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1 Introduction

This is a brief description of my experiengben | learnechow to use the energyool EnergyPLAI]. It is a
short description of why | chose EnergyPLiaiNmy particular study, followed by a brief account of the sources
| used to gather the data for the model.

When | was carrying out my work using EnergyPLAN, | did not know where to begin looking for a lot of the data
| needed. As a result, the primarymaof this document is to share with others wheaed how | found the
required data for my model. | hope that this brief overview of my experience will enable the reader to use
EnergyPLAN quicker and more effectively. Finally, | welcome any contributiinsould be made to improve

the content of this documentsuch as new sources of datasuggestions for new content

Nomenclature
Symbols
Chv Average capacity factor for an offshore wind farm GJ Gigajoule
Eannual Annual output from a wind farm GE The General Electric Company
Eour Total electricity produced from a generating facility HDD Heat degree days
En Total electricity consumed by a PHES IEA International Energy Agency
GridStab Perc_e_n_tage _of electricity production from grid KW Kilowatt
stabilisingunits
Fn Total fuel input, Wh kWh Kilowatt hour
MGSPS Minimum Grid Stabilisation Production Share kg Kilogram
Pw Installed wind capacity ac Million Euro
dstab Minimum grid stabilisation production share in M2 Data buoy number around the Irish coast
EnergyPLAN

€stab Total electricity production from grid stabilising unit M4 Data buoy number 4 around the Irish coast
stab- Percentage of grid stabilisation criteria which have

) MW Megawatt
load been met during each hour
" cond Efficiency ofill the condensing plant OECD Organisation for Economic @peration and

Development
" TH Roundtrip efficiency of a PHES PES Primary Energy Supply
PHES Pumped hydroelectric energy storage

Abbreviations PP Power Plant
BEV Battery Electric Vehicle SEAI Sustainable Energy Authority of Ireland
CDD Cooling degree days TSO Transmission System Operator
CEEP Critical excess electricity production TWh Terawatt hour
CHP Combined Heat and Power VAT Value added tax
CSO Central Statistics Office, Ireland Wh Watt-hour
DH District heating bbl Barrel
EEEP Exportable Excess Electricity Production m metre
ENTSE European Network of Transmission System s second

~ Operators for Electricity
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2 Why EnergyPLAN?

It is difficult to choose a suitable energy tool at the beginning of a stiwdyto the wide range of different
energy tools available, which are diverse in terms of the regions they analyse, the technologies they consider,
and the objectives they fulfiln addition, it can be very difficult to definghat exactlythe primary focuof any
researchwill become.Therefore, the first step which | would advise, is defining an overall objective for any
modelling work which you intend to do. For example, the emying objective in my work was:

aG¢2 ARSYGATadirkegrate theNdsdt renéwablEergizinto its energgystens.

After establishing a core objective, it is then possible to rate various different energy tools against one another
based on theicapabilities of fulfilling this objective. To aid this comparisenopaerview of all the energy tools

| considered, as well as many others can be founi@,i8]. Hence, thesawill not be discussed in detail here,

but insteadthe only reasons | chose EnergyPLAN @ulined below

1. EnergyPLAN is a udeiendly tool designed in a series of tab sheetsd hence the trainingoeriod
required usually varies from few days up to a month, depending on the level of complexity required
Also in relation to this point, there is online training available from the EnergyPLAN webdites so
relatively straight foward to experience typical application of the softwaid].

2. The EergyPLAN software is free to downlofd.

3. EnergyPLAN considers thieee primarysectors of any national energystem, which includes that
electricity, heat and transport sectors. As fluctuating renewable energy such as wind power becomes
more prominent within energy systems, flexibility will become a vital considerame of the most
accessible methods of creating flexibility is the integration of the electricity, heat, and transport
sectors using technologies such @smbined heat and powerQHRP plants heat pumps, electric
vehicles, and hydrogen. Therefore, forteén objectives, this can be an essential issue for a study.

4. EnergyPLAN wameviouslyused to #mulate a 100% renewable energystem for Denmarf4-8].

5. Theresultsdevelopedusing EnergyPLA&te constatly being publishedvithin acadenic journals. A
number of energy tooblevelopers publish their results in private reports for those who fund their
investigations. However, in order to obtain my PhD qualification |1 needed to publish my work in
academic jownals. Therefore, it was fortunatand importantthat EnergyPLAN was being used for
this purpose.

