
4)-%3-3ÔÁÒÔÅÒ -ÏÄÅÌ 
'ÕÉÄÅÌÉÎÅÓ ÆÏÒ 5ÓÅ 

 

  
 

 

Prepared for ÔÈÅ )ÎÔÅÒÎÁÔÉÏÎÁÌ %ÎÅÒÇÙ !ÇÅÎÃÙȭÓ  

Energy Technology Systems Analysis Program (IEA-ETSAP) 

 

 

 

 

by DecisionWare Group 

 

 

August 2016 

 



TIIMES-Starter Model Guidelines for Use, Version 1.0   i 

Table of Contents  
Table of Contents ........................................................................................................................................... i 

List of Figures ................................................................................................................................................ ii 

List of Tables ................................................................................................................................................ iv 

1 Introduction .......................................................................................................................................... 1 

2 Organization of the Model Templates .................................................................................................. 2 

2.1 Model Folder Orientation ............................................................................................................. 2 

2.2 Template Components .................................................................................................................. 4 

2.3 Connecting with the EPA US9r Data ............................................................................................. 5 

2.4 Template Naming Conventions ..................................................................................................... 7 

3 RES Component Naming Conventions and Units .................................................................................. 9 

4 Organization of the TIMES-Starter RES ............................................................................................... 12 

5 A Look at the Input Data Workbooks .................................................................................................. 14 

5.1 Energy Balance ............................................................................................................................ 15 

5.2 Supply .......................................................................................................................................... 18 

5.3 Power Sector ............................................................................................................................... 22 

5.3.1 Organization of the Power Sector Workbooks ................................................................... 22 

5.3.2 Electric Sector Naming Conventions and Units................................................................... 23 

5.3.3 Power Plant Technology Names and Descriptions ............................................................. 24 

5.3.4 Power Plant Technology Data ............................................................................................. 26 

5.3.5 Calibration of the Initial Year .............................................................................................. 27 

5.4 Demand Sectors .......................................................................................................................... 28 

5.4.1 Agriculture........................................................................................................................... 29 

5.4.2 Commercial ......................................................................................................................... 31 

5.4.3 Industry and Oil Refinery .................................................................................................... 34 

5.4.4 Simple Flexible Oil Refinery................................................................................................. 42 

5.4.5 Residential ........................................................................................................................... 43 

5.4.6 Transportation .................................................................................................................... 45 

6 Calibration of the Base Year ................................................................................................................ 49 

6.1 Common Reasons and Remedies for Calibration Issues ............................................................. 51 

6.1.1 Mis-calibration in demand sectors ..................................................................................... 53 

6.1.2 Mis-calibration in power sector .......................................................................................... 53 

6.1.3 Mis-calibration of supply system ........................................................................................ 54 

7 Managing Scenarios in ANSWER and Submitting a Model Run .......................................................... 54 

7.1 Handling Updates ........................................................................................................................ 54 

7.2 Aligning Templates with Scenarios ............................................................................................. 55 

7.3 Importing Templates into ANSWER ............................................................................................ 57 

7.4 Submitting a Model Run ............................................................................................................. 58 

8 Adjusting the Load Duration Curve ..................................................................................................... 59 

9 Forecasting Demands .......................................................................................................................... 60 



TIIMES-Starter Model Guidelines for Use, Version 1.0   ii 

10 Reference Scenario Guidance ......................................................................................................... 63 

10.1 The Need to Guide the Reference Scenario ................................................................................ 63 

10.2 Types of Guidance Mechanisms ................................................................................................. 64 

10.2.1 Forced operation of existing devices .................................................................................. 65 

10.2.2 Market share constraints .................................................................................................... 66 

10.2.3 Hurdle rates ........................................................................................................................ 66 

10.2.4 BOUNDS and GROWTH rates on new technology uptake .................................................. 67 

10.3 A Closer Look at Market Share User Constraints in the TIMES-Starter Model ........................... 67 

10.4 Considerations for Policy Analysis .............................................................................................. 71 

11 Alternate Scenarios Basics .............................................................................................................. 72 

11.1 Managing ANSWER Scenarios ..................................................................................................... 73 

11.2 Renewable Electricity Portfolio Requirement (SCEN_RPS) ......................................................... 74 

11.3 CO2 Targets (Scen_CO2-xx) ........................................................................................................ 76 

11.4 Final Energy Consumption Reduction (Scen_LIMFEC) ................................................................ 76 

11.5 Reduction of Electricity Consumption (SCEN_LIMELC) ............................................................... 77 

11.6 GHG Emission Reduction (SCEN_GHG) ....................................................................................... 77 

11.7 Simpler Scenario Handling Directly In ANSWER ......................................................................... 77 

12 TIMES-Starter VBE Database ........................................................................................................... 78 

12.1 TIMES-Starter VBE Sets ............................................................................................................... 79 

12.2 TIMES-Starter VBE Tables ........................................................................................................... 81 

13 Using the Analytics Results Comparison Graphing Workbook ....................................................... 84 

13.1 AnalyticsXLS Graphing Tables ..................................................................................................... 84 

13.2 Managing Scenarios .................................................................................................................... 85 

13.3 Example Graphing Sheets ........................................................................................................... 87 

13.4 Metrics Tables ............................................................................................................................. 88 

14 Procedures for Adapting TIMES-Starter .......................................................................................... 89 

14.1 Changing Country Name ............................................................................................................. 90 

14.2 Customizing TIMES-Starter for Your Model ................................................................................ 90 

14.2.1 Changing Units, Periods and Timeslices {Pending} ............................................................. 90 

14.2.2 Adding New Commodities and Processes ........................................................................... 90 

14.2.3 Setup and Calibration .......................................................................................................... 91 

14.2.4 Ready the Reference Scenario ............................................................................................ 91 

14.2.5 Try some Policy Scenarios ................................................................................................... 92 

14.3 Handling More than one Region {Down the Road} ..................................................................... 92 

15 Some Advanced TIMES Features {VFE DemoS examples ς Down the Road} .................................. 92 

 

List of Figures  

Figure 1: Schematic of Starter Templates Dependencies ............................................................................. 3 

