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1 Introduction

This report describes the accompanying TIME&ESrter mode(TIMESStarte). The underlying premise

of the TIMESStarter model is to provide new users with a well thought out TIMES model structure
employingbest practiceghat is buit from solid documented data sourcdsprovides all the basic

building blocks, tools and techniques that need to be employed as part of assembling and applying a
TIMES model.

The model data is assembled in flexible Excel workbooks (templategjollertively compris a viable

starting point for development of a TIMES modddoth with respect to designing a Reference Energy
System (RES) and the depiction of the commodities and technologies underlying that RES. The templates
are designed to bdriven ty the energy balanckor any particular area of study (national, regional,

municipal) and they are customizabte facilitate more rapid assembly of an initial model by new TIMES
users. The intent is to provide a framework and roadmap that enables nens tesassemble high

guality initial modethat is tailored as needed to reflect local conditiana much more expeditious and
organized manner.

TheTIMESStarterdatabase is largely derived from the BBvironmental Protection Agency Office of
Researh and Development (EP®RD) Nine-Region US MARKAL mo(lgE9r)databasé, which is a
peer-reviewed compilation of data from EPA, D&oartment of EnergyDOB Annual Energy Outlook
(AEO). Where the EPA database did not provide technologies seen as imp(etg., district heafHPL)
and Goupled Heat & Power (CHPplants)other credible data sources were turned to, most notathig

51 yAaK 9y $NEafew cab&sysépartdiyferenced, the technology characteristics in the
database wereipdated o expanded, to plug holes atilize better data.Modeling practices and
parameters have been adjusted as needed to move the model data from the MARKAL to the TIMES
framework but the original EPA datasheets are provided to enable (easy) updating whaelrages

of US9r are made general availajfeull details with respect to the original USDOE AEO source data can
be found in the US9r documentatig¢footnote 2)or by obtaining the full set of templates embodying

the model.]

1 The Integrated MARKAL/EFOM System veee.ieaetsap.org

2EPA U.S. Ne-region MARKAL Database, EPA 6aBR03, September 2013,
http://nepis.epa.gov/Exe/ZyNET.exe/P10014RX. TXT?ZyActionD=ZyDocument&CliehdERA%11+Thru+2015
&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&
QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmIQuery=&File=D%3A%5Czyfiles%5CIndex%20Data
%5C11thru15%5CTxt%5C00000009%5CP10014RX.trt&NSEN YMOUS&Password=anonymous&SortMethod=h

%7C
&MaximumbDocuments=1&FuzzyDegree=0&ImageQuality=r7598/r7598/x150y150916/i425&Display=p%7Cf&DefSe
ekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&S
eekPage=x&ZyPUHlor access to the US9r templates and database contact Carol {legocx.Carol@epa.gov

3 Most of the data support the publication by the US Energy Information Administration of the Annual Energy

Outlook, http://www.eia.gov/forecasts/aeo/index.cfr

4 Link to the main English index for the supply technologletp://www.ens.dk/en/info/facts-figures/scenarios
analyseamodels/technologydata, heding device are only in Dutch bteat Generatiorand Datablad for

individuelle varmeanleeg og energitransport 2013

TIIMESStarter Model Guidelines for Use, Version 1.0 1


http://www.iea-etsap.org/
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
http://nepis.epa.gov/Exe/ZyNET.exe/P100I4RX.TXT?ZyActionD=ZyDocument&Client=EPA&Index=2011+Thru+2015&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C11thru15%5CTxt%5C00000009%5CP100I4RX.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=p%7Cf&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
mailto:Lenox.Carol@epa.gov
http://www.eia.gov/forecasts/aeo/index.cfm
http://www.ens.dk/en/info/facts-figures/scenarios-analyses-models/technology-data
http://www.ens.dk/en/info/facts-figures/scenarios-analyses-models/technology-data
http://www.ens.dk/sites/ens.dk/files/info/tal-kort/fremskrivninger-analyser-modeller/teknologikataloger/el-og-FV/40-46_heat_generation_2013.xlsx
http://www.ens.dk/sites/ens.dk/files/byggeri/b_datablade_for_individuelle_varmeanlaeg_og_energitransport_2013.xlsx
http://www.ens.dk/sites/ens.dk/files/byggeri/b_datablade_for_individuelle_varmeanlaeg_og_energitransport_2013.xlsx

This reportserves as "guickbooK' explaining the basic organization, components and functionality of
this Startermodel and provides guidelines of how to go about transforming thet&tanodel into a
beginning model for a new application of TIMEBereforethe report describes

the basics of the approach taken;

the underlyingRE&nd naming conventionsweployed;

each of theTIMESStartercomponents;

additional templates needed to complete tigarter model;

using the TIMEStarter model under ANSWBREDA/AnalyticsXLS, and
1 how togo aboutadapting the Starter model

= =4 -4 4

In addition some examples of common policy questions that the model might be used to explore (e.g.,
CQ emission limits or pricegnewable and energy efficiency targetsk provided to complete the
initial picture ofwhat building and applying a TIMES model entails.

2 Organization of the Model Templates

2.1 Model Folder Orientation

The complete TIMEStarter model is assembleéd a singlesub-folder sitting under thdolder
AnswerTIMESY®atabasesand named TIMESStarter(WX), where XX corresponds to a version number

to make it easier to keep track of particular instanoéthe Starter (or later youown) mode] currently
viOiInthisT2f RSNJ I NB | K240 2F 9EOStf !'b{29w a{YINIé¢ o2
lines depicted irFigue 1, for the Reference or BusineasUsual (BAU) scenario.

Note thatthese templates are linked, so that data contained in one workbook can be consistently
shared across other dependent templateshe Bchemat in Figue 1 also shows the intedependency
between the workbooks, that is where a chiiloks to its parent. When a parent is updated all the
dependent children MUST be updated as well (though it may be the case that the a@ngedoes
not affect a particular dependent workbookhese relationships are kept in the Dependehaple
workbookwhich can be checked by ANSWER to ensure consistency (of, datestedin Section’.3.

TIIMESStarter Model Guidelines for Use, Version 1.0 2



Figue 1: Schematic of Starter Templates Dependencies

Demand Existing &
Projection Calibration

[Demand-REF] [BY-<sect>]

Reference
Guidance

New
Technologies

[NT-<sect>] [UC-<sect>REF-

BOUNDLO

* All workbooks to be loaded into ANSWER start with ATx_<country=>*,
with x="" for ver1 and “2” for ver2 ANSWER “Smart” XLS format

These workboaokfall into the following categories:

1 EB ¢ Energy Balance for the'year of the modeand current load curve
1 SUP ¢ Resource supply and imports;

1 BY ¢ Base yeaexisting technologies and calibration procedure;

T NT ¢ New technology options;

1 Demand ¢ Demand drivers and projections;

T IND ¢ Industry configuration, and

T uC - Reference guidance user controls.

Where sectol<sect>)s noted inFigue 1 these correspond to:

1 Electric generation technologi¢BP]

Agriculturedemand devices [AGR]

Commercialemand devices and conservation measy@OM}
Industrial structure and processe#cluding refineriefiND]{pending}
Residential demandevices and conservation measuf&SsD]and

1 Transportatiorvehicleby mode[TRN]

In addition thereare additionalWworkbooksto assist with calibration of thelectricityload durationcurve
(LoadCalibrationand check how théase yearesults comparéo the energy balance
(CalibrationCheck_REF) discussed in Se6tiomhere are alsscenariatemplates (S_<scenariddr

setting up alternate scenaripand the Analytics graph comparison workbook for comparing run results
(MMESStarter_AXLS) discussed in Sectign
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The naming conventions employéat the templatesare explained a bit later in this section.

2.2 Template Components

Themodeldata is assembled in ANSWERIES "Smart"€el workbook® consisting ofseveral
worksheetsas generallylescribedn Tablel. The list in table does not cover all the sheets in all the
workbooks, rather covers mainly the HBYand NT core technology templates. The sheets of the more
specializd templates, including Supply, Demand, and Reference guidance (UCs and INDs) may have
some other special sheets only relevant to them, and will be covered in their respective sections.

The SupplyUC, INDand some scenario files usrsion-1 (v1) of the Smart workbookswhile the
majority of the templates use the neawVersion 2\2), the latter beingvery similar in layout and
functionalityto their MARKAUSOr counterparts.

Tablel: Structure of ANSWERIMES Smart Workbooks

Worksheet Description

ANSWERIMES template sheet that used to add new ANSWERES smart
ANS\-692-Home | sheet to the current workbookor turn an existing XLS/XLSM into a "smart"
ANSv2692-Home | workbook.[Note that thevl workbooks all begin with AT _ atite v2 workbooks

with AT2_.]
Mapping of EPAJS9fother names to TIMEBIMESStarternames and removal o
SETUP unwanted items, emission factors, altBD price conversion factorhe Setup
sheet links to the EB workbook for the list of commodities andssion rates.
EB Information for the Energy Balance workbook for the sector. [BYs only]
. Description of Regiorfsr the Database where this instance of the New Techs
Regions .
be used. [Only active on Supply template.]
Calibration The calculation sheathere the energy balance is apportioned and the initial y

technology stock established for each sector. [BYs only]

Energy carriers, emissionmaaterialsare defined by their name, description, unit
and set memberships to be used in thest of the sheetsln V1templates
Commoditie$ commodity groups may also be declared. These are in turn controlled by the
SETUP shegih most casegSomevl templates have an ITEMS sheet that
contains both commodity and process declarations.]

Process techologies are defined by their name, description, units and set
memberships to be used in the rest of the shedtsese are in turn controlled by

Processes the SETUP shedh most casegSomeV1templates have an ITEMS sheet that
contains both commodity and procedsclarations.]
A sheet with the data for commodities in the sector (mostly used for mapping
CommbData sector emissions to overall emissions and providing demand levels and load
timings.
ProcData_sect> or| One or more sheets with théata for al technologiesn the sector[Note that the
<nature-of-the- V1templates have separate TID & TS sheets.]
data>’

5 SeeANSWERVEIMES Smart Excel Workbook Mantealdetails on working with / operating the templates.
5 For vl templates the Commodities, Process and UC declarations are provided on the ITEMS sheet.
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Worksheet Description

EPADEA/PIEM/EC | Declaration andlata sheets from th&PAUS9rDanish Energy Agency/ Rak
currently IEM/Energy CommunitiZE databses(and perhaps other sources including but
(IEAETSARther_ | not limited to IEAETSAP eTedDS, etq.providing the source values for the
<sheet) technology options.

All of the Starterworkbooks employ the ANSWHRMES "@art" functionality, and have an ANSit-

6920r ANSR-692-Home sheet, andanost havean EB andBETUP sheet to enable easy inclusion/exclusion
of commodities (based initially on the EB) and technologies (according to the active commodities and
defined process componentgixplicitly egluding acommodity ortechnolagy/procesds handled by

LJdz(i G A yirBColA. ThRe@otmmodityProcessleclarationand CommfProcDatalatasheets thercarry
along the™" to have them ignored by ANSWER during the import prodeasommoditythat does not
appear in the current energy kanceis needed in the future (for a new technology optipthen it
ySSRa ( ateds S the/BYEB &h€by deleting the 0 carried from the EB.