6. The quality of journal papers being produced using EnergyPLAN was a key attraction. Below are a few
examples of the titles | recorded before contacting PHenrik Lund about EnergyPLAN:

a. Energysystem anmlysis of 100% renewable energystemsc The case of Denmark in years
2030 and 20507].
The effectiveness of storage and relocation options in reat@es energy systeni9].
Largescale integration of optimal combinations of PV, wind and wave power into elégtrici
supply[10].
d. Largescale integratiorof wind power into different energy systenfisl].
After reading these journal papers and observing the contribution that tisalte made to the Danish
energysystem,it was evdent that similar research would benefit the Irish energy system

7. CAyFftte |yR Llaarocfte GKS Y2ad AYLRNIFyYydG NBFazy
supportive attitude when | approached him about using EnergyPLAN. My progress has been
acceleraéd beyond expectation due to the support and guidance from both Prof. Henrik Lund and
Associate Prof. Brian Vad Mathiesen. This is an essential aid when embarking on research, especially
when learning new skills and meeting deadlines at the same time.

These are only some of reasons for using the EnergyPLAN tool. A more detailed overview of EnergyPLAN can
be found in[1], while a more thorough comparison with other energy tools can be found [2e6}.

Why EnergyPLAN7?Aalborg University
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3  Collecting the Required Data

After choosing any energy tool for a study, it is crucial that you ensure that the tool is capable of accurately
modelling your particular application. Therefore, the first step is to createference moel of an historical

year. In my first study, | chose the 2007 Irish energy system as my reference and hence this report is primarily
based on this applicatiorHoweveras | was making the reference modeffelt that a lot of questions could

have been answered if | simply knew where to begin looking forddi@ required Therefore, this document
simply discusses where | found the information | needed to complete myemde model of the2007 Irish
energysystem. | hope that this will enablettre EnergyPLAN users to collect their data more effectively.

Important: Thee are important points below that need to be considered when reading the following chapters:

1. | have discussed a number of inputs in great detail and others only briefly. Tleistsetthe effort
required and the assumptions made in order to get the data moikthe importance of the data.

2. When you download the EnergyPLAN model, a number of distributions are included with it. In a lot of
studies these distributions will suffice asetresults from the EnergyPLAN model may not be greatly
improved by a more accurate distribution. Therefore, it is worth analysing the effects of various
distributions on your results before allocating large periods of time to creating distributions.

Thischapter is divided intdwo primary sections:
1. Technical Data
2. Economic Data

The order is used asis is a typicainodelling sequence thatan be usedvhen simulating an energgystem.
Firstly, areference models created to ensure thaEnergyPLAMNan simulate the energgystem correctlyThe
reference model does not require economic inputs, as it is usually only the technical performande that
compared After creating the reference model using the technical inputs, then the fuel, investmenQ &l
costs can be added to carry out a seempnomic analysis of the energystem. Therefore, alternatives can
now be created and compared in relation to their technical performance and annual operating Fiostiéy,
the external electricity marketosts can beadded soa marketsimulationcan be completed in EnergyPLAN:
this enables you to identify the dphum performance of the energy system from baisinesseconomic
perspective, rather than a technical perspective. However, typically the aim wherirggdature alternatives

is to identify how the optimunbusinesseconomic scenariocan be altered to represent the optimusocio
economicscenario(i.e. by adjusting taxes) as this is the most beneficial for society.