Figure 2: Aligning TIMES-Starter & MARKAL US9r Parameters/Data ........................................................... 6 

Figure 3: Demand Device Naming Example - Residential Household Heating Devices .............................. 11 



TIIMES-Starter Model Guidelines for Use, Version 1.0   iii 

Figure 4: Setting USD_Convert for a Particular Sector (Agriculture) .......................................................... 12 

Figure 5: Basic RES Organization Principles ................................................................................................ 13 

Figure 6: Backstop Process to Avoid (Most) Infeasible Solutions ............................................................... 14 

Figure 7: Energy Balance Sheet ................................................................................................................... 16 

Figure 8: Years and Time Slice Data from the EB_Starter Workbook and in ANSWER ............................... 17 

Figure 9: Sector EB and Commodity Control Sheet .................................................................................... 18 

Figure 10: Current Supply Energy Carriers .................................................................................................. 18 

Figure 11: Imports & Domestic Resources Supply Options ........................................................................ 19 

Figure 12: Supply Template SETUP Sheet Price/Bound Factors ................................................................. 20 

Figure 13: Supply Items Declaration Sheet, and Set Membership Specification Form .............................. 20 

Figure 14: Supply Options Topology and Product ...................................................................................... 21 

Figure 15: Supply Options Prices ................................................................................................................ 22 

Figure 16: Power Sector New Plants Loadsheet ......................................................................................... 27 

Figure 17: Power Sector Calibration Sheet ................................................................................................. 28 

Figure 18: Agriculture New Processes ........................................................................................................ 29 

Figure 19: Agriculture New Options Loadsheet .......................................................................................... 30 

Figure 20: Agriculture Calibration Sheet ..................................................................................................... 31 

Figure 21: Commercial Sector End-use Applications & Lighting Technology Types ................................... 32 

Figure 22: New Technology Commercial Loadsheet ................................................................................... 33 

Figure 23: EB Sheet for Residential and Commercial.................................................................................. 34 

Figure 24: Calibration Sheet for Residential and Commercial .................................................................... 34 

Figure 25: Industry ς Steel End-use Services .............................................................................................. 37 

Figure 26: Iron & Steel ς Technologies for Process Heat Production ......................................................... 39 

Figure 27: Iron & Steel ς Technologies for Facilities/Other End-uses ........................................................ 40 

Figure 28: Iron & Steel ς UCs to Guide Future Fuel Shares ........................................................................ 41 

Figure 29: Industry ς End-use Service Alignment between US9r and Country .......................................... 41 

Figure 30: Refinery Template ...................................................................................................................... 42 

Figure 31: Refinery PCG .............................................................................................................................. 43 

Figure 32: Residential End-Uses & Heating Technology Types ................................................................... 43 

Figure 33: Residential Heating Technologies .............................................................................................. 44 

Figure 34: Residential New Technology Loadsheet .................................................................................... 45 

Figure 35: Transportation Modes & Technology Classes ............................................................................ 46 

Figure 36: New Light Duty Vehicles Loadsheet ........................................................................................... 47 

Figure 37: EB Sheet for Transportation....................................................................................................... 48 

Figure 38: Calibration Sheet for Transportation ......................................................................................... 48 

Figure 39: Calibration VBE UpdateXLS Dump Tables .................................................................................. 50 

Figure 40: Calibration Results EB Table ...................................................................................................... 50 

Figure 41: Calibration EB Comparison Table ............................................................................................... 51 

Figure 42: Calibration PP Comparison Table ............................................................................................... 51 

Figure 43: Scenario/Templates Alignment ................................................................................................. 56 

Figure 44: ANSWER Template Import ......................................................................................................... 58 

Figure 45: ANSWER Run Submission ........................................................................................................... 59 



TIIMES-Starter Model Guidelines for Use, Version 1.0   iv 

Figure 46: Load Calibration Worksheet ...................................................................................................... 60 

Figure 47: Demand Template Dependencies .............................................................................................. 61 

Figure 48: BY Calibration Demand Levels ................................................................................................... 62 

Figure 49: Demand Drivers ......................................................................................................................... 62 

Figure 50: Residential Demand Forecast .................................................................................................... 63 

Figure 51: BOUNDLO Scenario Template .................................................................................................... 65 

Figure 52: ANSWER Named Filter Specification Form ................................................................................ 68 

Figure 53: ANSWER Resolve User Constraint Display ................................................................................. 68 

Figure 54: Residential Market Share Constraints ....................................................................................... 69 

Figure 55: Market Share Constraint Marginals ........................................................................................... 70 

Figure 56: UC-COM Template ..................................................................................................................... 70 

Figure 57: Device Quality Constraints in the UC-COM Template ............................................................... 71 

Figure 58: System cost example with and without relaxed guidance mechanisms ................................... 72 

Figure 59: Policy Run Objective Function Values ........................................................................................ 74 

Figure 60: Renewable Electricity Portfolio Requirement Specification Table ............................................ 75 

Figure 61: Renewable Resource Potential Adjustment Table .................................................................... 76 

Figure 62: CO2 Emission Reduction Adjustment Table ............................................................................... 76 

Figure 63: FEC Reduction Scenario Adjustment Table ................................................................................ 77 

Figure 64: Scenario Parameter Specification in ANSWER ........................................................................... 78 

Figure 65: TIMES-Starter VBE Commodity Sets .......................................................................................... 79 

Figure 66: TIMES-Starter VBE Process Sets (Partial List) ............................................................................. 80 

Figure 67: VBE Process Set Specification .................................................................................................... 81 

Figure 68: TIMES-Starter List of Tables ....................................................................................................... 82 

Figure 69: VBE Table Specification for Electricity Generation by Fuel Type ............................................... 83 

Figure 70: VBE Data Cube View .................................................................................................................. 84 

Figure 71: Screenshot of AnalyticsXLS Scenarios tab .................................................................................. 87 

Figure 72: Screenshot of AnalyticsXLS Graphing Sheet - 1 ......................................................................... 88 

Figure 73: Screenshot of AnalyticsXLS Graphing Sheet - 2 ......................................................................... 88 