The TIMEStarterhasa wide range of commaodities and processdfmost every situation. Howeveas
every country has some unique featurdlse addition of anew commaodityor processmay be required.
See Sectiorl42.2for a discussionf the process for adding new commaodities or processes

The ANSWER BASE scenario is manuallgdogith the Global parameters related to discount{iggar
and global rate)andannualtimeslices. With regard to the latter, the model is setup for four (4) seasons
and three (3) divisions of the day for a total of twelve (12) timeslithsese timeslies areestablished in
the LoadCurve workbook, batso found in the EB workbooekhere each BY and the DemalRtbjection
workbookslink tothem. Thevalues in theTimePeriods & FRab of the EB_Starter(2013) template are
laid out so that tiey can be diretly copied and pasted into ANSWER if they need to be changed.
Section6 discusses ¢w to adjust the LoadCurve workbod¥ote thatadjusingthe number of
timeslices or thenter-relationships betweetimeslicess certainly dable butthis would need to be
done with care as there are lots of interdependencies and recalibration will be necedsagywith
modifying theLoadCurve calculation workbodkherefore, bangng the number of timeslice is beyond
the scope of thénitial Starter model and will instead be discussed at a later time in a planned
Intermediate Guide for the TIMESarter model.

2.3 Connecting with the EPA US9r Data

The technology characterization data comprising the ANSWHERE SProcData loadsheetslinks

directly to a copy of thequivalentUS9r ANSWERARKAL (oother) load sheets, unless otherwise

stated. The Excel VLOOKUP function is used to grab the data by mapping the EPA process name to the
corresponding Starter procesemesas assembled on the SET&Heet.This is accomplished by means

of the entry in CeH of the ProcData sheets, which in turn is grabbed frondDCah SETUP based upon

the Starter process name in @lof the same row.

" For the v1 templates data is loaded from the TS&TID Data sheet fatasthprocesses and UCs, and from
separateTOP/TID/TS_Datheets for Supply. [Naturef-the-data refers to power plant or vehicle type when there
are numerous types for a sector.]
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There is a rather extensive set of technologies in the full d&&base (workbook), including multiple
wind classes with different price points, old and future power plants of various types, retrofit and new
FGD options, and much more. The useamisouragedo obtain the full US9r documentation (see
Footnote #2).

Oneach ProcData sheet above the TIMES Parameter (in rahedjorresponding MARKAL parameter
name is provided for reference. This also then establishes the column on the source data sheet where
the information is to come froniThe VLOOKUP function thenaefnces that column in the EPA data

sheet and thdook-up range is set to cover the entire data setichensures capturing the correct

value Also,note that themodelperiods come from th&etup sheet, which is linked to tiBsheetand

thus the user Bould carefully ensure that the correct column is grabbed from the US9r data fhieise.

is done as part of the VLOOKUP by means of the displacement count parameter, which is thus sensitive
to any changes in the column order on the EPA source data sheet.

In addition,there are some transformati@performed on the source data whemdwhere needed
Themost notabk isfor all costs, where the SETUP monetary conversion facset i® bring all costs to
2013 US dollarsOthers include convertinfjom mies to kilometers for transporgnd in the case of
power plants inverting thénput value (MARKAL) &fficiency(TIMES)We can see this iRigure2

showing the MARKAL/TIMES templates (top/bottom) where Start=NCAP_START, LIRHENG#AE._

as reflected in rows-2 of the latter, then for the most part the columns run across the worksheet in the
same order, with some columns skipped over (hidden below).

Figure2: Aligning TIMEStarter& MARKAL US9r Paranet/Data

A B E D E F [ H | J K L 1] N [ e Q

1 xTechData  _GLOBALRO,R1R2,R3,R4R5 R6RT RS RS F
2 : - K 4 i3 ¢ B & & £ # 2 I “ " £

3 Refresh

4 | Creck snt Techitame, TechCese, TACT, TCAP Units Units | Commil Comm oUT

Paramets START LIFE  CAPUNIT OUT(ELC)_TID PEAK(CON) AF FIXOM  VAROM  INP(ENT)c INP(ENT)c INP(ENT)c E

6 | Gl

7 Techlame __ TechDesc Units _CommiN___ CommOUTTID DT TID 2005-2015 2020 2025-2055
8 |R1,A2.R3 R4 RS, ECSTMRBONR  Residual Coal Steam, Bituminous; Over 100 MW, 2010Recirculated  PJ, GW CSTMBITEO  ELC 2010 45 3153 1 005 0.9 273 1.0 258 257 258
9 |R1,A2.R3 R4 RS, ECSTMRSONR  Residual Coal Steam, Subbituminous; Over 100 MY, 2010; Recirculated PJ, GW CSTMSUBSO  ELC 2010 45 3153 1 005 09 273 1.08 258 257 258
10 R1,RZR3, STWRLONR  Residual Coal Steam; Lignite; Over 100 MW; 2010; Recirculating PJ,GW CSTWLIGSO  ELC 2010 45 31536 1 085 03 273 1.08 258 257 256
11 R1R2R3, OALSTM Pulverized Coal Steam - from 2015 PJ, GW COaLETMCC  ELC 2015 50 31536 1 085 0.8 273 1.09 258 257 256
12 |R1,A2R3 Natural Gas - Combined-Cycle (Turbine) PJ,GW ELCNGACC ELC 2005 30 3153 1 0.95 X} 1154 0.88 222 222 222
13 R1R2R3 Natural Gas - Combined-Cycle (Turbine) FJ,GW ELCNGACC ELC 2015 30 3153 1 05 08 11.54 0.3 207 207 207
14 R1RZR3, Natural Gas - Combined-Cycle (Turbine) PJ ELCNGACC  ELC 2020 30 31536 1 085 0.8 11.54 0.68 207 203 1.89
15 R1,A2R3 Natural Gas - Advanced Combined-Cycle (Turbine) [ 2020 30 3153 1 0.95 X} 135 0.80 1.88 1.87 1.86
16 R1R2R3 Natural Gas - Combustion Turbine [ 2005 30 3153 1 0.9 08 643 376 3.33 3.33 3.33
17 R1RZ2R3, Natural Gas - Combustion Turbine PJ 2015 30 31536 1 085 0.8 642 376 320 3.20 320
13 R1,A2R3 Natural Gas - Combustion Turbine [ 2020 30 3153 1 0.95 X} 643 378 3.20 290 260
18 R1R2R3 Natural Gas - Advanced Combustion Turbine [ 2020 30 3153 1 05 08 82 252 288 288 251
20 R1R2R3| - Integrated Coal Gasif. Combined Cycle PJ 2015 40 31536 1 085 0.8 450 1.76 255 237 2418
21 R1R2,R3R4RS, EBIOIGCC Biomass Integrated Gasification Combined-Cycke [ 4 2010 35 3153 1 09 X} 925 1.28 3.98 396 3.9
22 RERS EGEOBCFS Geothermal - Binary Cycle and Flashed Steam [ ELCGEO ELC 2010 30 3153 1 08 08 989 0.00 285 285 285
23 R8R9 EGEQEGS Geothermal - Enhanced Geothermal System PJ,GW ELCGEOQ ELC 2025 30 31536 1 08 0.8 27537 14.54 285 285 285
24 R1R2,R3R4RS, EURNALWRIE  Huclear LWRs in 2015 P, GW URNA ELC 2015 45 3153 1 0.95 05 817 052
25 USPTA

A B C D E F G H J K L M N 0o P Q R S T u
1 ProcData  STARTER -
2
Prochiame, ProcDssc, Units Commiti Commour

3 START  LFE CAPUNT  PEAK(CON) AF FXOM  VAROM  NPENT)c RESD  IBOND(UP) BOND(UP)

4 roc B . NCAP_STAR NCAP_TLIFE PRC_CAPACHCAP_PKCN NCAP_AFA- NCAP_AFA- NCAP_AF-UINCAP_FON ACT_COST ACT_EFF  NCAP_PAST NCAP_BND- NCAP_END-UP
5 ANNUAL ANNUAL ACTGRP 2013

6 ANNUAL

7 Procliame Procbesc ProcUnits Commii  CommOUT 10 | TechLookup  TiD ™ 2012 o 2018 ™ o

8 |* Standard Power Plants

E] EECOADBC-ST-XD PG PHRCOAOE ELeT ECSTURBONR 2013 2 31ss 085 08 1 0s0 317 125 033 0.06 [}
10

1r EECOASBC-STX0  Sub-Btumi PIGI  PHRCOASE ELcT ECSTURSONR | 2013 2 ssm 0t 078 1 00 370 128 03 008 0
12

137 EEGASNAT-CC-X0  Natural Gas - Cor PG PHRGASHA ELeT ENGACCTO 2013 17 3tsm 085 08 1 080 1338 1.02 0.4 041 0
1

157 EEGASNAT-CT-X0  Natural Gas - Co PILGW PWRGASHNA ELCT ENGACT10 2013 12 31536 095 (k2] 1 0.90 748 438 028 01 0
16

r EECOALIGHG-X0 PIGN  PWRCOALK ELeT ECOALGCC 2013 2 s 085 063 1 080 224 20 034 0.0 0
18

197 EENUCLER-LWR-XD  Nuclear - LWR ( PIGW  PWRNUCLEF ELcT EURNALWRIS | 2013 2 s 095 07 f 090 see 060 03¢ 04 0
20
217 EECOALGSTX)  Lignits - Sicam turbine (Existing} PLGW  PWRCOALIC ELCT ECSTURLONR 2013 17 915 095 048 1 00 370 128 032 (X] 0
2

Note that US9r source data sheets mix existing and new technologies. However, forSiiviEShe
existing technologieand new technologesare maintainedin separate templates, so the original US9r
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source data sheet will appear in both vibooks, for each sector. But with respect to the existing
processesnodelersneed tocompare the characteristics of thieexisting set of technologiemgainst
those ofthe newstandard newtechnologies to ensure that any impacts of local conditiarefactored
into the data. For example, the plant conversion efficiency might be adjusted lower due & high
ambient temperatures, or thanvestment cost increased because a-dopling water system is
required.

TheTIMESStarterworkbooksalsodetect changs in efftiency over time, and as necessagf the
TIMES Vintage flag, so that said efficiencies are tied to the processes according to the year of investment
rather than current model period.

In October 2016, th&JSEPARD will releasént first update b the US9model following thecreaion

of the TIMESstarter model In discussion with USERRD they have agreed to provide a clear summary
of every STRUCTURAL change to their templpgticularlywith respect to the column ordeikKnowing
this, what isenvisionedfor updating the TIMEStarteris that theupdatedUS9r MARKAL data load
sheeswill be able to becopied (usingCopy/PasteValug®ver the existing corresponding TIMEg&rter
worksheet, updating all the numbers. TReOOKUP functions will e bemodified for any column
changes, and the VLOOKUP range expanded as needed to capture gnmpoesesadded to US9r

data set. These new processes and any new commaodities they require will need to be added to the
SETUP/Commaodity/Process/ProcDitlasas necessaryA discussion on adding new processes can be
found inSectionl4.

2.4 Template Naming Conventions

The templates employ a simple naming conventionsisting oAT(2) _<country>=nature>-<sector>,
whereall load tanplates start with AT (for ANSWHRVIES) and

1 (2) indicates those templates employing the newersion2 (v2)smart templatesas opposed
to AT _ forthe original versionl (v1)templates

1 <country> is currently STARTER, but should be raplacéhe county or region name;

1 <nature> indicates the type of template, e.g., BY=bhase, NT=New Tech, etc., and

1 <sector>indicates the specific energy or demand sector

Supply INQ UCand some scenario files use the v1 forntait the majority of the templates aran the
v2format. TheANSWERIMESver®b92xIsmfile isanemptytemplate thatmaybe used to create new
v2 templates ANSWERIMESvet-692for v1), but more likelychanges will involvenodifying an existing
TIMESStarter templates or copggthem to makenew ones The list of current templates is shown in
Table2.