Finally, before discussing the data that was collected, it is important to be aware of the type of data that
EnergyPLAN typical requires. Usually, the EnergyPLAN model requiresftivee following technical
parameters:
1. The total annual production/deman(.e. TWh/year)
2. The capacity of the unit installed (i.e. MW).
3. The hourly distribution of the total annual production/demgnalhich have the following criteria:
a. There must be 8784 data points, one for each hour
b. The data pointare usuallypbetween 0 and lrepresenting €100% of production/demand as
shown in Figure 1. However, if a distribution is entered with valsiegreater than 1,
EnergyPLAMill automaticallyindex the distribution: This is done ¥ dividing each entry in
the distribution by the maximum value in the distributiofhis means thiahistorical hourly
data can bedirectly used in EnergyPLAN for a distributidin example, displaying how an
index is creatd, and also how an index is used is showable3-1. One exception is the
LINAOS RA&AGNROdziA2Y dzy RSNJ G KS wwS3dzA A2y Q G o6
c. The dstribution is inputted as atextfile y R a0 2NBR Ay GKS a5A &l NXOdziA

I This does not apply to the price distributions. For the price distribution, the actual values provided in the
distribution are used.

Aalborg University Collecting the Required Dat
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The distribution is simply adjusted to reflect the total annual production/demand. For examgyure2, the
distributions for three separate demands are shgwwhich show how the distribution inFigure 1 is
manipulated to model the total demand.

Table3-1
How a distribution is indexed andubsequentlyusedin EnergyPLAN (Note: 8784 hours in total are required)
Time  Output from a 100 MW IndexData Using Indexed Data to Simulate a 400 MW,

(h) Wind Farm (MW) Fraction Decimal Wind Farm
1 20 20/100 0.2 0.2*400 80
2 30 30/100 0.3 0.3*400 120
3 60 60/100 0.6 0.6*400 240
4 100 100/100 1.0 1.0*400 400
5 80 80/100 0.8 0.8*400 320
6 40 40/100 0.4 0.4*400 160

Demand (Normalised)

Figurel: Distribution of Irish dectricity demand for January 200[12].

m 1.5 TWh Demand m1 TWh Demand = 0.5 TWh Demand

Demand (MW)

Figure2: Distribution modified by the totallrish electricity demandequired for January 200712].

n Collecting the Required DafaAalborg University
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3.1 Technical Data Required
EnergyPLAN simulates a single year in hourly-steps. To create an initial model, | kéd the year 2003s it
was the most recenivhen | started gathering my data

To explain where | got my data, | will discuss each tab withén EnergyPLAN model separately. The

WCNR Y ( Ldispage@ irAiglirés illustrates a flow diagram of the EnergyPLAN model, indicating how all the

various component®f the energya @ 4 SY Ay GSNI OG 6AGK 2yS | y208&&END ¢KS
parametes of the energy@ @ A G SY Ay 1jdzZSaGA2y ® ¢ KS o4d sBsbdiaed vith the A & dz& ¢
energyd 2adSY o0SAy3I Ay@SadA3alrdSR FYR GKS WhdzilldziQ Gl o6 Az
CAylfteas (K& W{S§{{AAmathescalé dthenifsinaheBograni. K S dza SNJ (2 OK

.S8t26 L sAff RA&AOdzaa Ay RSGFIAf 6KSNB L 3F2d GKS Ay T2Nd
for the majority of data required.

(i EnergyPLAN 12.0: Startdata _)Jo)x)
¢ - EnergyPLAN 12.0: Startdata l
Hone, I ) Version of EnergyPLAN
ﬁopen E? @ n =51 R Show Hints® )
A S N 1= s . and date it was released.
Home New Import Settings Notes Web Run Teevew Tabs
fromexcel B SaveAs ‘ (CiDboard) (SUeen) (Print) (Seral)
Ger nera{ ‘ Run
\W/arnings Appear Here:
~ | Demand Supply | Balancing and Storage | Cost | Simulation | Dutput | Notes | Delete | Import From Excel
@ o Overview
T 1 EnergyPLAN Energy System Analysis Tool Version 12.0 14 January 2015
- Supply
- Balancing and Storage , _— -
- Cost G Hydro power Desalination Import/Export
Simulation Hydro water F’ fydiostonagel «— T plant Erorage (fixed and variable
- Dutput \ ) ) system
‘RES electricity N ] [
\ ) | Electricity
= 2 { RP l L demand ]
| Fuel ‘ - ~ ,
s Heat Coollng Cooling
p pump and device demand
Geothermal ] Absorption e;eflt::
and solar heat I heat pump 0 I
' | ‘ Bkt | | i H Beand ’
L H, { ‘‘‘‘
< I =
Electrolyser (1%
= & P = S storage
Biomass | | R
Co, P\» Hydrogenation R, | Vehicles A Transport
J L 3 8 4 demand

Electricity —)-

Heat  ——p
Hydrogen

Steam  ——

o, —_— Gas Import/
TraNSPOt  me- storage Export gas
Water —-

Cooling )

( (" Process
Industry heat
demand

Figure3: Frontpage of the EnergyPLAN tool.