Figure 74: Cumulative Metrics Tables to 2030 ........................................................................................... 89 

 

List of Tables  
Table 1: Structure of ANSWER-TIMES Smart Workbooks ............................................................................. 4 

Table 2: ANSWER Templates Dependency Table .......................................................................................... 9 

Table 3: Commodity Naming Conventions ................................................................................................. 10 

Table 4: Data Sheets in Electricity Generation Technologies Workbook ................................................... 23 

Table 5: Electricity Generating Plant Type and Qualifiers .......................................................................... 24 

Table 6: New Power Plant Technologies ..................................................................................................... 25 

Table 7:  Mapping of Starter and EPA Industry Subsectors ........................................................................ 35 

Table 8:  Industry Subsector Options .......................................................................................................... 36 

Table 9:  Starter Industry Subsector Options .............................................................................................. 42 



TIIMES-Starter Model Guidelines for Use, Version 1.0   v 

Table 10: List of AnalyticsXLS Tables for TIMES-Starter .............................................................................. 85 

 

 



TIIMES-Starter Model Guidelines for Use, Version 1.0   1 

1 Introduction  

This report describes the accompanying TIMES1 Starter model (TIMES-Starter).  The underlying premise 

of the TIMES-Starter model is to provide new users with a well thought out TIMES model structure 

employing best practices that is built from solid documented data sources. It provides 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 (templates) that collectively comprise a viable 

starting point for development of a TIMES model  - both 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 be driven by the energy balance for any particular area of study (national, regional, 

municipal), and they are customizable to facilitate more rapid assembly of an initial model by new TIMES 

users.  The intent is to provide a framework and roadmap that enables new users to assemble a high-

quality initial model that is tailored as needed to reflect local conditions in a much more expeditious and 

organized manner. 

The TIMES-Starter database is largely derived from the US Environmental Protection Agency Office of 

Research and Development (EPA-ORD) Nine-Region US MARKAL model (US9r) database2, which is a 

peer-reviewed compilation of data from EPA, US Department of Energy (DOE) Annual Energy Outlook 

(AEO)3. Where the EPA database did not provide technologies seen as important (e.g., district heat (HPL) 

and Coupled Heat & Power (CHP) plants) other credible data sources were turned to, most notably the 

5ŀƴƛǎƘ 9ƴŜǊƎȅ !ƎŜƴŎȅΩǎ4.  In a few cases, separately referenced, the technology characteristics in the 

database were updated or expanded, to plug holes or utilize 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 when new releases 

of US9r are made general available. [Full details with respect to the original USDOE AEO source data can 

be found in the US9r documentation (footnote 2) or by obtaining the full set of templates embodying 

the model.]  

                                                           
1 The Integrated MARKAL/EFOM System, see www.iea-etsap.org.  
2 EPA U.S. Nine-region MARKAL Database, EPA 600/B-13/203, September 2013, 
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&DefSe
ekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&S
eekPage=x&ZyPURL. For access to the US9r templates and database contact Carol Lenox - Lenox.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.cfm). 
4 Link to the main English index for the supply technologies - http://www.ens.dk/en/info/facts-figures/scenarios-
analyses-models/technology-data, heating device are only in Dutch at Heat Generation and Datablad for 
individuelle varmeanlæg og energitransport 2013. 

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
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This report serves as a "guidebook" explaining the basic organization, components and functionality of 

this Starter model, and provides guidelines of how to go about transforming the Starter model into a 

beginning model for a new application of TIMES. Therefore, the report describes: 

¶ the basics of the approach taken; 

¶ the underlying RES and naming conventions employed; 

¶ each of the TIMES-Starter components; 

¶ additional templates needed to complete the Starter model; 

¶ using the TIMES-Starter model under ANSWER/VEDA/AnalyticsXLS, and 

¶ how to go about adapting the Starter model. 

In addition, some examples of common policy questions that the model might be used to explore (e.g., 

CO2 emission limits or price, renewable and energy efficiency targets) are provided to complete the 

initial picture of what building and applying a TIMES model entails.  

2 Organization  of the Model Templates  

2.1 Model Folder Orientation  

The complete TIMES-Starter model is assembled in a single sub-folder sitting under the folder 

AnswerTIMESv6\Databases and named TIMES-Starter(vXX), where XX corresponds to a version number 

to make it easier to keep track of particular instances of the Starter (or later your own) model, currently 

v1.0. In this ŦƻƭŘŜǊ ŀǊŜ ŀ Ƙƻǎǘ ƻŦ 9ȄŎŜƭ !b{²9w ά{ƳŀǊǘέ ǿƻǊƪōƻƻƪǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ƻǊƎŀƴƛȊŜŘ ŀƭƻƴƎ ǘƘŜ 

lines depicted in Figure 1, for the Reference or Business-as-Usual (BAU) scenario.  

Note that these templates are linked, so that data contained in one workbook can be consistently 

shared across other dependent templates.   The schematic in Figure 1 also shows the inter-dependency 

between the workbooks, that is where a child links 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 actual change does 

not affect a particular dependent workbook. These relationships are kept in the Dependency Table 

workbook which can be checked by ANSWER to ensure consistency (of dates), as noted in Section 7.3. 
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Figure 1: Schematic of Starter Templates Dependencies 

 

These workbooks fall into the following categories: 

¶ EB   ς Energy Balance for the 1st year of the model and current load curve; 

¶ SUP   ς Resource supply and imports; 

¶ BY  ς Base year existing technologies and calibration procedure;   

¶ NT  ς New technology options; 

¶ Demand   ς Demand drivers and projections; 

¶ IND  ς Industry configuration, and 

¶ UC  - Reference guidance user controls. 

Where sector (<sect>) is noted in Figure 1 these correspond to: 

¶ Electric generation technologies [PP]; 

¶ Agriculture demand devices [AGR]; 

¶ Commercial demand devices and conservation measures [COM]; 

¶ Industrial structure and processes, including refineries [IND] {pending};  

¶ Residential demand devices and conservation measures [RSD], and 

¶ Transportation vehicle by mode [TRN]. 