Note that some workbooks are linked to others and should be handled as a pair (that is opening both
together) when making changes or renaming the parent (linked to) tetmpéowever, it is
recommendedhat one doesot change workbook template names, rather make new folders and make
your changes there so that the intdependencies are consistent, and the ANSWER Import Scenario
remembeing thetemplate(s)for each scenarioemainsintact. [Every once and a while when opening a
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correct instance of the parent/grandparent.]

To help ensure that the workbooks are properly syoclized (that is all children have a last saved date
newer than that of all their ancestors) ANSWER supports a Workbook Dependency Check facility at
Import time. These dependencies are reflectedrigue 1 and Table2. It is recommended that after
importing changed (dependent) templates into ANSWER the user resave the Dependepnsy Xh8

when sorted by date it serves as a reminder of those changed since last importf tklsajser

therefore does choose tohange of the name of a template they are strongly encourdgedso

remember to change the Dependency tabldéere is a bilirectional dependency between the
LoadCalibration and EB_ Starter workbooks, though neither is actually loaded into ANSWEROAly such
a change in the LoadCalibration is monitoréthen updating many templates the easiest way to
proceed in terms of meeting the dependency criterial is to make the changes in the order listed in the
Child Templates column of the table below.
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Table2: ANSWER Templatdependency Table

Linked Child Templates Parent/GrandParent Template

EB Starter(2013).xlsm

AT Starter SUP.xlsm

AT2 Starter_BY-AGR.xlsm
AT2 Starter_BY-COM.xlsm
AT2 Starter BY-IND.xlsm
AT2 Starter_BY-PP.xlsm
AT2 Starter_BY-RSD.xlsm EB_Starter{2013).xlsm

AT2 Starter_BY-TRM.xlsm EB_Starter{2013).xlsm

AT2 Starter Demand-REF.xIsm{EB_Starter{2013).xlsm

AT2 Starter_BY-AGR.xlsm
AT2_Starter_BY-COM.xlsm
AT2_ Starter_BY-IND.xlsm
AT2 Starter BY-RSD.xlsm
AT2 Starter_BY-TRN.xlsm
AT2_Starter_BY-AGR.xlsm
AT2_Starter_BY-COM.xlsm
AT2 Starter BY-PP.xlsm
AT2 Starter_BY-RSD.xlsm
AT2_Starter_BY-TRN.xlsm
AT2 Starter BY-COM.xlsm
AT2 Starter BY-COM.xlsm
AT2_ Starter_BY-COM.xlsm

Starter_LoadCalibration.xls
EB_Starter(2013).xlsm
EB_Starter{2013).xlsm
EB_Starter{2013).xlsm
EB_Starter(2013).xlsm
EB_Starter{2013).xlsm

AT2 Starter_NT-AGR.xlsm
AT2 Starter_NT-COM.xlsm
AT2 Starter NT-PP.xlsm

AT2 Starter_NT-RSD.xlsm
AT2 Starter_NT-TRM.xlsm
AT Starter UC-COM.xlsm

AT Starter UC-COM-50.xlsm
AT Starter_UC-COM-30.xlsm

AT Starter_UC-RSD.xlsm

AT2_Starter_BY-RSD.xlsm

AT Starter UC-RSD-50.xlsm

AT2 Starter BY-RSD.xlsm

AT Starter_UC-RSD-30.xlsm

AT2 Starter_BY-RSD.xlsm

AT Starter UC-TRM.xlsm

AT2_ Starter_BY-TRN.xlsm

AT Starter_UC-TRN-50.xlsm

AT2 Starter_BY-TRN.xlsm

AT Starter UC-TRN-90.xlsm

AT2 Starter BY-TRN.xlsm

REF_BOUNDLO.xlsm

AT2 Starter_BY-PP.xlsm

REF_BOUNDLO-RED.xlsm

AT2_Starter_BY-PP.xlsm

AT Starter_ZZDMY.xlsm

AT Starter_SUP.xlsm

AT2 Starter Demand-REF.xlsm
" Global data needs to be manually copied into BASE if changed from EB template

The templates are managed and loaded into the ANSWWHEIES database as discussed in Setion

Note that if one encounters a problem with an ANSWER "Smart" XLS noofumgtproperly, saving

the current templates as akLSXthat is workbook without macros) and then using the ANSWHERES
GSYLX FGS d&al aiX¥@Eip anixeSMda dRttaiedy thét Ehbuid overcome problematic XLSM
functionality.

3 RESComponent Naming Convention s and Units

Good practice for TIMES models is to employ strict naming conventions for both energy carrier and
technology namesncompassing the Reference Energy System (RBBIle3 provides thethree
components of edt energy carrier name. Each energy carriers hawathreecharacter identifiers
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(e.g., OIL, COA, RNW the database, these core names are preceded by a-thiamcter sector
identifier that indicates which sector the energy carrier is being seggtiom (SUP) or to (all others),
andmayinclude agqualifieridentifyinga subset ofthe core energy carrier group (e.bard coal, diesel

oil, etc) it is associated with. For example, supply of hard/brewalto all sectors is SUPCOAHRD/BRO,
while cal for electric generation is PWRCOAHRD/BRO, and COMELC is electricity supplied to the
commercial sector. Where it is not necessary to qualify the "root" it can be omitted (e.g., electricity).
Rigorously employing such naming conventions, and being &trictlude unique key words the
description (e.g., "existing" for all technologies in place tQdacritical to ensuring the correct
functioning of the current process and commaodity sets in the Starter modekthablethe power of

VEDABackEnd (VBEAnd the ANSWERamed Filterso be fully exploited.

Table3: Commodity Naming Conventions

Energz(iarne Description EnQelrJga)I/if(i;argrler Description
BIO Biomass ANT Anthracite
COA Coal PSF Biomasgprimary solid fu@
GAS Natural Gas BIT Bituminous
NUC Nuclear BRI Briquettes
OIL Oil and Oil Products CCco Coke
RNW Renewables col Crude
Other Will be added as needed DSL Diesel
FOI Fuel Oil
Energy Sector| Description GEO Geothermal
AGR To Agriculture seorr GSL Gasoline
COM To Commercial sector HYD Hydro
IND To Industrial sector JET Jet Fuel
PWR To Electric Generation KER Kerosene
RSD To Residential sector LFG Landfill Gas
SUP Supply & Imports/Exporty | LIG Lignite
TRN To Transportation sector LNG Liquefied Natural Gas
LPG Liquefied Petroleum Gas
MSW Municipal Solid Waste
NAT Natural Gas
PET Peat
RFO Residual Fuel Oil
SOL Solar
WAS Waste
WIN Wind
URN Uranium
Others Will be added as needed

8 Note that some Energy Carriers in the IEA energy balance are not listed table.
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Similarly, naminganventions for technologies look to identify aspects of the sector or demand service
(perhaps by type (e.qg., rural/urban households, public/private build)ngad nature of the technology
(e.g., power planor devicetype, fuel consumedkind of demand dvice,and quality of the device)For
example, the residential heating devided-igure3 have their names built as:

9 Sector: R - Residential

i1 Service: H - Heating

9 Building Type: B - Households [could have >1 type]

T Fuel: GASNA ¢ Natural Gas

1 Device Type HHA/R - FurnacéAir Heat Pump/Radiant

91 Device Quality ST/IM/BE/AD - Standard/Improved/Best/Advanced for conventional to most

efficient

Figure3: Demand Device Naming Exampl&esidential HouseholiHeating Devices

TIMES Description EPA
* B‘uilding Type
* 8pace Heating
* Electric Radiant
RHBELC-R-ST Residential Heating: Electricity Radiant-Standard RSHERDW110
* Electric Heat Pump
RHBELC-HA-ST Residential Heating: Electricity Heat Pump-Standard RSHEHPY110
RHBELC-HA-IM Residential Heating: Electricity Heat Pump-lmproved RSHEHPY210
RHBELC-HA-BE Residential Heating: Electricity Heat Pump-Best RSHEHPY310
RHBELC-HA-AD Residential Heating: Electricity Heat Pump-Advanced RSHEHPY410
* Matural Gas Furnace
RHBGASMAT-F-ST Residential Heating: Matural Gas Furnace-Standard RSHNFRWZ210
RHBGASMAT-F-IM Residential Heating: Matural Gas Furnace-Improved RSHNFRW310
RHBGASMAT-F-BE Residential Heating: Natural Gas Furnace-Best RSHMNFRW410
RHBGASMAT-F-AD Residential Heating: Natural Gas Furnace-Advanced RSHMNFRWS10
* Natural Gas Radiant
RHBGASMAT-R-ST Residential Heating: Natural Gas Radiant-Standard RSHNRDW110
RHBGASNAT-R-IM Residential Heating: Matural Gas Radiant-Improved RSHMRDW210
RHBGASMAT-R-BE Residential Heating: Matural Gas Radiant-Best RSHMRDW310
* Kerosene Furnace
RHBOILKER-F-ST Residential Heating: Kerosene Furnace-Standard RSHKFRW110
RHBOILKER-F-IM Residential Heatina: Kerosene Furnace-lmproved RSHKFRWZ210

In the sector sections that follow the approach, components and some examples of each technology
grouparegiven.

In terms of units, in the US9r database all costs are expressed in 2005 US dollars, and the workbooks
have all been designedith a conversion factoon the SETUP shefgiell D4 as USD_Conved)allow
conversion to other years and currencies. The current conversion factor is set to calculate cost
parameters in 2013JS dollarswhich corresponds to the first year of the moddbwever, the
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Agriculture data, not available from US9r, is in 2006 US$ so the USD_Convert needs be adjusted by
referring to the EB USD conversion table, as should below. Note that in the case of the D&EA data
different approach was taken were work wasr on the source data sheet to convert from Euros to
Dollars, where it so happens the costs are in 2005Euros so not inflating/deflating is necessary.

Figure4: Setting USD_Convert for a Particular Sector (Agriculture)

USD_convert - f\ =1+'C:\AnswerTIMESv6\Answer_Databases\TIMES-Starter(v12f)\[EB_Starter(2013).xIsm]SETUP'ISH$23-'C:
\AnswerTIMESv6\Answer_Databases\TIMES-Starter(v12f)\[EB_Starter(2013).xIsm]SETUP'ISHS16
A B C D E F G H

1 Database Units BY

Units (activity and capacity) for all commodities and processes are shown on the Commodities and
2 Processes tabs. Periods 2013 2015 2020
3 Currency Conversion

Monetary unit for the EPA dtatabase is 2005 US dollars, and the cell to the right will apply a factor to copvert

these values to whatever year and currenty is desired. The factor currently applied converts to us 1.13
4 dollars. Gary:
5 Pak-1EM is 2006 - so D4
6 Country reference adjusted STARTER

accordinghy!

7
8 * Sector Designation
9 AGR Agriculture

In termsof the commodity and technology attribute units:

1 Energy - Petajoules (P])

1 Capacity - Gigawatts (GW) for power sectd?etajoules/annum (PJa) for most othgemd
kilometer index for transportation

1 Demand - most are Petajoules, with some transpolitat in passenger/freight kilometers

and lighting in lumensand
1 Emissions - Million/Thousand Tons (Mt/Kt).

Note that some of the transportation demands are in terms of Billion Vehicle Miles)(lbvhS® which
are thenconverted to Billion Vehiclg€ilometers (bvk) for th& IMESStarter.