3.2 Demand Tab

Below is a brief description dhe data luseddzy’ RS NJ { K S in Wy nfod@diiiiOwoihl-noting that the
data required for EnergyPLAN is usually generic data that can be otbiaimeost OECIzountries. Therefore,

if | was able to obtai the data for the Irish energgystem, it is likely to be available in other countries also.
Also note that ach subheading in this section represents data required for a different tabriargyPLAN.

¢KS FTANBRG LIASOS 2F AYyF2NNIGAZ2Y GKI G @2dztgér2edinR G NB
The Irish Energy Balance wasmpleted bythe Irish energy agency callélde Sustainable Energiuthority of
Ireland(SEI) [13]. The Energy Balance indicates the energy consumed vetitim sector of the energgystem

2 Organisation for Economic @yperation and Developmenit
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as displayedrigure4 and Appendix7.1 The International Energy Agency (IEA) completed two reports on
energy balances in 2008: one with the Energy Balances for each of the OECD cfldjtdad one with the
Energy Balances for a number of ROECD countrigid5]. These documents must be purchased so | have not
obtained a copyHowever, this is one possible source for an energy balance of your esystgm.

rslans Frovidonal Energy Balance 2007 (TWh)

DoubleClick to Open if Using MS Word Versio

—

5el

a1

Figure4: Irish energy hlance for 2007see Appendi¥.1and reference16].

The Energy Balance douent proved tobe the most useful source of information for my investigation.
However, it is important to check the accuracy of the data in this document, as the figures can sometimes be
based on estimates.

Secondly, meteorological datalso proved very inportant when predicting renewableenergy production.
Meteorological data can usually be obtained from a national meteorological association. However, another
2LIGA2Yy A& G2 dzasS | LN TIMNS prograin: Had datReredy dafaiirSn? g gumbenof
meteorological stations around the world, which can be asedsusing a very intuitive usérterface
However, the program is not frem you will need to decide how important meteorological data will be before
purchasing it Even if you use this progranit could also be useful taompare the data in theoftware to

actual measurementfrom a weather &tion to ensure that the program is providing accurate dakaere is

also some free meteorological data available from this website:

3 Datafrom meteorological stations may or may not be free so it is worth enquiring about this also.

n Collecting the Required DafaAalborg University
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3.2.1 Electricity

fainergvﬁ_ﬂllllﬂ:itarhlala (=)t
(ﬁ = EnergyPLAN 12.0: Startdata
Home | AddOnToos — Help (7]
AGR SEQ B IS0 4HM
+ B 5 B L
Home  Mew Import Settings Motes  Web Run Run Run Run Treeview | Tabs
from excel B Save As (Clipboard) (Screen) (Print)  (Serial) |

| General H Run View

Warnings Appear Here:

Demand | Supply | Balancing and Storage | Cost | Simulation | Output | Nates | Delate | Impart From Excel

Overview
@8 Electicity | Heating | Cooing | Industry and Fusl | Transpott | Waler
= Demand
=y Electricity Demand and Fixed Import/Export
. Heating
- Covling Electricity demand 20 Twhiysar | Change distribution | Hour_electicit.
- Indhustry and Fuel e
| Transport Electic heating (F included] - 0 Twhiear  Sublract electic heating using distrbulion from incividual window
L water
- Sumpy Electic cosling (IF included] _| 0 Twhiear  Subhiact electic coing using distribution from ‘cooling’ window
' EE‘T”C‘"Q and Storage Elec. for Biomass Conversion 000 Twhiear  [Transfered fom Biomass Conversion T ahShest]
as
Simulation Elec for Transpotation 000 Twihiear  (Transfered fiom Transport TabShest
- Output Sum [excluding electic heating and coolingl 20,00 Twhiyear