In addition there are additional workbooks to assist with calibration of the electricity load duration curve 

(LoadCalibration) and check how the base year results compare to the energy balance 

(CalibrationCheck_REF) discussed in Section 6.   There are also scenario templates (S_<scenario) for 

setting up alternate scenarios, and the Analytics graph comparison workbook for comparing run results 

(TIMES-Starter_AXLS) discussed in Section 13. 
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The naming conventions employed for the templates are explained a bit later in this section. 

2.2 Template Components  

The model data is assembled in ANSWER-TIMES "Smart" Excel workbooks5 consisting of several 

worksheets as generally described in Table 1. The list in table does not cover all the sheets in all the 

workbooks, rather covers mainly the EB, BY and NT core technology templates. The sheets of the more 

specialized 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 Supply, UC, IND, and some scenario files use Version-1 (v1) of the Smart workbooks, while the 

majority of the templates use the newer Version 2 (v2), the latter being very similar in layout and 

functionality to their MARKAL US9r counterparts. 

Table 1: Structure of ANSWER-TIMES Smart Workbooks 

Worksheet Description 

ANSv1-692-Home, 
ANSv2-692-Home 

ANSWER-TIMES template sheet that is used to add new ANSWER-TIMES smart 
sheet to the current workbook, or turn an existing XLS/XLSM into a "smart" 
workbook. [Note that the v1 workbooks all begin with AT_ and the v2 workbooks 
with AT2_.] 

SETUP 
Mapping of EPA-US9r/other names to TIMES TIMES-Starter names and removal of 
unwanted items, emission factors, and USD price conversion factors. The Setup 
sheet links to the EB workbook for the list of commodities and emission rates. 

EB Information for the Energy Balance workbook for the sector. [BYs only] 

Regions 
Description of Regions for the Database where this instance of the New Techs will 
be used. [Only active on Supply template.] 

Calibration 
The calculation sheet where the energy balance is apportioned and the initial year 
technology stock established for each sector. [BYs only] 

Commodities6 

Energy carriers, emissions, materials are defined by their name, description, units 
and set memberships to be used in the rest of the sheets. In V1 templates 
commodity groups may also be declared. These are in turn controlled by the 
SETUP sheet, in most cases. [Some v1 templates have an ITEMS sheet that 
contains both commodity and process declarations.] 

Processes 

Process technologies are defined by their name, description, units and set 
memberships to be used in the rest of the sheets. These are in turn controlled by 
the SETUP sheet, in most cases. [Some V1 templates have an ITEMS sheet that 
contains both commodity and process declarations.] 

CommData 
A sheet with the data for commodities in the sector (mostly used for mapping 
sector emissions to overall emissions and providing demand levels and load 
timings. 

ProcData_<sect> or 
<nature-of-the-
data>7 

One or more sheets with the data for all technologies in the sector. [Note that the 
V1 templates have separate TID & TS sheets.] 

                                                           
5 See ANSWERv6-TIMES Smart Excel Workbook Manual for details on working with / operating the templates. 
6 For v1 templates the Commodities, Process and UC declarations are provided on the ITEMS sheet. 
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Worksheet Description 
EPA/DEA/PIEM/EC 
currently 
(IEA/ETSAP/other_
<sheet>) 

Declaration and data sheets from the EPA-US9r/Danish Energy Agency/ Pak-
IEM/Energy Community-EE databases (and perhaps other sources including but 
not limited to IEA, ETSAP eTech-DS, etc.) providing the source values for the 
technology options. 

All of the Starter workbooks employ the ANSWER-TIMES "Smart" functionality, and have an ANSv1-

692or ANSv2-692-Home sheet, and most have an EB and SETUP sheet to enable easy inclusion/exclusion 

of commodities (based initially on the EB) and technologies (according to the active commodities and 

defined process components). Explicitly excluding a commodity or technology/process is handled by 

ǇǳǘǘƛƴƎ ŀ άϝέ in Col-A. The Commodity/Process declaration and Comm/ProcData data sheets then carry 

along the "*" to have them ignored by ANSWER during the import process. If a commodity that does not 

appear in the current energy balance is needed in the future (for a new technology option), then it 

ƴŜŜŘǎ ǘƻ ōŜ άŀŎǘƛǾatedέ ƻƴ the BY EB sheet by deleting the 0 carried from the EB.  

The TIMES-Starter has a wide range of commodities and process for almost every situation. However, as 

every country has some unique features, the addition of a new commodity or process may be required.  

See Section 14.2.2 for a discussion of the process for adding new commodities or processes. 

The ANSWER BASE scenario is manually loaded with the Global parameters related to discounting (year 

and global rate), and annual timeslices. 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) timeslices. These timeslices are established in 

the LoadCurve workbook, but also found in the EB workbook where each BY and the Demand Projection 

workbooks link to them. The values in the TimePeriods & FRs tab of the EB_Starter(2013) template are  

laid out so that they can be directly copied and pasted into ANSWER if they need to be changed.   

Section 6 discusses how to adjust the LoadCurve workbook. Note that adjusting the number of 

timeslices or the inter-relationships between timeslices is certainly doable, but this would need to be 

done with care as there are lots of interdependencies and recalibration will be necessary along with 

modifying the LoadCurve calculation workbook. Therefore, changing the number of timeslice  is beyond 

the scope of the initial Starter model and will instead be discussed at a later time in a planned 

Intermediate Guide for the TIMES-Starter model. 

2.3 Connecting with the EPA US9r Data 

The technology characterization data comprising the ANSWER-TIMES (ProcData) load sheets links 

directly to a copy of the equivalent US9r ANSWER-MARKAL (or other) 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 process names as assembled on the SETUP sheet. This is accomplished by means 

of the entry in Col-H of the ProcData sheets, which in turn is grabbed from Col-D on SETUP based upon 

the Starter process name in Col-B of the same row.  

                                                                                                                                                                                           
7 For the v1 templates data is loaded from the TS&TID Data sheet for standard processes and UCs, and from 
separate TOP/TID/TS_Data sheets for Supply. [Nature-of-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 US9r database (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 user is encouraged to obtain the full US9r documentation (see 

Footnote #2). 