4 Organization of the TIMES-Starter RES

All TIMES models are organized around the principles of the Reference Energy System (RES) network.
The RES connects processes (e.g., resource supply, power plants, refineslesegidemand devices)

that produce/consume commodities (energy, materials, emissions) by means of identifying the flow of
the commodities from / into the processes. This network then manages the underlying energy system to
ensure the flows balance antidt each of the process is properly characterized in terms of where it

"fits" in the energy systenThe key to this simple approach is the requirement that the name of each
commodity changes when exig a process, wheras discussed in the next sectippsploying strict

naming conventioamake it easy to identify each process and commodity within the RES.

Figureb, while not from the Starter modeshows the basic approach to organizing the RES. Resources
are impored/mined, in this case natural gas, then moved via a pipeline to either the power or demand
sectors (here Residential), whereduimmy' sector exchange process (beginning with "X") converts the

name of the upstream gas supply to that of the correspondawas (retaining the word "GAS" in its
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name to facilitate set definition and filtering later). When the gas is consumed to generate electricity
that commodity stream kicks in and centralized electricity is sent along the transmission lines to the
distribution network, where consumption is then tracked by demand sector (retaining "ELC" in the
commodity name throughout).

Figureb: Basic RES Organization Principles

GASNGA GASNAT CONGAS ELCC ELCD ELC RSDELC
IMPGASNGA1 — PNGAPIPEyy ———— XCONGAS EPPGASxx ELNKCENOO ELNKDCMOO| IXRSDELCOO'*" RHAEELC100 '—
Imported Gas Gas Pipeline Sector Fuel Collector Electricity Production  Electricity Transmission Electricity Distribution ~ Sector Fuel Collector

RHAEELC200

Exisfing Electric Heating Devices

RHAEEL1H06
ZZDMY ZZSGASNAT1 RHAEEL1S06

Supply Backstop New Electric Heating Devices
[Dummy] Demand for Space Heat
(by building type)

MINGASNGA1
Domestic Gas

GASNAT RSDGAS
[XRSDGAS00|—T— RHAEGAS100|—

Sector Fuel Collector

RHAEGAS200

Existing Gas Heating Devices

RHAEGA1F06
RHAEGA1S06

New Gas Heating Devices

7zDMY ZZRHAE
Demand Backstop
[Dummy]

Thus, a part of employing good RES degignciples processes areften insertedat convenient points

in the network for the purposes of facilitating tracking, collecting, distinguishingaspects of the
underlying energy system. One such convention employed is the use of X<sector><fuel> pfseesses
XCONGAS Figure5) to channel commodities between upstream sources and the various sectors
modeled, where the processes' main purpose is to change the name of the commodity to its sector
counterpart. These may also serve as an appate place to track sector emissions (by fuel), apply
sector delivery charges, reflect losses in the distribution system, and reflect limits/cost of expanding
infrastructure.

Anothergood TIMES modeling practitteat greatly aids in model debugging iseémploy"backstop"
processeshat can produce the main commodities in the energy system by consuming a dummy
commodity at an extremely high cost. Thdseckstop processes (typically nameaBCK<typerare

setup to produce all conventional energy carriergctricity, and demand servicéisat are currently

used in the modedo helpavoid infeasibilities that may arigkieto a production shortfall or RES
connectivity problem--the most common cause of infeasibilities (along with inconsistent bounds). A
typical ZZBCKNRG procissenergyis shown inFigure6, where aZZBCKELC (operating at the timeslice
level) andZZBCKDERfre also created to supply unmelectricity or servicelemand(s).If a ZZBCK
processs called uponit can bereadily identified in the solutiobecausehe impact ofits high costwill
increasethe objective function value dramatically
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Figure6: Backstop Process to Avoid (Most) Infeasible Solutions

ZZBCKNRG : Backstop for Ener not ELE
INPUT(S) P 9y { ) OUTPUT(S])

ZZBCKNRG : Backstop for Energy (not ELE)

5 A Look at the Input Data Workbooks

This section describes by sector the nature of Hagious input data sheetf®und inthe main templates
that comprise the modelThetype of sheets found in the workbooks were discussed in Se2tig)n
while here the content withiespect to the model data is the focus.

Here all the examples showwith the exception of Supply, present the New Technology (NT) templates
to get across the nature of the information needed, and where and how it is organized tentipéate.

How to go dout augmenting the information found in the templates, most notably adding/removing
commoditiesand processes, and/or making entire new sdztors (e.g., splitting households into urban
and rural) or new regions, is discussed in Sectibn

Before going through the templates a critical aspect of how TIMES handles input data with respect to
interpolation / extrapolation is warranted in terms of what is most commonly used in the Starter model.
The interpoltion rules are explainedtine ETSAP TIMES documentatiottp(//www.iea-
etsap.org/web/Documentation.agpin the input templates whenever the Period=0 for any paramter

the value provided corresponds to the overridetioé default interpolation rule. In the Starter (and most
TIMES models) the I/E override is employed for:

1 Restricting investment in existing processes and devices via i/fe=12 for NCAP_BND (setting it to
eps for all periods);
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1 Keeping shares in place oveetmodeling horizon with i/e=%or FLO_SHARE/MARHKterpolate

and extend constantjand
1 Extending the RHS=0 for U@a i/e=5 (interpolate and extend constant)

There may of course be other instances where the I/E default is overridden, but these are egsadst
common ones. The rest of the parameters are usually interpolated with extrapolation constant, as their
default. The table from the TIMES documentation is shown below.

Table 2. Option Codes for the control of data interpolation

Action Option code Applies to
Default interpolation/extrapolation (see above) 0 (or none) All

No interpolation/extrapolation <0 All
Interpolation but no extrapolation 1 All
Interpolation, but extrapolation with EPS 2 All

Full interpolation and extrapolation 3 All
Interpolation and backward extrapolation 4 All
Interpolation and forward extrapolation 5 All
Migrated interpolation/extrapolation within periods 10 Bounds, RHS
Interpolation migrated at end-points, no extrapolation 11 Bounds, RHS
Interpolation migrated at ends, extrapolation with EPS 12 Bounds, RHS
Interpolation migrated at end, backward extrapolation 14 Bounds, RHS
Interpolation migrated at start, forward extrapolation 15 Bounds, RHS
Log-linear interpolation beyond YEAR YEAR (=1000) All

5.1 Energy Balance

The process of depicting the energy systema TIMES model stisrfrom the complete first year energy

balance. For the TIMESarter a typical energy balance for 2013 is ugdus the first stejin adaping

the TIMESStarter for another energy systeinto properly enter the associated energy balanthe

layout of he TIMESStarter Energy Balanaeorksheet correspondstthat published by the IEA.

Because many of the other templates are driven by the Energy Balankegoitg as seen ifrigure?,

should be considered rigihd should not be chnged[If a fuel is missinfpr your energy systemou
can(carefully)i { S 2@SNJ 2yS 2F (KS 2 0KS NasTodgsas you foll@etiedzY y & 0
naming conventions discussed k&ar.]
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Figure7: Energy Balance Sheet

Country (Region) Name
OLLPG OILGSL  OWLJET  OILKER OILDSL  OLFOl OILWAP OILLUB OILBIT OILPCO DILNSD GASNAT BIOWwA BIOMSW BIOPSE  BIOGAS

Natural
PJ Gas

Main activity producer electricity plants
Autoproducer electricity plants
Main activity producer CHP plants
Putoproducer CHP plants
Main activity producer heat plants
| Autoproducer heat plants
Heat pumps
Electic bailers

3.00 15.00 3.00

Chemical heat far electricity production

Gaz works

Ol refireries

Coaltranstarmation

Liquetzction plants

Hor-specitied ranstormation]

Energy industry own use

Loszes = = = = = = = = = = E
Final i 0.7% 16.47 0.03 0.0 17.48 0.18 = = = = =
Industry = - = - - -

Iram and steel

Chemical and petrachemical

Mon-ferraus metals

Man-metallic minerals

= = 20.14 =

Transport equipment
Machinery
Mining and quarrying
Faood and tobacoo
Paper. pulp and print
‘wood and wood products
Canstruction
Testile and leather
Non-specified lindusty) = = = = = = = = = =
Transpont 0.03 16.43 0.03 = 1713 = = = = = =
Road 0.03 16.43 = = = = = = =
Domestic aviation - - -
Rail = = = = 0.33
Pipeline transpart - - - - -
Domestic navigation - B - B 0.08
Mon-specilied [ansport] - - - - - - - - - - - - - -
Other 0.65 0.04 = 0.01 0.35 0.18 = = = = = 30.65 = = 20.14 =

Fesidertial 064 - E 0.01 E B B B B E E B0 E
Commercial 0o - - - - 0% - - - - - - - 034 -
Agriculturz - 0.04 - - 035 - - - - - - - - 0.0018 -
Fishing - - - - - - - - - - < - - - -
Mor-specitied iother] - - - - - - - - - - - - - - -
Homenergy use 4 —r —r —r —r —r —r —r —r —r 4 = 4 4 4 3

Asindicatedin Figue 1, virtually all the AT* templatesety on the information in the & <regionXyear)
(in this case EB_Starter(2018)rkbook including the

RIS L O RN SR B R R SR B R R R A R S R
0
- I
o F
= |2

countryor region name;

fuel namesanddescriptions;

emissions nameslescriptionsandrates;

years the model is to be setup for (noting that TIMES supports nyedelanddata year
independene, so the model can be run for other years than those for which data is provided),
and

9 timeslicedefinitions andfractions apportning the year into 4$easons and-8ay slices (for a

total of 12 divisions of the year) to track the timing of the electricity and (seasonal) heat
demands.

= =4 =4 =

Note that themilestoneyearsandtimeslice values the TimePeriods&FRs sheet cofram the
LoadCalitration workbook. Both the SUP and the BY sector templates link to this sheet to get the
year and timeslice informatianAlso, if the LoadCalibration workbook is updated, the years and
timeslice informatiorMUSTbe manually}changed and the TimePeris€lFRs sheet is structured to
allow the updated values to bmopied and pasted into the BASE scenario of ANSWER, as shown in
Figure8.
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Figure8: Years and Time Slice Ddtam the EB StarterWorkbookand in ANSVER

Start year Milestone Years Fat DeLaguil: Discount year (6_DYEAR) 05
If these values are to be changed, copypaste] N
2013 2015 2020 2025 2030 2035 2040 2045 2050 them into the BASE scenario Global Discount rate (G_DRATE] 008