Electiic heating (individual] oo Twhiear
Electricity for heat pumps lindividuall 0p0  Twhivear
Electiic codling on  Twhiear
Flesible demand (1 day) 0 Twihiyear  Maxeffect 1000 Mw
Flesible demand [1 wesk] ] Twhiyear  Maweffect 1000 MW Impert/

Export.
Flesible demand (4 wesks) 0 Twihiyear  Maweffect [1000 M fixed and

variable
Fied Import/Export ] Twhiyear | Change distribution | Hour_Tysklandsesport tst

B Electricity
demand

Total slectricty demard® 000 Twhiyesr -

Total electricity demad was obtainedrom the Irish transmission systenperator (TSO), EirGr[d3], and the
Energy Balance documerimported and Exported electricity was also obtained from the TSO in Ireland

Twenty¥ 2 dzNJ 9 dzNB LISy O2dzy iNASa I NB Ay@2f SR Ay (GKS a9 dzNP
9t SO0 NR O ) which piogidest § lot of detailed data about the production and consumption of
electricity. A list of the countries in thENTSEE is available fron{18], and the data can be obtained from

[19]. The data includes the following:

Stdistics

Production Data

Consumption Data

Exchange Data

Miscellaneous Data

=A =4 =4 A -4

1 Country Data Packages
Therefore, this is a useifsource of information if youra modelling a European region.

Aalborg University Collecting the Required Dat_
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3.2.2 Heating

mmryvl’wllﬂ:starhhla (=)t
(ﬁ = EnergyPLAN 12.0: Startdata
Home | AddOnToos — Help (7]
i Open ﬁ E; E I — = [& Show Hints™
A} B & 24 = &5
Home  Mew Import Settings Motes  Web Run Run Run Run Treeview | Tabs
from excel B Save As (Clipboard) (Screen) (Print) (Serial)
| General I Run J view
Warnings Appear Here:
B Demand | Supply = EBalancing and Storage © Cost | Simulation | Output | Mates | Delete | Impart From Excel
5 Overview
Electricity | Heating | Cooling  Industry and Fuel = Transport  Water
= Demand
j—
Total Heat Demand (|ndividual plus Distiict Heating) 17.50 [ con )
- Indhstyy and Fuel (o} (=)
i Transport Individual Heating: Ty
o wlater Estimated Solar Thermal y (=
il Supply Twh/ypear Fuel Consumption  Efficiency  Heat Efficiency Capacity Electricity  Heat \\ e J_’Lﬂu\am/
*'Eﬂ‘ﬂ"mﬂgﬂ”dmﬂ'ﬂge Input  Outpt  Themal  Demand Elechic  Limit"  Production Storage®  Share®  Input  Output
- Cost
Simulation Distiibution Heat Solar
- Dutput Hour_distr-heat.tat Hour_solar_p|
Coal boler fi 000 o7 000 0 1 0 o
Ol bailer : fi 00 oe 000 fi 1 fi B
Ngas boiler fi 000 ng 000 0 1 0 -
Biomass bailer: [ oo o7 000 fi 1 fi B
H2 micio CHP 000 o5 fi 03 f 0 fp 1 i o000
Maas micio CHP 00 o5 fi 03 1 o |y 1 fi 000
Biomass micro CHP 000 o fi 03 1 o |y 1 i 0.00
Heat Pump : fi 3 1 o |y 1 fi 000
Electiic heating fi 1 o |y 1 i 0.00
- —
Total Individual 0 0 0 0 [d::‘.”m/
District Heating: )
Group 1 Group 2 Gioup 3 Total, Distribution p 5 —_
( Heat
Praduction: 0 10 0 2000 | Change | Hour disteheattst (&= }—’( Pt |
Network Losses: 0.2 015 01
[ erectricey
Heat Demend 0,00 850 9,00 1750
f

For my initial energy model | did not hate include anydistrict heating, sincehtere are currently no large
scale installations in Ireland.

3.2.2.1 Heat Distribution
It was very difficult to predict the annual heat distribution for the entire population of Ireland. In order to
SAaGAYFGS AGEZ L dzandet EMeand, IheBish méeteodlagicaR servies]. T NP

There are Heating Degree Days (HDD) and Cooling Degree Days (CDD). As their title suggest, the HDD indicate
the level of heating required on a given day, and the CDD indicate the level of cooling required on a given day.