On each ProcData sheet above the TIMES Parameter (in row 4), the corresponding MARKAL parameter 

name is provided for reference. This also then establishes the column on the source data sheet where 

the information is to come from. The VLOOKUP function then references that column in the EPA data 

sheet and the look-up range is set to cover the entire data set, which ensures capturing the correct 

value. Also, note that the model periods come from the Setup sheet, which is linked to the EB sheet and 

thus the user should carefully ensure that the correct column is grabbed from the US9r data there. This 

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 transformations performed on the source data when and where needed.  

The most notable is for all costs, where the SETUP monetary conversion factor is set to bring all costs to 

2013 US dollars.   Others include converting from miles to kilometers for transport, and in the case of 

power plants inverting the input value (MARKAL) to efficiency (TIMES). We can see this in Figure 2 

showing the MARKAL/TIMES  templates (top/bottom) where Start=NCAP_START, LIFE=NCAP_LIFE, etc. 

as reflected in rows 3-4 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). 

Figure 2: Aligning TIMES-Starter & MARKAL US9r Parameters/Data 

 

 

Note that US9r source data sheets mix existing and new technologies. However, for TIMES-Starter the 

existing technologies and new technologies are maintained in separate templates, so the original US9r 
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source data sheet will appear in both workbooks, for each sector. But with respect to the existing 

processes modelers need to compare the characteristics of their existing set of technologies against 

those of the new standard new technologies to ensure that any impacts of local conditions are factored 

into the data.   For example, the plant conversion efficiency might be adjusted lower due to higher 

ambient temperatures, or the investment cost increased because a dry-cooling water system is 

required.  

The TIMES-Starter workbooks also detect changes in efficiency over time, and as necessary set 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, the USEPA-ORD will release the first update to the US9r model following the creation 

of the TIMES-Starter model. In discussion with USEPA-ORD they have agreed to provide a clear summary 

of every STRUCTURAL change to their templates, particularly with respect to the column order. Knowing 

this, what is envisioned for updating the TIMES-Starter is that the updated US9r MARKAL data load 

sheets will be able to be copied (using Copy/PasteValues) over the existing corresponding TIMES-Starter 

worksheet, updating all the numbers. The VLOOKUP functions will need to be modified for any column 

changes, and the VLOOKUP range expanded as needed to capture any new processes added to US9r 

data set.   These new processes and any new commodities they require will need to be added to the 

SETUP/Commodity/Process/ProcData tabs as necessary. A discussion on adding new processes can be 

found in Section 14. 

2.4 Template  Naming Conventions  

The templates employ a simple naming convention consisting of AT(2)_<country>_<nature>-<sector>, 

where all load templates start with AT (for ANSWER-TIMES) and 

¶ (2) indicates those templates employing the newer version 2 (v2) smart templates, as opposed 

to AT_ for the original version 1 (v1) templates; 

¶ <country> is currently STARTER, but should be replaced by the country or region name; 

¶ <nature> indicates the type of template, e.g., BY=base year, NT=New Tech, etc., and 

¶ <sector>  indicates the specific  energy or demand sector 

Supply, IND, UC and some scenario files use the v1 format, but the majority of the templates are in the 

v2 format. The ANSWER-TIMESver2-692.xlsm file is an empty template that may be used to create new 

v2 templates (ANSWER-TIMESver1-692 for v1), but more likely changes will involve modifying an existing 

TIMES-Starter templates or copying them to make new ones. The list of current templates is shown in 

Table 2.  

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) template. However, it is 

recommended that one does not change workbook template names, rather make new folders and make 

your changes there so that the inter-dependencies are consistent, and the ANSWER Import Scenario 

remembering the template(s) for each scenario remains intact. [Every once and a while when opening a 
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ǿƻǊƪōƻƻƪ ƛǘΩǎ ŀ ƎƻƻŘ ƛŘŜŀ ǘƻ ŎƘŜŎƪ ά5ŀǘŀκ9Řƛǘ [ƛƴƪǎέ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜ ŦƻƭŘŜǊκŦƛƭŜǎ ŀǊŜ Ǉƻƛƴǘing to the 

correct instance of the parent/grandparent.] 

To help ensure that the workbooks are properly synchronized (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 reflected in Figure 1 and Table 2. It is recommended that after 

importing changed (dependent) templates into ANSWER the user resave the DependencyXLS ς so that 

when sorted by date it serves as a reminder of those changed since last import. Also, if the user 

therefore does choose to change of the name of a template they are strongly encouraged to also 

remember to change the Dependency table. There is a bi-directional dependency between the 

LoadCalibration and EB_Starter workbooks, though neither is actually loaded into ANSWER. As such only 

a change in the LoadCalibration is monitored. When 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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Table 2: ANSWER Templates Dependency Table 

  

The templates are managed and loaded into the ANSWER-TIMES database as discussed in Section 7.  

Note that if one encounters a problem with an ANSWER "Smart" XLS not functioning properly, saving 

the current templates as an XLSX (that is, workbook without macros) and then using the ANSWER-TIMES 

ǘŜƳǇƭŀǘŜ άaŀǎǘŜǊέ ǘƻ ǳǇŘŀǘŜ ǘƘƛǎ XLSX to an XLSM is a strategy that should overcome problematic XLSM 

functionality. 

3 RES Component Naming Convention s and Units  

Good practice for TIMES models is to employ strict naming conventions for both energy carrier and 

technology names encompassing the Reference Energy System (RES).  Table 3 provides the three 

components of each energy carrier name.  Each energy carriers has a core three-character identifiers 
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(e.g., OIL, COA, RNW).  In the database, these core names are preceded by a three-character sector 

identifier that indicates which sector the energy carrier is being supplied from (SUP) or to (all others), 

and may include a qualifier identifying a subset of the core energy carrier group (e.g., hard coal, diesel 

oil, etc.) it is associated with.  For example, supply of hard/brown coal to all sectors is SUPCOAHRD/BRO, 

while coal 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 strict to include unique key words the 

description (e.g., "existing" for all technologies in place today) is critical to ensuring the correct 

functioning of the current process and commodity sets in the Starter model that enable the power of 

VEDA_Back-End (VBE) and the ANSWER Named Filters to be fully exploited. 