Annual Time Slices

Spring Spring, Spring Summer  Summer  Surmmer Wwinter  Winter winter Fall Fall
Spring Day right Pesk  Summer  Day Might Pesk  ‘Winisr Dap Hlight Peak. Fall Fall Dap  Might Peak TimeSfice G_YRFR
TimeSlice = SPD SPN SPP =i} SUD SUN SUP Wl wiD WIN WP FA FAD FaN Fap Fa 02515
Year fraction (G_YFFR] 0z 07 0084 0021 0.251 07 0.084 o021 0245 0143 0082 i) 0251 043 0083 0021 FaD 01473
FAaN 00823
Time slice inputs and sectoral FR inputs come from the Starter_Load Calibration Fap 00207
template. Pat DeLaquil: SP 02513
I Load calcibration is adjusted or SFD 01486
G_YRFR h d,
R Y = am
Sectoral Demand Load fractions (COM_FR) su 0258
Sector SFD SPN SPP SUD SUN SUP WD WIN WP FAD FaN F&p Checkif 1 SUD 01488
Agriculture 0200 0028 o0o0za 0.300 0154 0048 0.000 0.000 0000 0200 002 0024 1000 Wl 0.2453
Industry ALY 0084 oo21 0147 0084 oo21 0.143 o082 0021 0.8 0083 oo 1000 wiD 01434
Transport ATYS 0084 oo21 0147 0084 oo21 0143 0oe2 0021 0.8 0083 oo 1000 WIN 0.0820
WP 0.0205
Commercial
Healing 06 0.050 on24 0.000 oo 0.000 0.384 0144 002 016 0050 o4 1000
Hot 'wWater 0158 0063 0030 0158 0083 0030 0.160 0080 0030 0158 0083 0030 1000
Space Cooling 0158 0083 0030 03165 0125 0.080 0.000 0.000 0000 0968 0083 0030 1000
Lighting i) 0.0 00 0.063 0o oz 0.256 0.0% 0048 0126 0.050 24 1000
Other k] 0063 iliki) 01568 00s3 0030 0132 oo72 003% 0126 0050 024 1000
Residential
Healing 00 0048 ilikz) 0.000 oo 0.000 0.330 0144 0086 0128 0046 0026 1000
Hot 'Water 0.3 0.060 onz2s 0163 00se 0030 0183 0.080 0028 0160 0058 ilikk] 1000
Space Cooling 0180 0.080 0030 0.325 A1) 0.080 0.000 0.000 0000 0960 0058 0033 1000
Lighting o2 norz2 00 0.085 o2z oz 0.256 0.0% 0048 0128 0.046 002 1000
Other 0.0 0.060 0030 0163 0058 0030 0132 oor2 003 0128 0046 0026 1000
» SETUP _ Example IEA balance | TimePeriods & FRs | Definitions | Conversion factors ... &) 4
|5cemarlo |Parameter ‘ ‘Reglon |Reg\0m2 |Item'\ ‘ItemE ‘Item3 |Ite ‘ItemE |Item |UE | 2013
[BASE__ |G_DRATE |7 |sTARTER |- |- - - - - - o | o500
Scenario |Parameter Region Region2 lterm1 ltermn?2 lterm3 lte | ltem5 lterm Value
BASE G_DYEAR 7 |_GLOBAL - - _ - - |- - 2.015.00
BASE G_vRFR 7 |STARTER |- - _ - - |FA - 0.2515
EBASE G_vRFR 7 |STARTER |- - _ - - |[FAD - 01473
BASE G_vRFR 7 |STARTER |- - _ - - |[FAN - 0.0829
BASE G_vRFR 7 |STARTER |- - _ - - |FAP - 0.0207
BASE G_YRFR 7 |STARTER |- - _ - - [5P - 0.2513
BASE G_vRFR 7 |STARTER |- - _ - - |SFD - 0.1466
BASE G_vRFR 7 |STARTER |- - _ - - |5PN - 0.0838
BASE G_rRFR 7 |STARTER |- - _ - - |SPP - 0.0209
EBASE G_vRFR 7 |STARTER |- - _ - - [5U - 0.2513
BASE G_vRFR 7 |STARTER |- - _ - - |[5UD - 0.1466
BASE G_vRFR 7 |STARTER |- - _ - - [5UN - 0.0838
BASE G_TRFR 7 |STARTER |- - _ - - [SUP - 0.0209
BASE G_vRFR 7 |STARTER |- - _ - -l - 0.2459
BASE G_vRFR 7 |STARTER |- - _ - - WD - 0.1434
BASE G_rRFR 7 |STARTER |- - _ - - [N - 0.0820
EBASE G_rRFR 7 |STARTER |- - _ - - WP - 0.020%

Theinformation from the BergyBalanceis collected on thé&Bsheetin the SUP and BY sector
templates, which in turtontrolsthe default commodities on the SETUP sheatording to what is
currently usedn the region toavoid loading thoseommoditiesnot neededin the energy system

Note thatwhen a commodity not in the initial year erggr balance is needed in the
future, simplyBLANK OUf{not deleted/erased) the 0 found in sector EB sheet, a|
shown inFigure8 for COM (D5)--- this then activates said commodity on the
SETUP sheet and creates thecasated X<sect><fuel> sector delivery processes
For SUP both the source (import/export/domestic) and the total need to be
blanked out.
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Figure9: Sector EB and Commodity Control Sheet

& B C D E F G H | J I L ] N ] F a R
1 [startyear |Pat Delaquil: 2013
2 If a Fuel is needed for new planned
2 or envisioned technologies, delete COAANT COADBC COASEC | COALIG COABKE COAGWGE COAPEA OILLPG  OILGSL DILKER OILDSL  OILFOI QILhSO GASNAT BIOPSF BEIDGAS
the existing zero entry to allow the X B N
process o be created. Bitumino Other il
The matching supply must be Anthracit us Sub- Products Primary
activated similarly in the SUP e[Hard  [Brown Bituminous Briquette  Town [excluding non- Matural Solid
4 ) Sector Narne _E\:n:iH—_E Coal Coal Lignite s [Coal) Gas Peat LPG  Gasoline Kerosene Diesel | Fuel Ol energy uses) Gas Biofuels Biogases
5|  Commercial COM 0m3 1 1} 0.0053 1} 1} a 00134 1} 1} 1} 01734 1} 28712 0.336 1}
= =
7 | Split each by end-use
8 |CH Cornrnercial Heating o0z oms 50072 (=118 o2
R Cornrnercial Cooling i
0 CwH Cornrnercial “water Heating 054 167
T |CCK Cornrnercial Cooking 0052 205
2 CLT Commercial Lighting
13 |CRF Cornrnercial Refrigeration
1 COF Cormmercial OFfice Equipment
B CPL Commercial Public Lighting
1€ CME Cormmercial Misc Energy 03 3
T Check 10022 1002 0 (14 10022 (174 0z 0z 10022 (124 (174 (174 100z (174 1007 1003 (1024

20 FEC by end-use

21 CH Commercial Heating 0.013 0 0 0.0053 0 1} 1} 1} 1} 0 0 0087 0 172272 0,336 0
2z CC Commercial Cooling 0 0 0 1} 0 1} 1} 1} 1} 0 0 0 0 0028712 0 0
23 CwH Commercial Water Heating 0 0 0 1} [1} 1} 1} 1} 1} [1} 0 007176 0 0459332 0 0
24 CCK Commercial Cooking 0 0 0 1} 1} 1} 0 00134 1} 1} 1} 1} 0 057424 0 0
25 CLT Commercial Lighting 0 0 0 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 0 0
26 CRF Commercial Refrigeration 0 0 0 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 0 0
27 COF Commercial Office Equipment 0 0 0 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 0 0
23 CPL Cormmercial Public Lighting 0 0 0 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 1} 0 0
23 CME Commercial Mise Energy 0 0 0 1} 1} 1} 1} 1} 1} 1} 0 0017 0 0086136 0 0
a0 Total 0.013 o o 0.0053 o 0 0 00134 0 o 0 01794 o 28712 0.336 L1}
Eil Check diff frorm FEC 0 0 0 1] o 1] 1] 1] 1] o o o o o 0 0

5.2 Supply

The Supply (SUBgctorof the TIMESStarterhas been setup with the basic impaorexportsand

domestic production for thoserergy carriers needed to supply the fuels currently consumeithdy
TIMESStartertechnologes in the database and in accordance with fingt yearEnergy Balancé\s
mentionedin Sectiorb.1, the EB sheet in the SUP workbook oetts to the EB workbook arnsl then

used to control the fuels and supply options that are activated. If a new technology requires a fuel not in
the current Energy Balance the 0 in rowarts 68 (as appropriatéor domestic/imports/export$ of the

SUP EBheet should simply be deleted to activate said fuel for future O$e list of current energy

carriers is shown ifigurelO.

Figure10: Current Supply Energy Carriérs

Name Fiegion | Description gaSTPO\LASP [ S‘?ii;\PFER [ EESE"E“D”
SUPBIOCHA STARTER  Renewables- Charcoal BELOE et Ghtime
SUFBIODSL  STARTER Fenewahles - Biodiesels B SUPDILCOI STARTER Ol - Crude Qil
SUPBIOGAS  STARTER Renewables - Biogases B SUPCILDSL  STARTER  Oil- Diesel
SUPEBIOGEL  STARTER Fenewshles - Biogasoline B SUPOILDST  STARTER  Distilate
SUPBIOMA  STARTER  Rerewables - Industrial Waste g gggg}tggﬁ gﬁigﬁg;‘ 811155“5“5'
SUFBIOJKE STARTER Fenewahles - Bio ._Je_t Kerosene B SUPOILGSL  STARTER  Oil-Gasoline
SUPBIOMSW  STARTER Fenewsbles - Municipal Waste B SUPOILIET  STARTER  Oil- JetFusl
SUFPBIOPSF  STARTER Fenewshles - Primary Solid Biofuels |B SUPOILITF STARTER  JetFuel
SUPCOAANT  STARTER Coal - Anthracite B SUPOILKER  STARTER Oil-Kerosene
SUPCOABFG STARTER  Coal-Blast Fumace Gas g HUPOLLE  BrAAwER  Ol-UE
SUPCOABKE STARTER  Coal-Briquettes = gﬂgg}th‘ﬁ EQQEE 8‘}’;”‘@”???”‘5
SUPCOACCO  STARTER  Coal-Coking Coal e N
d B SUPODILMNGL STARTER Qil - Natural Gas Liquids

SUPCDACOG  STARTER Coal - Coke Oven Gas B SUPOILNSO  STARTER  Oil- Non-specified Qil Products
SUPCDAGCO  STARTER Coal - Gas Coke B SUPDILPCO  STARTER Qil - Patroleum Coke
SUPCOAGWG STARTER Coal - Gas Works Gas S gﬂggtg;ﬁ gﬁgﬁg EE:’UIEhemgﬂLFEEdSlUCkS
Ly —li etroleum Loke
SHIPCOALE SZARER Codl-Ligi . . B SUPDILRFE STARTER Qil - Refinery Feedstocks
SUPCOAQBZ STARTER Coal - Other Bituminous Coal B SUPOILRFO  STARTER Residual
SUPCOAORG STARTER Coal - Other Recovered Gases B SUPRNWETH STARTER Ethanol - Supply
SUPCOAPEA  STARTER Coal - Peat B SUPRNWGED STARTER Renewsbles - Geothermal
SUPCOASBC  STARTER Coal - Sub-Bituminous Coal Bl SUPRNWH2 — STARTER  Hydrogen-Supply
SUPGASMAT STARTER  Matural Gas: Supply Sgggamggf gﬁi?g&ﬁ QEHEWBE}ES'E‘V‘WD

3 - . enewanles - s0lgr
UFEREHP  SURRAIER R G e B SUPRNWTWO STARTER  Renewables - Tide, Wave and Ocean
SUPNUCLER  STARTER  Muclear: Supply B SUPRNWWIN STARTER  Renewables -Wind

9 This list encompasses all the energy forms listed in the standard IEA Energy Balance. However, currently there
may not be technologies that produce/consume some of those listed.
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For each SUP<core><type> fuel thaeeds to be a corresponding INBXPMIN<energy carrier>
process that either takes imports froor sends exports tthe IMPEXP region, or produces domestic
resources from the MINRNW region respectivelith the current list of resource supply optiongdid
in Figurell.