In Ireland, cooling is not usually necessary due to the climate and therefore, the HDD was used to estimate the
amount of heat required.

Heating Degree Days work as follows: The temperature within a building is us@a{yrAore than outside, so

when the outside temperature is 15.5°C, the inside of a building is usually 17.5°C to 18.5°C. Therefore, once
the temperature drops below this 15°C outsidegemperature setpoint, the inside temperature drops below
17.5/18.5°C and the space heating within a building is usually turned on. Note that this 15.5°C setpoint is
specifically for Ireland and it can change depending on a number of factdrsasutie climate and the typical

level of house insulatiofi36]. A full explanation about the calculaticand application of degree data can be
obtained from[36, 37].

For the heat demand, an annual distribution with a resolution of 1 hour igired, but the Degree Day data
obtained from various weather stations around Ireland is only recorded on a daily basis, as Ségurdb.
Therefoe, this 1 day data had to be converted into hourly readings. To do this, | took a daily cycle from a
similar study completed on Denmark[iff and applied it to the Irish distribution with a pragn | developed in
MATLAH31], which is disphged inFigure6. As district heating is common in Denmark, hourly data could be

Collecting the Required DafaAalborg University
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easily obtained over a 24 hour period and it was assumed that Ireland would hawéda diily distribution in
its heat demands as Denmark.

\
( 16
14 |
12
o |
© 10
[a)
S 8 ‘ ! H
(@]
S \ JA "
4 ' | A !
/!
2 '
0
B S S
X RN &Y 2 O P
¥ & ¥ Q\;@ RN PN A RN
J
Figure5: Degree Day data from Belmullet meteorological station in Mayo, Ireld28].
4 M
——No Daily Cycle ——With Daily Cycle
100
80 I l 2
60 - ( |
40 V \
20
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
R R
Hour in January
J
Figure6: Individual heat distribution for January 2007 in Ireland (Hourly).

Finally, by obtaining the HDD data, the level of heat required each day within a building can be estimated.
However, this only considered the space heating distribution and not the hot water distribution. Therefore, a
heat distribution which accounted for bottpace heating and hot water demand had to be constructed. For
the summer months, it was assumed that space heating would not be required: it was assumed that the heat

Foa2NbSR

oe

GKS o6dzAf RAYy3 RdzZNAYy3 41 NY (S YkieNihel dzZNB a =

building warm during colder temperatures. Therefore, during the summer hot water is the only heating
demand. It was also assumed that hot water is a constant demand each day for the entire year, as people tend
to use a consistent amount of wateegardless of temperature or time of year. The BERR in the UK completed

a report in relation to domestic hot water and space heating, which indicated that the ratio of space heating to
hot water heating in the home is 788]. Therefore, as seen iRigure?, for the heat distribution a 30%

Aalborg University Collecting the Required Dat
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constant bandwidth was placed at the base representing hot water demand, and a 70% demand was placed on

top (based on Degree Datd) representing the space heating requiremerfiggure? represents the heat
distribution constructed for modelling the heat demand within the Irish energy system.

. M)
m Space Heating m Hot Water

100

80

60

40

Heat Demand (%)

20

~ 0~~~ >
S 2@ 9 9 2

> (=]
@ =
= <

Mar-07
Nov-07

< = a
=] =] )
e} 0

Figure7: Individual heat distribution for Ireland.

3.2.2.2 Fuel Consumption and Efficiency of Boilers

The fuel consumed for residential heating can be obtained from the Energy Balance. For the boiler efficiencies,
| consulted the Buildg Energy Rating documentation provided by the Irish energy agency [3EAThis
documentation is used by assessors to complete energy ratings for homes in Ireland. Therefore, the
documentation gave the typical type and efficiency of different domestic boilers used in Ireland. This could be
availablein other countries also, or if not, the efficiencies within this documentation could be applied to other
applications.