Table 3: Commodity Naming Conventions 

Energy Carrier 
Root 

Description 
 Energy Carrier 

Qualifier8 
Description 

BIO Biomass  ANT Anthracite 

COA Coal   PSF Biomass (primary solid fuel) 

GAS Natural Gas  BIT Bituminous 

NUC Nuclear  BRI Briquettes 

OIL Oil and Oil Products   CCO Coke 

RNW Renewables  COI Crude 

Other Will be added as needed  DSL Diesel 

   FOI Fuel Oil 

Energy Sector Description  GEO Geothermal 

AGR To Agriculture sector  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/Exports   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 in this table. 
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Similarly, naming conventions for technologies look to identify aspects of the sector or demand service 

(perhaps by type (e.g., rural/urban households, public/private buildings)), and nature of the technology 

(e.g., power plant or device type, fuel consumed, kind of demand device, and quality of the device).  For 

example, the residential heating devices in Figure 3 have their names built as: 

¶ Sector:  R  - Residential 

¶ Service:  H  - Heating 

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

¶ Fuel:  GASNAT  ς Natural Gas 

¶ Device Type F/HA/R  - Furnace/Air Heat Pump/Radiant 

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

  efficient 

Figure 3: Demand Device Naming Example - Residential Household Heating Devices 

 

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

group are given. 

In terms of units, in the US9r database all costs are expressed in 2005 US dollars, and the workbooks 

have all been designed with a conversion factor on the SETUP sheet (cell D4 as USD_Convert) to allow 

conversion to other years and currencies.  The current conversion factor is set to calculate cost 

parameters in 2013 US dollars, which corresponds to the first year of the model. However, 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 DEA data a 

different approach was taken were work was done 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.  

Figure 4: Setting USD_Convert for a Particular Sector (Agriculture) 

 

In terms of the commodity and technology attribute units: 

¶ Energy  - Petajoules (PJ); 

¶ Capacity - Gigawatts (GW) for power sector, Petajoules/annum (PJa) for most others, and 

     kilometer index for transportation; 

¶ Demand - most are Petajoules, with some transportation in passenger/freight kilometers  

      and lighting in lumens, and 

¶ Emissions  - Million/Thousand Tons (Mt/Kt). 

Note that some of the transportation demands are in terms of Billion Vehicle Miles (bvm) in US9r which 

are then converted to Billion Vehicle Kilometers (bvk) for the TIMES-Starter. 

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, refineries, pipelines, demand 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 and that each of the process is properly characterized in terms of where it 

"fits" in the energy system. The key to this simple approach is the requirement that the name of each 

commodity changes when exiting a process, where, as discussed in the next sections, employing strict 

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

Figure 5, while not from the Starter model, shows the basic approach to organizing the RES. Resources 

are imported/mined, in this case natural gas, then moved via a pipeline to either the power or demand 

sectors (here Residential), where a "dummy" sector exchange process (beginning with "X") converts the 

name of the upstream gas supply to that of the corresponding sector (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). 

Figure 5: Basic RES Organization Principles 

 

Thus, as part of employing good RES design principles, processes are often inserted at convenient points 

in the network for the purposes of facilitating tracking, collecting, and distinguishing aspects of the 

underlying energy system. One such convention employed is the use of X<sector><fuel> processes (see 

XCONGAS in Figure 5) 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 appropriate place to track sector emissions (by fuel), apply 

sector delivery charges, reflect losses in the distribution system, and reflect limits/cost of expanding 

infrastructure. 

Another good TIMES modeling practice that greatly aids in model debugging is to employ "backstop" 

processes that can produce the main commodities in the energy system by consuming a dummy 

commodity at an extremely high cost. These backstop processes (typically named ZZBCK<type> ) are 

setup to produce all conventional energy carriers, electricity, and demand services that are currently 

used in the model to help avoid infeasibilities that may arise due to a production shortfall or RES 

connectivity problem --- the most common cause of infeasibilities (along with inconsistent bounds). A 

typical ZZBCKNRG process for energy is shown in Figure 6, where a ZZBCKELC (operating at the timeslice 

level) and ZZBCKDEM are also created to supply unmet electricity or service demand(s).  If a ZZBCK 

process is called upon, it can be readily identified in the solution because the impact of its high cost will 

increase the objective function value dramatically. 
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Figure 6: Backstop Process to Avoid (Most) Infeasible Solutions 

 

 

5 A Look at the Input Data Workbooks  

This section describes by sector the nature of the various input data sheets found in the main templates 

that comprise the model. The type of sheets found in the workbooks were discussed in Section 2.2, 

while here the content with respect to the model data is the focus.  

Here all the examples shown, with 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 in the template. 

How to go about augmenting the information found in the templates, most notably adding/removing 

commodities and processes, and/or making entire new sub-sectors (e.g., splitting households into urban 

and rural) or new regions, is discussed in Section 14. 

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 explained in the ETSAP TIMES documentation (http://www.iea-

etsap.org/web/Documentation.asp). In the input templates whenever the Period=0 for any paramter 

the value provided corresponds to the override of the default interpolation rule. In the Starter (and most 

TIMES models) the I/E override is employed for: 

¶ Restricting investment in existing processes and devices via i/e=12 for NCAP_BND (setting it to 

eps for all periods); 

http://www.iea-etsap.org/web/Documentation.asp
http://www.iea-etsap.org/web/Documentation.asp
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¶ Keeping shares in place over the modeling horizon with i/e=5 for FLO_SHARE/MARK (interpolate 

and extend constant), and 

¶ Extending the RHS=0 for UCs via i/e=5 (interpolate and extend constant). 

There may of course be other instances where the I/E default is overridden, but these are used the most 

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. 

 

5.1 Energy Balance 

The process of depicting the energy system for a TIMES model starts from the complete first year energy 

balance. For the TIMES-Starter a typical energy balance for 2013 is used. Thus the first step in adapting 

the TIMES-Starter for another energy system is to properly enter the associated energy balance. The 

layout of the TIMES-Starter Energy Balance worksheet corresponds to that published by the IEA. 