Figurell: Imports & Domestic Resources Supply Options

Description
G = al

IMPSUPCOAANT-1  STARTER  Import Coal - Anthracite MINSUPCOALIG-1 STARTER  Extraction Coal- Lignite
IMFSUFCOABRE- STARTER  Import Coal - Briguettes MINSUPCOASBCA STARTER  Extraction Coal- Sub-Bituminous Coal
IMPSUPCOACCO-1  STARTER  Import Coal - Coking Goal MINSUPGASNAT-1  STARTER  Extraction Natural Gas: Supply
IMPSUPCOALIG-1 STARTER  Import Coal - Lignite ) MINSUPOILCOH STARTER  Extraction Oil - Crude Oil
IMPSUPCOASBC- STARTER  Impor Coal - Sub-Biturninous Coal 2 PNWSUPBIODSL1  STARTER  Renewables - Biodiesels
l IMPSUPNUCLER-1 STARTER  Import Nuclear: Supply 5 g ] i
: . p RMNWSLUPBIOM A1 STARTER  Renewables - Industrial Waste
B - -
:mggﬂgg:tggu gig%g :mﬁ 3!:.822230" RNWSUPEIOJKE-I  STARTER  Renewahles - Bio Jet Kerosene
IMPSUPDILFOI STARTER | R 1 Qil - Fuel O RMNWSUPBIOMSW-1  STARTER  Renewahles - Municipal Waste
mportA=ruel L RNWSUPBIOPSF-1  STARTER  Renewahles - Primary Solid Biofuels
| IMPSUPOILGSL- STARTER  Import Qil - Gasaline RMWEUPRNWGED-T STARTER  Renewables - Geathermal
IMPSUPOILJET-1 STARTER  Import Oil - Jet Fuel RNWSUPRNWHYD-1 STARTER  Renewahles - Hydro
IMPSUPOILKER-1 STARTER  Import Qil - Kerosene RNWSUPRNWSOL-1  STARTER  Renewables - Solar
IMPSUPDILLPGA STARTER  Impart Oil- LPG ENWSUPRNWTWO-1 STARTER  Renewables - Tide, Wave and Ocean
IMPSUPOILNGL- STARTER  Impart Qil - Natural Gas Liquids RNWSUPRNWAMN-T - STARTER  Renewahles -Wind

The Supply template uses the earlier v1 of the ANSWHEES templates, as the IRE parameters are not

(yet) available in the neweu2, employed for most of the other templates, so it has a slightly different
layout. The most important differences are:

1 there is a singléTEMSheet for commodities, processes, and user constraint declaration;

9 there are different data load sheets dependiupon the nature of the information to be
handled;

9 the parameters run down the rows rather than across the columns, and

1 to the right of the I/E column the individual columns are taken in the order that the periods are

handled in ANSWER *** Regardlesshaf header on Row ***,

The SETUP sheet in the Supply template operates dintdaihe other templates with one additional

wrinkle. As shown iFigurel2 and discussed below, the user may provide factors that are applied to the
assumed price for the various energy supply options and to the initial year supply to set the final period

limit ¢ linearly interpolated.
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Figurel2: Supply Template SETUP Sheet Price/Bound Factors

A B C D E
RNW Renewable
~ Source / Price Step Gary:
e IRE muttipler for EPA or other IRE (if
- blue) - if blank need to set price on
-2 new SupplyPrice sheet manually.
* Imports
* Electricity & Heat Price factor Bound factor
IMPELCT-1 Import Electricity: Transmission 1 12
GRD-ELCD-1 Electricity: Distribution 1
GRD-LTHC-1 Low-temperature Heat: Central 1
GRD-ELCD-2 Electricity: Distribution - new nolim
GRD-LTHC-2 Low-temperature Heat: Central - new nolim
*Coal
IMPSUPCOAANT-1  Import Supply - Anthracite (Hard Coal) 1 15
* IMPSUPCOACCO-1  Import Supply - Metalurgical (Coking Coal) 1 1
IMPSUPCOAOBC-1  Import Supply - Bituminous (Brown Coal) 1 nolim
IMPSUPCOASBC-1  Import Supply - Sub-Bituminous Coal 1 1
IMPSUPCOALIG-1 Import Supply - Lignite 0.85 1
* IMPSUPCOAGCO-1  Import Supply - Coke 1 1
* IMPSUPCOABKB-1  Import Supply - Briquettes 11 1
* IMPSUPCOAGWG-1 Import Supply - Town (Coal) Gas 1 1
* IMPSUPCOACOG-1  Import Supply - Coke Oven Gas 1 1
* IMPSUPCOABFG-1  Import Supply - Blast Fumnace Gas 1 1
IMPSUPCOAORG-1  Import Supply - Other coal product 1 nolim
* IMPSUPCOAPEA-1  Import Supply - Peat 1 1
= il 1
* IMPSUPOILCOI Import Supply - Crude Oil 11 1
*  IMPSUPOILNGL-1 Import Supply - Matural Gas Liquids 11 1

The commodity and process na)eescriptiors, units, andset membershipare enteredon the ITEMS
sheet as inFigurel3. Note that the regionin ColAneed to align according tilve nature of the
possible supply sources.

Figurel3: Supplyltems Declaration Sheet, and Set Membership Specification Form

A B c D E F G | Specify Commodity Set MemberShips
ITEMS “GLORALIMFERF MINRAW S TARTER | Gary: . o Sat ik om th o L= lonf node in the LHS resvicw:
1f a commodity or process that has a region designation in cok-A is NOT to be included in o ’ip“"y,\g B’: tck on the i b click_u:?h:%l(gl;zﬂu: I
Check Sheet the mode! then make sure to move the reginoal specification to the next appropriate line!!l had B
Component Unit{s) Set Memberships Set Memberships
Comp  Nams Description Unitls)  Set Memberships Comment 8 iomgggfaw d(fcn?éjnargy Services (DEM) Additional Characterization
: ::xMOC[:::::;S o L Agricultural (AGR) O Annual Time Sice Level
9y ¢ o] L Commercial (COML) ©  Seasonal Time Siice Level
* Electricity & Heat o L Industrial (IND) ©  weekly Time Siice Level
‘\MF’EXP, STARTER E ELCT Electricity: Transmission PJ COM.NRG.DAYNITE ELC 8 L NO'?'E?ETQ\S (NE) @lzmk]{—. ht Time Siice Level
i L Other (OTH
STARTER E ELCD Elechricity: Distribution PJ COM,NRG DAYNITE ELC o | Resiential (RES)
STARTER E LTHC Lowtemperature Heal: Certral PJ COMNRG.SEASOM LTHEAT o L Transportation (TRN)
STARTER E LTH Low-tsmperature Heat Distribution PJ COM.NRG.SEASON.LTHEAT © N Energy Carrier (NRG)
- [} L Conservation (CONSR!
Coal ®
IMPEXPMNANW, § E SUPCOAANT Supply - Arihracite (Hard Coal] PJ COMNRG.ANNUAL FOSSIL o L Fossl (FOSSIL)
- E SUPCOACCO Supply - Metalurgical (Coking Coal) PJ COMNRG_ANNUAL FOSSIL e} L High-Temperature Heat (HTHEAT)
IMPEXP MINFNW, 5 E SUPCOADBC Supply - Bituminous (Brown Coal) PJ COM.NRG.ANNUAL FOSSIL 8 L Limited Renewable (LIMRENEW)
IMPEXPMNANW, S E SUPCOASEC Supply - Sub-Bituminous Coal PJ COMNRG_ANNUAL FOSSIL o 'L‘ hﬁgﬁ"ﬁﬁj@fﬁ;e fieat (LTHEAT)
IMPEXP MNANW, S E SUPCOALIG Supply - Ligrite PJ COMNRG.ANNUAL FOSSIL o L Synthetic (SYNTH)
- E SUPCOAGCO Supply - Coke PJ COM,NRG_ANNUAL FOSSIL 8 L Unimited Renewable (FRERENEW)
N Environmental Indicator (ENV)
- E SUPCOAEKE Supply - Briquett PJ COMNRG,_ANNUAL FOSSIL
PR STctes o - Q L Greenhouse Gas (GHG)
- E SUPCOAGWS Supply - Town [Coal] Gas PJ COMNRG_ANNUAL FOSSIL o L Other (OTHENV)
- E SUPCOACOS Supply - Coke Oven Gias PJ COMNRG_ANNUAL FOSSIL O N Material (MAT)
- E SUPCOMEFG Supply - Blast Funace Gias PJ COMNRG.ANNUAL FOSSIL e L Volume (MAT_VOL)
o L Weight (MAT_WT)
IMPF P AN S F QI PrNACRR S - Pber eal nonch et X FOM NRR ANNIIAL FASSI = — I At

After the commodities (energy carreand emissios) are declareqon the ITEMS sheatcording to
SETURthe topology information needs to be provided on the TOPData sheqivia TOP_IR
indicators) and the main commoditgieliveredidentified on the CommSupID_Data sheet (via
PRC_ACTUNT), as showhigurel4.

TIIMESStarter Model Guidelines for Use, Version 1.0 20



Figurel4: Supply Options Topology and Product

TID TRADEIMPEXP MINRNW STARTER TID DATA IMPEXP MINRNW STARTER
Check Sheet Check Sheet
Paramett  Arg1 Arg2 | A I I Argé | Parameter Arg1l | i Argd Ar Ar Argé
S‘B"CI‘” Internal  Topology IREP Source ia | wia | Internal Set Regions Parameter IRE Process nia Commodity nfa nfa nla Value
Reggison Region  Parameter rocess Commedity ™M@ ™@ ™M@ commeodity IRE | Resource Supply Options
* On TID TRADE sheet, a single region must be specified in column A (a comma-separated region- IE"I“:Utnfs'ty 2 Heat
: ectricl ea
*R S ly Opti
esource Supply Uptions IMPEXP STARTER  PRC ACTUNT  IMPELCT-A -~ ELeT - F 1
* Imports |*Cnal
~ Electricity & Heat IMPEXP STARTER ~ PRC_ACTUNT  IMPSUPCOAANT-1 -  SUPCOAANT - 1
IMPEXP  STARTER TOP_RE  IMPELCTA ELCT - - - FECT 1 = STARTER “YPRC_ACTUNT  IMPSUPCOACCO-1 - SUPCOACCO - 1
“Coal IMPEXP,STARTER  PRC_ACTUNT  IMPSUPCOAOBC1 - SUPCOAOBC - 1
IMPEXP  STARTER TOP_RE | IMPSUPCOAANT-1 |SUPCOAANT |- - -  SUPCOAANT 1 IMPEXP.STARTER  PRC_ACTUNT  IMPSUPCOASBC-1 -  SUPCOASBC - 1
. STARTER TOP_IRE IMPSUPCOACCO-1 |SUPCOACCO - - -  SUPCOACCO 1 IMPEXP,STARTER  PRC_ACTUNT  IMPSUPCOALIGA -  SUPCOALIG 1
IMPEXP  STARTER TOP_RE | IMPSUPCOAOBC-1 |SUPCOAOBC - - -  SUPCOAOBC 1 |~STARTER PRC_ACTUNT  IMPSUPCOAGCO-1 - SUPCOAGCO - 1
IMPEXP  STARTER TOP_IRE IMPSUPCOASBC-1 |SUPCOASBC - - -  SUPCOASBC 1 |*STARTER PRC_ACTUNT  IMPSUPCOABKB-1 - SUPCOABKB - 1
IMPEXP  STARTER TOP_IRE  IMPSUPCOALIG-1 SUPCOALIG - - - SUPCOALIG 1 = STARTER PRC_ACTUNT  IMPSUPCOAGWG-1 -  SUPCOAGWG - 1
- STARTER TOP_IRE  IVPSUPCOAGCO-1 | SUPCOAGCO - - -  SUPCOAGCO 1 |+ STARTER PRC_ACTUNT  IMPSUPCOACOG-1 - SUPCOACOG - 1
STARTER |TOP_IRE IMPSUPCOABKB-1 |SUPCOABKB - - -  SUPCOABKB 1 = STARTER PRC_ACTUNT  IMPSUPCOABFG-1 - SUPCOABFG - 1
STARTER TOP_IRE  IMPSUPCOA SUPCOA 1 IMPEXP,STARTER  PRC_ACTUNT  IMPSUPCOAORG-1 - SUPCOAORG - 1
STARTER TOP_RE  IMPSUPCOA SUPCOA 1 = STARTER PRC_ACTUNT  IMPSUPCOAPEA-1 - SUPCDAPEA - 1
. STARTER TOP_IRE  IMPSUPCOA SUPCOA - - - 1 il
IMPEXP  STARTER TOP_RE IMPSUPCOAORG1 |SUPCOAORG - - -  SUPCOAORG 1 sTaRIER PRC ACTUNT  IMPSUPOILCOKT ~ISUPOILGOI 1
- STARTER TOP_IRE IVPSUPCOAPEA-1  SUPCOAPEA - - -  SUPCOAPEA 1 YSTARTER PROAGTUNT  IMPSUPOILNGL- . SUPOILNGL 1
" 0il = STARTER PRC_ACTUNT  IMPSUPOILRFE-1 - SUPOILRFE 1
. STARTER TOP_RE  IMPSUPOILCOI-1 SUPOILCOI |- - - |SUPOILCOI 1 =STARTER PRC ACTUNT  IMPSUPOILETH-1 . SUPQILETH 1
STARTER TOP_RE IMPSUPOILNGL-1 ~ |SUPOILNGL - - -  SUPOILNGL 1 IMPEXP.STARTER  PRC_ACTUNT  IMPSUPOILLPG- _ SUPOILLPG 1
STARTER TOP_IRE IMPSUPOILRFE-1  SUPOILRFE - - - SUPOILRFE 1 IMPEXP.STARTER  PRC ACTUNT  IMPSUPOILGSL-1 . SUPOILGSL 1
. STARTER TOP_IRE  IMPSUPOILETH-1 SUPOILETH |- - -  SUPOILETH 1 WMPEXP STARTER  PRG ACTUNT  IMPSUPOILJET-1 . SUPGILET 1
IMPEXP  STARTER TOP_IRE IMPSUPOILLPG1  SUPOILLPG - - -  SUPOILLPG 1 MPEXP STARTER  PRC ACTUNT  IMPSUPOLLKER-1 - SUPOLKER - 1
INMBPEYD: QTARTER _TNP IRE IMDSI DN (8] A QUIDNN el - - . Ll Ni=lalIWat=T 1 .
IMPEXP STARTFR _ PRC_ACTUNT _ IMESUPOI NS -1 - SUPQINSL - - - 1
» - | SETUP | EB [TREGIONST [ITEMST TOP IRE-TIDData |FSUPPTFIDIDATAT ™" ™“SErip | EB [ REGIONS | [ITEMS!|[JTOPURE-TIDDatal| Supply-TID DATA