3.2.2.3 Electric Heating

Electric heating demand can also be difficult to quantify as it is usually documented in conjunction with the
heating cemand and not as a separate entity. From a report completed by the Irish energy agency, SEAI, it was
found that 14% of all domestic electricity is used for space heating and 23% for hot[4@tein a separate

report by SEAI, it was found that 12% of commercial electricity was used for heating pudijs@serefore, |

used these figures to calculate the electric heating demand in Ireland i.e. (3@3émeaftic electricity plus 12%
of commercial electricity).

3.2.2.4 Solar Distribution
There are two types of solar thermal in the EnergyPLAN model: solar thermal that contributes to district
heating and solar thermal for individual households. At present, onlyithal solar thermal energy is used in
LNBtFYyR FYR KSyO0OS Al A& RAaOdzaaSR KSNB dzyRSNJ (KS
EnergyPLAN model are the:

1. The total annual solar thermal production.

2. Hourly distribution of the solar thermalroduction over the year.

3. Solar thermal share.
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The total solar production in Ireland for 2007 was got from the 2007 Energy BaljcEor the distribution,

an attempt was made to obtain the hourly power output from a solar panel for an existing instatlation
Ireland, but this could not be obtained. As discussed previously, the solar radiation available in Ireland and
Denmark is vergimilar (seeTable3-3) and hence, a solar thermal output curve which was constructed for
Denmark was used. This solar thermal distribution was created by a Dan@&lgyenonsultancy firm,
PlanEnerdi42], for the 2030 Danish Energy P[@n8]. The distribution gives the production from an indual

solar thermal installation of 4.4 fwluring a typical Danish year. The energy produced from the solar panel is
based on a daily consumption demand of 150 litres, which needs to be heated from 10°C to 55°C in
combination with a 200 litre storage tanKhe 4.4 rhrepresents a solar thermal installation designed for hot
water and some contribution to space heating.

3.2.2.5 Solar Share

The solar share is the percentage of houses that have a solar panel installed: To estimate this in Ireland, |
contacted the Irib energy agency, SEAB], who told me that there wa83,600 n? of solar thermal panels
installed in Ireland. A typical solar installation in Ireland uses?5timerefore it was assumed that there are
approximately 6,720 solar installations in Ireland. From the 2006 census in Ireland, it was stated thatr¢here
1,469,521 homes in Irelafd3]. Therefore, it was concluded that there is a solar thermal installation in 0.45%
(6720/1469521) of Irish houses.

3.2.2.6  Solar Input

As stated above, | found the total solar energy utilised from the Irish Energy Bil&c&hesolar input and

solar share can be adjusted if necessary to match the solar production with the value stated in the Energy
Balance.

4 Solarthermal output can be found by measuring the inlet and outlet temperatuiethe collector and also
the flow rate.
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3.2.3 Cooling

i EmergyPLAN 12.0: Startdata

(ﬁa = EnergyPLAN 12.0: Startdata
Home | AddOnToos — Help (7]
AGR SEQ B IS0 4HM
+ B 5 B L
Home  Mew Import Settings Motes  Web Run Run Run Run Treeview | Tabs
| from excel B Save As ‘ (Clipboard) (Screen) (Print)  (Serial) |
General Run view

Warnings Appear Here:

Demand | Supply | Balancing and Storage | Cost | Simulation | Output | Nates | Delate | Impart From Excel

Overview
(E[E Electricity | Heating | Cooling | Industry and Fuel | Transport | Water
- Demand X ) X L L. ) )
i Electicy Cooling systems: Electric airconditioning and District heating for cocling
+-Healing
H Twdh/year Electiicity Heat Cop Matural Coaling Codling
¢ Industry and Fuel Bereviplm e [Rans Dutput Dz
i Transport
S'UDz‘fte' Distiibution | Change | Hou_distheatot | Change | How CosingDemandtst
Balancing and Storage
Cast Electiicity for cooling: © 2 000

Simulation

08 0 0,00 a "\
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There is currently no coolingad in Ireland so no data waequired for thelrish referencemodel. Note that
the heat demand under the cooling tab is for absorption cooling.
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3.2.4 Industry

i EmergyPLAN 12.0: Startdata

«,c\ = EnergyPLAN 12.0: Startdata
~— Home = AddOnTools  Help (7]