Because many of the other templates are driven by the Energy Balance, its layout, as seen in Figure 7, 

should be considered rigid and should not be changed. [If a fuel is missing for your energy system you 

can (carefully) ǘŀƪŜ ƻǾŜǊ ƻƴŜ ƻŦ ǘƘŜ ƻǘƘŜǊ ŦǳŜƭǎ όŎƻƭǳƳƴǎύ ǘƘŀǘ ȅƻǳ ŘƻƴΩǘ ƴŜŜŘ, as long as you follow the 

naming conventions discussed earlier.] 
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Figure 7: Energy Balance Sheet 

 

As indicated in Figure 1, virtually all the AT* templates rely on the information in the EB_<region>(year) 

(in this case EB_Starter(2013)) workbook including the  

¶ country or region name; 

¶ fuel names and descriptions; 

¶ emissions names, descriptions and rates; 

¶ years the model is to be setup for (noting that TIMES supports model year and data year 

independence, so the model can be run for other years than those for which data is provided), 

and  

¶ timeslice definitions and fractions apportioning the year into 4-seasons and 3-day slices (for a 

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

demands.  

Note that the milestone years and timeslice values in the TimePeriods&FRs sheet come from the 

LoadCalibration workbook.  Both the SUP and the BY sector templates link to this sheet to get the 

year and timeslice information.  Also, if the LoadCalibration workbook is updated, the years and 

timeslice information MUST be manually changed and the TimePeriods&FRs sheet is structured to 

allow the updated values to be copied and pasted into the BASE scenario of ANSWER, as shown in 

Figure 8. 
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Figure 8: Years and Time Slice Data from the EB_Starter Workbook and in ANSWER 

 

 

 

The information from the Energy Balance is collected on the EB sheet in the SUP and BY sector 

templates, which in turn controls the default commodities on the SETUP sheet according to what is 

currently used in the region to avoid loading those commodities not needed in the energy system. 

 

 

 

Note that when a commodity not in the initial year energy balance is needed in the 

future, simply BLANK OUT (not deleted/erased) the 0 found in sector EB sheet, as 

shown in Figure 8 for COM (D5)  --- this then activates said commodity on the 

SETUP sheet and creates the associated X<sect><fuel> sector delivery processes. 

For SUP both the source (import/export/domestic) and the total need to be 

blanked out. 

 

Down the road 

¶ conditional testing into the Energy Balance for the Supply options & sector 

fuels 

¶ put an explicit 0 in the EB when a fuel is need for a NT 
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Figure 9: Sector EB and Commodity Control Sheet 

 

5.2 Supply 

The Supply (SUP) sector of the TIMES-Starter has been setup with the basic imports, exports and 

domestic production for those energy carriers needed to supply the fuels currently consumed by the 

TIMES-Starter technologies in the database and in accordance with the first year Energy Balance. As 

mentioned in Section 5.1, the EB sheet in the SUP workbook connects to the EB workbook and is 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 rows 5 and 6-8 (as appropriate for domestic/imports/exports) of the 

SUP EB sheet should simply be deleted to activate said fuel for future use. The list of current energy 

carriers is shown in Figure 10.  

Figure 10: Current Supply Energy Carriers9 

  
                                                           
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 there needs to be a corresponding IMP-EXP/MIN<energy carrier> 

process that either takes imports from or sends exports to the IMPEXP region, or produces domestic 

resources from the MINRNW region respectively, with the current list of resource supply options listed 

in Figure 11.  

Figure 11: Imports & Domestic Resources Supply Options 

   

The Supply template uses the earlier v1 of the ANSWER-TIMES templates, as the IRE parameters are not 

(yet) available in the newer v2, employed for most of the other templates, so it has a slightly different 

layout. The most important differences are: 

¶ there is a single ITEMS sheet for commodities, processes, and user constraint declaration; 

¶ there are different data load sheets depending upon the nature of the information to be 

handled; 

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

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

handled in ANSWER *** Regardless of the header on Row-7 ***.  

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

wrinkle. As shown in Figure 12 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 ς linearly interpolated. 
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Figure 12: Supply Template SETUP Sheet Price/Bound Factors 

 

The commodity and process names, descriptions, units, and set memberships are entered on the ITEMS 

sheet, as in Figure 13. Note that the regions in Col-A need to align according to the nature of the 

possible supply sources.  

Figure 13: Supply Items Declaration Sheet, and Set Membership Specification Form 

 

After the commodities (energy carriers and emissions) are declared (on the ITEMS sheet according to 

SETUP), the topology information needs to be provided on the TOP-TIDData sheet (via TOP_IRE 

indicators), and the main commodity delivered identified on the CommSup-TID_Data sheet (via 

PRC_ACTUNT), as shown in Figure 14.  
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Figure 14: Supply Options Topology and Product 

  

Data to be associated with the supply options is provided on Supply-TSData and Grid&Pipeline+BNDS 

sheet, most notably the resource supply costs and any limits (via IRE_PRICE/ACT_BND) for each supply 

step curve for each commodity, as appropriate. Figure 15 shows some sample prices. The prices are 

taken from the US-DOE EIA Annual Energy Outlook (AEO), with the user price factor from SETUP applied. 

Where the AEO does not provide data for a particular fuel, either adjustment factors from SETUP are 

applied to the price of a similar commodity or just placeholders provided where cells are colored 

according to: 

¶ EPA = white or green, where green denotes the same EIA data used for >1 commodity; 

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

¶ Other = yellow when pull from other sources, or 

¶ Non-specified = red text, not yet setup - user to provide. 

These prices are provided merely as a starting point to get the model running and behaving reasonably. 

The user needs to adjust the price information and update the potential limits over time for their 

situation. Furthermore, it 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). If 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 incremented (see rows 81-83 of the SETUP sheet). 