Data to be associated wittihe supply opions isprovided onSupplyTSDatand Grid&Pipeline+BNDS
sheet, mosnotablythe resource supply cosedanylimits (via IRE_PRIGEIT BNEfor eachsupply
step curve for eachommodity, as appropriatd-igurel5 shows some samplerices The pricesare

taken from the USDOE ElAnnual Energy Outlook (AE®)ith the user price factor from SETUP applied
Where the AEO does not priole data for a particular fuel, eithedjustmentfactorsfrom SETUP are
appliedto the price of asimilar commodityor just placeholders provided where cells are colored
according to:

EPA =white or green where green denotes the same EIA data used for >1 commaodity;
IRE = blue not in EIA price, but instead derived from another IRE;

Other = yelbw when pull from other sources, or

Non-specified = red text, not yet setuquser to provide.

=A =4 =4 =

These prices are provided merely as a starting point to get the model running and behaving reasonably.
Theuserneedsto adjustthe price information and updatéhe potential limitsover time for their

situation. Furthermoreit may be the case that a particular commodity has more than one source (e.g.,
imports from different countries) and price (for example, less expensive open pit and more expensive
mine coal)lf this is the case then the entries for a similar supply option should be copied/inserted on

the SETUP, Items, TOP_IRE, both Supply sheets as well as the BNDs sheet, incrementing the final
character price index for each new supply source incrementedr(ses 8183 of the SETUP sheet).

Note that with respect to both the price and bounds the user is free to drop théi&d&ormulas and

enter their data over the time horizon.
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Figurel5: Supply Option$rices

TS TRADE IMPEXP, MINRNWY, STARTER Color Key:
SETUP(factor)*data, where data is:
Check Sheet - EPA = white or green, where green denotes the same EIA data use

- IRE = blue not in EIA price, but instead derived from another IRE

Populate Paramet  Arg1 Arg2 | Arg3 Argt  Ar VE OD1_ gther = yellow when pull from other sources

DataY ears - Non-specified = red text, not vet setup - user to provide

Source/ . )
Internal Dest _ Frice IRE Process Commodity 1M W Import! 0 VE 500 2015 2020 2025 2030 2035
Region Region Parameter slice a Export Opt

* On TS TRADE sheet, a single region must be specified in column A (a comma-separated region-list is not allowed)
* Resource Supply Options

* Imports

* Electricity & Heat

STARTER IMPEXP IRE_PRICE IMPELCT-1 ELCT ANMNUAL IMP 0 36.04 36.30 3713 37.07 38.18 39.34
*Coal

247 254 291 3n 3.34 352
To3aa” 467" 547" 6.53" 753" 564"

247 254 291 31 334 352

247 254 2.9 3N 3.34 352

STARTER IMPEXP IRE_PRICE IMPSUPCOAANT-1 SUPCOAANT  ANMNUAL IMP 0
* IRE_PRICE IMPSUPCOACCO-1 SUPCOACCO  ANNUAL IMP ]
STARTER IMPEXP IRE_PRICE IMPSUPCOACBC-1 SUPCOAOBC  ANNUAL IMP ]
STARTER IMPEXP IRE_PRICE IMPSUPCOASBC-1 SUPCOASBC  ANMNUAL IMP 0
STARTER IMPEXP IRE_PRICE IMPSUPCOALIG-1 SUPCOALIG ~ ANNUAL IMP 0 244 250 287 3.07 3.29 J4ar
* IRE_PRICE IMPSUPCOAGCO-1 SUPCOAGCO  ANNUAL IMP o 11 ED‘_'
IRE_PRICE IMPSUPCOABKB-1 SUPCOABKE  ANNUAL IMP 0 3.16 3.24 3.72 3.97 4.26 4.50
IRE_PRICE IMPSUPCOAGWG-* SUPCOAGWG  ANNUAL IMP 0 11.60
IRE_PRICE IMPSUPCOACOG-1 SUPCOACOG  ANNUAL IMP ] 11.60
0
0
]

IRE_PRICE IMPSUPCOABFG-1 SUPCOABFG ~ ANNUAL IMP 11.60

STARTER  IMPEXP IRE_PRICE IMPSUPCOAORG-1SUPCOAORG ANNUAL  IMP 11.60 11.60 11.60 11.60 11.60 11.60

- IRE_PRICE IMPSUPCOAPEA-1 SUPCOAPEA ANNUAL  IMP 11.60

*Qil

- IRE_PRICE IMPSUPOILCO1  SUPOILCOI  ANMUAL  IMP 0 852 .41 7.37 8.32 9.08 9.90
IRE_PRICE IMPSUPOILNGL-1 SUPOILWGL ~ ANNUAL  IMP 0 858 10.35 11.30 12.31 1354 14.88
IRE_PRICE IMPSUPOILRFE-1 SUPOILRFE ~ ANNUAL  IMP 0 1180

- IRE_PRICE IMPSUPOILETH-1 SUPOILETH  ANMUAL  IMP 0 1160

STARTER  IMPEXP IRE_PRICE IMPSUPOILLPG-1 SUPOILLPG ~ ANNUAL  IMP 0 860 10.37 11.33 12.34 13.57 14.91

STARTER  IMPEXP IRE_PRICE IMPSUPOILGSL1 SUPOILGSL ~ ANNUAL  IMP 0 38.03 32.99 31.96 34.19 35.64 37.98

STARTER  IMPEXP IRE_PRICE IMPSUPOILJET-1 SUPOILJET ~ ANNUAL  IMP 0 2872 23.81 24.32 27.43 29.62 32.27

» .| SETUP | EB |REGIONS" | ['ITEMS™ "TOPIRE-TIDData " |"SUpply=TID'DATA™ SupplyPrice-TSData |["Grid&Pipelin ... ]

It is expected thaall fuels can be found in the IEA energy balance needed for a country. However, if you
R2 ySSR (2 FTRR | FdzSftx dzaS | O2ftdzvyy GKIFGQa y2i
which should then cascade into the Supply (and the BY workbedREMEMBER to open/save all said

EB dependent workbooks when making changes to the energy balance specfjcation.

Note that any emissionthat are to be associated with the energy carriers also need to be provided and
their emission rate specified on a Coiata sheet drawn from the EB workbook. The current template
contains sector wide emissions accounting for foa$ed Cg CH4, and N20O. Provision for handling
SQand NOXx for other sectors and PM10 for the electric sector emissions could also be extracted f
the US9r database, though is beyond the scope of the Starter model (currently).

Also, note thassincethe TIMESStarter ig(currently)a single region model there is no internalldtieral
trade depicted.

5.3 Power Sector

5.3.1 Organization of the Power Secto r Workbooks

This portion of the database resides in BB¥/NTFPPworkbooks, which containseveral power plant
procesdata sheetsassummarized iTable4, along with their corresponding ER/S9rand DEAlata

sheets In addition, trough not listed, as discussedthe introduction to this Sectiorthe BY template
includes an EB sheet tied to the EB workbook, both have a SETUP and Commaodity/Process declaration
sheets. The SET#bd in theNTtemplateis linked directly to the correspaling BY sheet for the

commodity and plant type names to help ensure consistefiog final sheet ProcData_XPR{slefines
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the sector fuel and emissions tracking procese@3/NVR<fuelpthat link the supply commaodities to the
electric power sectgrand isonly found in the BY shedtf another new transmission line is needed it
should be added to th&URemplate with the appropriate start year (NCAP_START) and cost
(NCAP_COST)

The inclusion/exclusion and any adjustment to the names/descriptions detiteologies to be

included in youTIMESnodelis fully controlled by the SETUP sheet for all the EPA/other piams

which data is takenf you want to add additional plants, it is recommended that their names be built by
copyindpastinga similamplant on SETUP, then adding a counter (or quality indicator) to the end of the
name. The plant then needs to be added to Processes and th&eR8RP (or other) ProcData
loadsheets, either with data entered directly or by linking to a source data sheethsdeBA

plants/sheets for examples).

Table4: Data Sheets in Electricity Generation Technologies Workbook

Spreadbeet Name Description
ProcData NewPP New power plant technologiessingcoal, gas, nuclear, biomass an
- geothermal
ProcData LFG&MSW New power plant that use landfill gas or municipal solid waste.
ProcData_CHP New combined heat & power plants.

New coal & gas power plants with carbon sequestration, as well
ProcData_CCS existing plant retrofit options, and a "sink" teceive the
sequestered CO

ProcData_Solar&Wind New solar & wind power plants.

Sector fuel processes to move energy carriers from SUPply to Pqg

ProcData_XPRCs sector.[BY only]

5.3.2 Electric Sector Naming Convention s and Units

In TIMES, electric generati technologies take in one or mefuels(energy carriersand convert them
to electricity for useby other processes and demand devicBswer plant capacitynits aregigawatts
(GW), and power plaribvestment and fixe@perating and maintenance (O&Mpsts are given in terms
of monetary unitsper GW. Like all other energy carriers, tidectricity produceds denominated in
units of petajoules (PJand is related to the plant capacttyrough a conversion factor of 31.536
PJ/GWyr. VariableO&M costsare thus expresseith monetary units per PJ.