AGRB I OFG B EEO LM
Treeview = Tabs

Home  New Import Settings Motes  Web Run Run Run Run
fromexcel B Save As (Clipboard) (Screen) (Print) (Seria)

Run

General View

Warnings Appear Here:

Demand | Supply | Balancing and Storage | Cost | Simulation | Output | Nates | Delate | Impart From Excel

== Overview
(E[E Electricity | Heating | Cooling | Industry and Fuel | Transport | Wiater
= Demand ;
" Flocticiy Industry and Other Fuel Consumption
+-Healing
- Codling
[ Incustry and Fuel
H W EaAL Twhiyear Industry Various* Fuel Losses* Distribution
- Transpott
L water
B Supply Coal o o o
- Balancing and Storage
Cost ai o o o
Simuiation
I Output R T
Hgas o [ o | Mgas | constixt
Biomass o o o

W ) Process
Fuel Industry l—» heat
J L J demand

The quantity of each fudlype consumedwithin industry can be found in the Energy Balanfkg]. The

Wt NA2dzaQ AyLdzi Aa 2yfté dz2aSR ¢gKSy | O2yadzylliazy OFy

analysed on its own i.e. gas consumption for offshore drilling.
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3.2.5 Transport

i EmergyPLAN 12.0: Startdata

X

a B EncrgyPLAN 12.0: Startdata
Home Add-On Tools Help
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wvehide J demand

e
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The amount of fuel used fdransport is availabldy fuel type including electricityfrom the Energy Balance

[16].

3.3 Supply Tab

3.3.1 Heat and Electricity

There is currently no largecale CHP plants for public district heating systems in Ireland, so only industrial CHP

was required for the heat and electricity tabsheet.

3.3.1.1 Industrial CHP: Energy Production

In order to quantify the capacity of industrial CHPRall to contact the statistics department within the Irish
energy agency, SEAI, who had the breakdown of CHP plants at their disposal. They could identify from their

records how much CHP in Ireland was industrial and how much was dispatchable. Froneythisuhd also

provide the amount of electricity and heat that was produced from both industrial and dispatchable CHP.

3.3.1.2 Industrial CHP: Distribution
{AYyOS GKS AYyRdzZAGNRI /1t Ay LNBftFyYyR

3

gl

a

y 2

02y i NPt

Industrial CHP, which means the output was simply constant. It is considered the best proxy for modelling a

production that cannot be controlled.
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3.3.2 Electricity Only

3.3.2.1 Power Plants

For power plants, the first parameter required is the total capacity installed, which | got from the Irish TSO
[13]. If necessary, it is possible to divide the power plants into two categories: condensing and PP2. The PP2
category is usually used if there is a highly contrasting plant mix on the systemthereifis one group of

plants with a low efficiency and are expensive, but another group of plants which have a high efficiency and
are cheap. Therefore, the PP2 can be suitable for some energy systems.

In addition to the PP capacity, you also need to fihe total fuel consumed by the power plants, which is

usually available in the energy balance. For example, in the Irish energy balance, you can see that there is a
category titled "Public thermal power plants", which can be broken down by coal, oilaigdfiomass. These

Gt dzS&a NS SYyiSNBR Ayid2 G(KS a5A&0NAROdziAzYy 2F CdzSfé¢ 13
section, then all of the fuel consumption needs to be in the PP row of the grid. However, if you put some

plants in PP andome other plants in PP2, then the fuel will need to be split across these rows, in a way that

reflects this divide.

Finally, you will also need the efficiency of the power plants. As mentioned, the total fuel consumption for

each type of power plant canebobtained from the energy balance. Using the energy balance document |

O2dz R OFftOdzZ I S GKS ST7¥FAQhSugidhe ol fuel input, (WIS, ad2opaR Sy a A y 3
electricity generated, &t(Wh),

— S @)

LG 6la RAFTFAOdzA G G2 200Gl Ay GKS STTAOASYOASa 2F GKS A

AYVF2NNIGA2YED |1 26SOSNE L 20G1FAYSR  O0NBI |1 Regurg8, 2 F FdzS
once again from the Irish energy agency SEAI, and used this to calculate the efficiencies for the condensing
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