelg level below) /

hours) total time

0% ow 9197.00 0.5249
10% 100W 12296.00 0.1769
20% 200w 13568.00 0.0726
30% 300w 14339.00 0.0440
40% 400W 15058.00 0.0410
50% 500w 15712.00 0.0373
60% 600W 16302.00 0.0337
70% 700W 16871.00 0.0325
80% 800W 17385.00 0.0293
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90% 900w 17520.00 0.0077

100% 1000W 17520.00 0.0000

Table5-2 Sample Cumulative Site Output Figurésne Basis

‘ 5.1.8 NORMALISED PROFILES

The profiles as describeih 5.1.5 show the shape of the profile (for example, solar output peaks at midday, as
expected) but the graph alsincludesthe relative output from month to month throughout the year. As a
consequence of this, the profile shapes for the lowest output months are suppressed. To bring out the shape of the
profile for each month, a normalized profile was calculated. To achiekeA 4 > F2NJ S+ OK Y2y (G KQa

gt dzS Aa RAGARSR o0& GKS adzy 2F GKS ny KIFEF K2dzNJ g f dzSa&

EEI G i Q= ﬁg Equation4

For each month, the sum of the normalized profile vallBg4:98 ££i & QiOXNQE@ 1.0

As a consequenc¢avhen plotted on a graph, the profiles collapse onto each other and it is much easier to compare
their shapes. For each of theseaghs, an annual average profile shape has also been plotted.

5.1.9 GENERATION DIVERSITY

A key concern for system operators is the availability of power from embedded generasmscially where these

have intermittent operation. The question arises, what is thinimum output that a fleet of generators will produce
during a given time period compared to the output from individual units. That is, to what extent is the output from
each unit superimposed or smeared across the time doméinvas considered wortkhile to carry out some analysis

of the performance of individual and groups of generateessus the output of the fleet of generators as a whole

This cannot be a proper study of this issue as the units in the trial were not chosen for statistdig} wrakhis task.
However, some effort was made during site selection to ensure that there was some geographical separation for wind
and PV sites. For the microCHP sites this was less necessarynearilvause of diversity for theseas expected to

be the behavior of the occupants, rather than weather effects.

To perform this analysigor each technology (apart from hydro), graphs were produced showing the generation and
export output of individual units fothe year compared to the average output thie whole fleet at each time interval
30 minute resolution data was used for trasalysis as this is the normal period for electricity trading in the UK.

The process for obtaining these gragbsthe wind sitesvas as follows:
First the annual capayifactor of each site was calculated

O£ £ HCHOMEAY BLET = (0££ OGN AEQ CHEE)/ (T "QE €4 "QEHCENCTIA) x 24 x 365)
Equation2

The atput of each site was then normalised to the average annual capacity factor. This was done on the basis that
differences in the output of the sites were not caused by geograpligzbrs; rather it was caused by local site
conditions. Thus, each site as assumed to be equal. In actual fact, this normalization is slightly in error, as it brings
some half hour periods above the maximum possible. This is not considered too serious as the number of periods at
these levels was seen to be low and the magfiect being examined was at the bottom end of the output range. This

can be seen in the graphs.
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Having normalised the sites for annual capacity factor, the next step was to normalize them for output capacity. Each
half hourly period was divided by themalised output capacity (in kwW). This normalization corrected for the undue
influence ofoutput from larger sitesccomparedto smallersites

Having carried out these normalisations, the data was graphed to show the period of time of each \sitgoas
percentage output level(as inTable5-2) plus the average curve for all of the sites. The intention of this graph is to
the compare the individual outputs against the instantaneous output of the whole fleet of generaldis.ptocess
wasnecessary because of the widange of power outputevels and annual capacity factors for the wind sites. For the
PV and MicroCHP sites these steps were not necessary.

5.1.10 COMPARISON OF 30 MUINE AND 5 MINUTE ORMIT DATA

In the UKtiis normal to analyse the operation of generators on a 30 minute basis. This is because 30 minutes is the
time base in the UK for wholesale power transactions. However, the units under study can vary their output over
much smaller time periods. The madjgrof the data collected for this project was at a 5 minute resolution. It is
straight forward, however, to convert thB minute data to a 30 minute time base, simply by adding up the 6 x 5
minute values.

The 5 minute and 30 minute outputs have beeagred for samples sites for a number of days for each technology in
order to illustrate the smoothing effect of working in 30 minute resolution.

5.1.11 CORRELATION ANALYSIS

An objective of the project was to explore whether the collected data could be coetkladth readily available
weather data. If, in future, new profile classes were introduced for embedded generators, this would provide evidence
that the profiles could be made more accurate by the use of weather correction. This was only believeélevaetr

to the PV and wind data.