The technologies representedtime power plantdatabase range from fossil fuel conversion

technologies to nuclear and renewable technologies, including combined heat and planes with

options for(new)CQ capture and sequestrationThe naming convention for electric generating
G§SOKy 2t 23ASEQ 44K NNifectrisiby Shd<M BADHE HPfor heatonly plants followed

by asixcharacter identifier representing the fuel (energy carrier) tyqed a two-character identifier
representing theplanttechnology typeas illustrated inTable53 ¢ K S NBexigtingordd EEZ NJF 2 NJ
advanced anadditional qualifiers where needed may be appended
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Tableb: Electricity Generating Planfype andQualifiers
* Plant Types

EE Electricity Generation
EH Coupled Heat & Power
HF Heating Plant

* Technology Types
cC Combined cycle
CCS CO2 Capture & Storage
CP CHP
cT Combustion turbine
DI Hydra (Damy}
EN Engine
GT Gas turbine
IG Integrated Gasif.
LWR LWR
OF Offshare
ON Onshore

* PS5 Hydro (Pumped Storage)
PV Photovoltaics
RR Hydra (Run-of-River)
ST Steam turbine
TC Thermal Central
X0 Existing

Note that in terms of emission control no scrubber retrofits and only newsQuestration
are implemented at this time.

5.3.3 Power Plant Technology Names and Descriptions

The EPAJS9r databasis the primarysource of data for the newlectridty generation technologies
supplemented by the DEA CHP and HPL plants antbioperature heat devicedhis datawill be
augmentedwith data from otherpublicsourcesover time includingbut not limited toUS DOE, IEA
ETSARTechDS, IEAand needed

Table6 lists the new electrity power plant optionsfound inthe databasecurrently. Note thatin the

case ofhew hydroelectric plantghey need to be characterized based upon local conditjansl
thereforethose in the NTemplate servemainly asexamples awaitingser input.Also, in US9r therare
numerous instances difiomass, solar andinwd, where data from a single region is used and only one
wind class just norom the F'instance encountered by the VLOOKUBuUt grabbing data from a US
region more aligned with the country of study and/adding additional wind classes can readily be done
as desiredIn general, the user needs to factor in local circumstance (e.g., land and labor costs) for all
the power plant data provided.
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Table6: NewPower PlantTechnologies

= USDOEMEFA Technologies
= Standard Power Plants

EECOADBC-ST Biturminous [Brown Coal] - Stearn turbine ECSTRMREOMNR
EECOASBC-5T Sub-Bituminous Coal - Stearn turbine ECSTHMRSONRA
EECOALIG-ST Lignite - Steam turbine ECSTRRALOMA

EEGASMAT-CC Matural Gaz - Combined cucle ENGACCTS
EEGASMAT-CCA Matural Gaz - Combined cucle [ Advanced) ENGAACT
EEGASHAT-CT Matural Gas - Combustion turbing EMNGACTIS
EEGASMAT-CTA Matural Gaz - Combustion turbine [Advanced) ENGAACT
EECOALIG-G Lignite - Integrated Gasif. Combined cucle ECOALIGCC
EEMUCLER-LwWHR  Muclear - L'WH ELRRALWHIS

" LFG&MSW Plants
EEBIOGAS-ER Biogaszes - Engine ELFGICE
EEBIOGAS-GT Biogaszes - Gas turbine ELFGGET
EEBIOGAS-ST Biogazes - Stearn turbine ELFGST
EEBIOGAS-CC Biogaszes - Combined cucle ELFGECC
EEBIOMSW-5T Funicipal Waste - Stearn turbine ErASWST

™ Renewables Plants
EEBIOPSF-IG Prirnary Selid Biofuels - Integrated Gasif. Combined EBICIGCC
EERMNWGED-ST Geotherrnal - Stearn turbine EGECOBECFS
EERMWGEED-A Geatherrnal [Advarnced) EGECEGS
EERMWSOL-PY4E  Solar - Photovaoltaics: Class!CostCat 4E ESOLFPYVCAE
EERMWSOL-TCIE  Salar - Thermal Central: ClassCostCat 1E ESOLSTCHIE
EERMWWIMN-ONZA  Wind - Onshore: ClassiCostCat 34 EWHDOM 34
EERMWWIMN-ONIE  Wind - Onshore: ClazsiCostCat 3B EWwWhDOMIE
EERNWWIN-ON3C  Wind - Onshore: ClazsiCostCat 3C EWwWhDONIC
EERMWWIMN-ONID  Wind - Onshore: ClazsiCostCat 30 EWwWHDOMID
EERNWHYD-Dk Hudro [Dam)

*  EERMWHYD-PS Hudro [Purnped Storage)
EERMWHYD-FRR Hudra [Run-of-Fiver]

= Danish Energy Agency Technologies

= CHP Plants DEA_CHP
EHBIOPSF-ST Coupled Heat & Power Primnary Solid Biofuels - Stear direct link
EHCOAAMT-ST Coupled Heat & Paower Anthracite [Hard Coal] - Stear direct link
EHGASMAT-CC Coupled Heat & Power Matural Gas - Combined cucle direct link
EHGASMAT-EM Coupled Heat & Paower Matural Gas - Engine direct link

*  EHOILFOI-CP Fuel Gil - CHP ECHFPOIL

= District Heating Plants DEA_DHP

Also shown iTable6 is the EPA technology name thatised for the VLOOKUP into the source data

sheets, along with the reminder that the DEA data is linked directly into their associated source data

sheets.

Warning be sure to adhere to the basic naming convention of the components
(that is use the samapproach and number of characters as for some other ent
or the ANSWER named TechFilters and VBE Sets may no longer operate pro

Bydefault power plants are included if the commaodity is part of the energy balance for the sector

(including the removal of the base year 0 in thelBBYEB sheet and needed in a later year, as discussed
S E LINoreGhatihe plantd &

earlier) and the technology type is active (thatigino ¢ f ¢ 2 dzi

and technology type in the BY template become the default irAdok inclusion/exclusion in the NT.

Any power plant may be eliminated By (i S NA& y 3A oa the SEYUP sheidteither workbook If
there is a need taddeda new power plantdo soby copying a similar type gflant@ nameon the

SETUP androcesgleclaration sheets, and then thaatablocks on theappropriate ProcData_* sheet

Most of the names are carefully built from $referencegheir components, so after copying only minor

TIIMESStarter Model Guidelines for Use, Version 1.0

25

iKS



adjustments need to be done to say change a fuel or technology instance. However, if adding a new
technology there will be no corresponding data on the source data sheets, so the appropriate numbers
will needto be provided or linked if you have your own source data sheet that is included in the
workbook Also, be sure when adding an existpignt not yet in the databaséhat the plantalsogets

added to the Calibration sheefppropriately (by copy/inserting similar plant in the same group)

5.3.4 Power Plant Technology Data

The power plants are split into five groups by EPA: general (NewPP), landfill gas and municipal solid
waste (LFG&MSW), combined heat & power (CHPS), other renewables (Solar&Wind), and carbon
capture & storage (CCS). For each of these there are EPA_ and corresponding ProcDaavhsreet
the latter links to the formefor the actual datsdby means of VLOOKUR#e original EPA plant name is
replicated (from the SETUP sheet) for use in theQKI@PFor the most part parameters are aligned

and run across the workbook in the same order on the ProcData sheet as their associated source data
sheets. However, there are exceptions, and the EPA data sheets are indexed to allow easier
identification ofthe proper column index to use in thdOOKUP exprdsn. In addition the cost
parameters are converted to the local currerised upon the factor entered on the SETUP sleeet

the input oriented MARKAL efficiency inverted for the TIMES defaulubuairmalized equivalent.

A snapshot of a power sector ProcData loadsheet is shoWwiginel6. In the case of the DEA sheet
(below) note that there is no TechLookUp column, reinforcing the fact that e&ffov source data sheet
is referenced by means of direct links to the source data sheet, as opposdploying VLOOKUP.
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Figurel6: Power SectoNew PlantsLoadsheet

Proc STARTER
Check Sheet jchame, ProcDesc, Units Commin | CommouT ‘
START LIFE CAPLNIT PEAK[CON)  AF Flx0m VAROM  INP[ENT]e INPIENT]c INP[ENT)e INWCOST  INWCOST  INVCOST
pansiEy PRC_VINTMNCAP_STARNCAP_TLIF PRC_CAPACTNCARP_PKCMTHCAP AF-UP MCAP_FOb ACT_COST ACT EFF ACT_EFF ACT_EFF NCAP COSTNCAP_COSTMCAP COST
Qualifiert ANNUAL ANNUAL ACTGERP  ACTGERP ACTGRF
Qualifier? ANMUAL  ANMUAL  ANNUAL
ProcUnit ct Tech
ProcName ProcDesc s CommIN CommDUT iv| Lookup TID TID TID 2020 2025 2020 2025
= Standard Power Plants
EECOADBC-ST Biturninous [Brown |PJGW  PwRCOADEC ECSTMRBONFE 1 205 43 31536 0.95 0.9 370 126 03877 0.3891 03304 2779617
ELCT
¥ EECOASBC-ST Sub-Bitumirous Co.PAGYW — PWRCOASBC ECSTMASONE 1 a8 45 31536 035 09 3170 126 0387 03831 03304 27FAET
ELCT
r EEGASMAT-CC Natural Gas - Combi PUGYW  PWREASNAT EMGACCTS 1 2015 an F1E36 0.55 08 1333 102 04840 04840 04840 BB5 3877 B86.3877 BBE.3877
ELCT
r EEGASMAT-CC Natural Gas - Comnbi PLGW — PWRGASMAT ENGAACT 1 2020 30 31536 0.95 0.9 BE2 0.92 05306 05347 05388 SE0.E100 929.3902 9137803
ELCT
r EEGASNAT-CT Natural Gas - Combi PUGW — PWRGASMAT ENGACTIS 1 2015 eir) 31536 0.95 03 746 436 03125 03125 03125 933.2631 939.2631 939 2631
ELCT
r EEGASNAT-CT Natural Gas - Combn PUGW  PWRGASMAT ENGAACT 1 2020 0 fejhaxly 0.95 0.9 18 293 03493 03723 0.3991 E51.5884 B27. 038 E14.9265
ELCT
¥ EECOALIGAG Ligrite - Integrated CPUGYW — PWRCOALIG ECOALIGCC 1 2 40 31536 035 09 5224 204 03322 04225 04580 35832279 34434820 33736091
ELCT
r EENLCLER-LW Nuclear - L'wWR PlGEwW  PWRNUCLER ELRNALWRI 1 2015 45 31636 0.55 03 a482 060 03408 0.3400 03400 48416774 46356340 44786620
ELCT
r EECOALIG-ST Ligrite - Stearn turbi PJGW  PWRCOALIG ECSTMRALONFE 1 205 43 31536 0.95 0.9 370 126 03877 0.3891 03304 2779617

ELCT

_ProcData EPA-Newp ;

Note that the vintage flag is set automatically if more than 1 efficiency is providedgtant, that isf
its performance is expeetl to improve over time.

5.3.5 Calibration of the Initial Year

The power sector needs to properly reflect the first year fuel consumption and generation levels, as well
as the proper amount of installed capacity fach plant type. To do this the EBergy lalance sheet is
automatically filled from the EB workbook, with the Calibration shEgurel7, completed by providing
relevant information for the yellow shaded cells related to retirarngear, existing capacity, fuel
consumed, electricity generated, with the maxim availability and general overal efficiency derived

from that information which may be overwritten by the user if desired.
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