To investigate this aspect, the Meteorological Office was contacted. The most appropriate data available to match the
data obtained were:

2006 daily sunshine hours at Heathrow Airport (for comparison with local PV generaft)

2006 Daily average wind speed at Algleve Airport, Belfast, Northern Ireland (for comparison with NI wind
generators)

A request was also made for forecast data, as this would have been useful to see how predictable thevpeddiles
Howeverthe Met Office did not offer this data.

The preciseprocedure taken to correlate the actual data with the weather data is dealt with in the appropriate
sections in the report.

6 PHOTOVOLTAIGENERATORS

In this Section, the results for the PV generators uslieganalyses described in Sectidare set out.
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PV Site Annual Output

PV Site Annual Export

Figurel PV Site Annual Generation Output

Figure 2 PV Site Annual Export Outpuimissing sies
had no export data)
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Figure3 Site Annual Capacity Factéor PV sites
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Figure5 Site Export as a Perctage of Generation
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Figure 6 One Day Profile from PV site (Oct 2006)

Figurel and Figure2 show that thePVunits included in the trial are all within a comparable range of otgplihe units

would attract between 1 and 5 RQertificates annually (1 ROC per 1MWh out annual output, rounded to the nearest

whole MWh) Export is at a comparable level.

Figure3, shows that the outpugfrom the PV units is spad across a range of 17% to 5%. The average is 9%.
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Figure4 Site Generation as Percentage of TotaConsumption shows a very wide range of valuesprae sites have
minimal consumption compared to their generation output,one case generating more than they consume. At the
other extreme, some sites generate just a few percent of tleginsumption.

Regardless of the sizingigure5 shows that all PV sites experience high levels of export. ighise tothe mismatch
between PV output and demand profilesthis is illustrated irFigure8 where the one day profile for a single site is
shown. This shows very clearly how the PV output profile falls between the morningvanihg peak demands. In this
site there was a daily demand of 5.3 kWh and the PV generation output was only 1.94HMWkhis site on this day
despite the much greater consumption relative to the generation, there was still an export figure of 1t07 kW

The significance of the high level of export depends on the contractual deal the cerstoas with their Supplier.
Normally, customers receive a payment for their exports that falls somewhere below the cost of imported power. The
consequence of tiis thatthe customer will always be best off if they use their generation outpdow much they lose

when they export depends on the rate being offered by the Supplier for their export. In the worst case, they will have no
contract with the Supplieand exported power will simply be spill and will have no value for them.
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Figure 7 Average Monthly Output from PV Siteg

Figure 8 Average Monthly Output from PV Siteg
weekdays

weekends

The annual otput graphs Figure7 and Figure8) are much as would be expectéar P\, peaking in the summer and
falling to a minimum in December. The precise months of the maximum and minimum will depend on ttihewea
pattern of the particular year.

6.2 PV Cumulative Output Graphs

Solar Generation Annual Output within Unit Output Bands. Solar Cumulative Export at Different Unit Output Levels for Solar Sites

MWh

Unit Power Output Level

Figure 9 Cumulative output related to unit output Figure 10 Cumulative output related to unit output
levels- Generation levels- Expot
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Solar Generation Annual Output within Unit Output Bands
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Figurell Specific output related to unit output levels
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Solar Export Annual Output within Unit Output Bands:
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Figure 13 Specific time related to unitoutput levels -
Generation

Normalised Time Spent at Different Output Levels - Export
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Figurel2 Specific output related to unit output levels
Export

Figure9 to Figurel4 are much as would be expected for PV generators. The ofitpot the generators occurs across a

Figurel4 Specific output related to unit output levels,
Export

wide range of output levelas indicated by the shape of the generation and export profilélse graphs relating to the
time at specific output levels shows that the generators spend most of the time at no or veryutput ¢evels. In Figure

11the time spent by the generators at zero output has been suppressed to allow a clearer view of the outputs at other

levels. On average across the year, the PV generators spend 58% of the time aitgato o
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6.3 PVProfiles

Solar Sites Generation Profile WD Solar Sites Export Profile WD
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Figurel5PV Monthly Generation ProfilesWeekday Figurel7 PV Monthly Export Profiles Weekday
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Figurel6 PV Monthly Generation ProfilesWeekends FHgure 18 PV Monthly Export Profiles- Weekend
Figure 19 PV Monthly Site Consumption Profiles Figure 20 PV Monthly Site Consumption Profiles
Weekdays Weekdays

The profiles e much as would be expected for PV. PV output is relatively predictable, based as it is on solar output. The
export has to follow the output and, as demand is relatively low when the generation output is greatest, then the shapes
are very similar.Thewinter consumption profilesRigure19 and Figure20) show high nighttime values, suggesting that
many of these sites have off peak night time electric heating.
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