Note that with respect to both the price and bounds the user is free to drop the EIA-tied formulas and 

enter their data over the time horizon. 
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Figure 15: Supply Options Prices 

 

It is expected that all fuels can be found in the IEA energy balance needed for a country. However, if you 

Řƻ ƴŜŜŘ ǘƻ ŀŘŘ ŀ ŦǳŜƭΣ ǳǎŜ ŀ ŎƻƭǳƳƴ ǘƘŀǘΩǎ ƴƻǘ ƴŜŜŘŜŘ ƻƴ ǘƘŜ 9ƴŜǊƎȅ .ŀƭŀƴŎŜ ǎƘŜŜǘ ƻŦ ǘƘŜ 9. ǿƻǊƪōƻƻƪΣ 

which should then cascade into the Supply (and the BY workbooks --- REMEMBER to open/save all said 

EB dependent workbooks when making changes to the energy balance specfication.)  

Note that any emissions that are to be associated with the energy carriers also need to be provided and 

their emission rate specified on a CommData sheet drawn from the EB workbook. The current template 

contains sector wide emissions accounting for fuel-based CO2, CH4, and N2O. Provision for handling 

SO2and NOx for other sectors and PM10 for the electric sector emissions could also be extracted from 

the US9r database, though is beyond the scope of the Starter model (currently).   

Also, note that since the TIMES-Starter is (currently) a single region model there is no internal bi-lateral 

trade depicted.  

5.3 Power Sector 

5.3.1 Organization of the Power Secto r Workbooks  

This portion of the database resides in the BY/NT-PP workbooks, which contain several power plant 

process data sheets, as summarized in Table 4, along with their corresponding EPA-US9r and DEA data 

sheets.  In addition, though not listed, as discussed in the introduction to this Section, the BY template 

includes an EB sheet tied to the EB workbook, both have a SETUP and Commodity/Process declaration 

sheets. The SETUP tab in the NT template is linked directly to the corresponding BY sheet for the 

commodity and plant type names to help ensure consistency. The final sheet (ProcData_XPRCs ) defines 
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the sector fuel and emissions tracking processes (XPWR<fuel>) that link the supply commodities to the 

electric power sector, and is only found in the BY sheet. [If another new transmission line is needed it 

should be added to the SUP template with the appropriate start year (NCAP_START) and cost 

(NCAP_COST)].  

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

included in your TIMES model is fully controlled by the SETUP sheet for all the EPA/other plants from 

which data is taken. If you want to add additional plants, it is recommended that their names be built by 

copying/pasting a similar plant 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 the Non-EPA-PP (or other) ProcData 

loadsheets, either with data entered directly or by linking to a source data sheet (see the DEA 

plants/sheets for examples).  

Table 4: Data Sheets in Electricity Generation Technologies Workbook 

Spreadsheet Name Description 

ProcData_NewPP 
New power plant technologies using coal, gas, nuclear, biomass and 
geothermal. 

ProcData_LFG&MSW New power plant that use landfill gas or municipal solid waste. 

ProcData_CHP New combined heat & power plants. 

ProcData_CCS 
New coal & gas power plants with carbon sequestration, as well as 
existing plant retrofit options, and a "sink" to receive the 
sequestered CO2. 

ProcData_Solar&Wind New solar & wind power plants. 

ProcData_XPRCs 
Sector fuel processes to move energy carriers from SUPply to PoWeR 
sector. [BY only] 

5.3.2 Electric Sector Naming Convention s and Units  

In TIMES, electric generation technologies take in one or more fuels (energy carriers) and convert them 

to electricity for use by other processes and demand devices. Power plant capacity units are gigawatts 

(GW), and power plant investment and fixed operating and maintenance (O&M) costs are given in terms 

of monetary units per GW.  Like all other energy carriers, the electricity produced is denominated in 

units of petajoules (PJ), and is related to the plant capacity through a conversion factor of 31.536 

PJ/GW-yr.  Variable O&M costs are thus expressed in monetary units per PJ. 

The technologies represented in the power plant database range from fossil fuel conversion 

technologies to nuclear and renewable technologies, including combined heat and power plants, with 

options for (new) CO2 capture and sequestration.  The naming convention for electric generating 

ǘŜŎƘƴƻƭƻƎƛŜǎ ǎǘŀǊǘǎ ǿƛǘƘ Ψ9ȄΩ ǿƘŜǊŜ ȄҐ9 ŦƻǊ Ŝlectricity and H for CHP or HP for heat-only plants, followed 

by a six-character identifier representing the fuel (energy carrier) type, and a two-character identifier 

representing the plant technology type as illustrated in Table 5Σ ǿƘŜǊŜ ά·лέ ŦƻǊ existing or άȄȄέ ŦƻǊ 

advanced and additional qualifiers where needed may be appended.   
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Table 5: Electricity Generating Plant Type and Qualifiers 

 

 

 

 

5.3.3 Power Plant Technology Names and Descriptions  

The EPA-US9r database is the primary source of data for the new electricity generation technologies, 

supplemented by the DEA CHP and HPL plants and low-temperature heat devices. This data will be 

augmented with data from other public sources over time, including but not limited to US DOE, IEA-

ETSAP eTech-DS, IEA, and needed. 

Table 6 lists the new electricity power plant options found in the database currently.  Note that in the 

case of new hydroelectric plants they need to be characterized based upon local conditions, and 

therefore those in the NT template serve mainly as examples awaiting user input. Also, in US9r there are 

numerous instances of biomass, solar and wind, where data from a single region is used and only one 

wind class just now from the 1st instance encountered by the VLOOKUP --- but grabbing data from a US 

region more aligned with the country of study and/or adding additional wind classes can readily be done 

as desired. In general, the user needs to factor in local circumstance (e.g., land and labor costs) for all 

the power plant data provided.  

Note that in terms of emission control no scrubber retrofits and only new CO2 sequestration 

are implemented at this time. 
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Table 6: New Power Plant Technologies 

 

Also shown in Table 6 is the EPA technology name that is used 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.  

 

By default power plants are included if the commodity is part of the energy balance for the sector 

(including the removal of the base year 0 in the BY-PP EB sheet and needed in a later year, as discussed 

earlier) and the technology type is active (that is noǘ άϝέ ƻǳǘ ŜȄǇƭƛŎƛǘƭȅ ōȅ ǘƘŜ ǳǎŜǊ). Note that the plant 

and technology type in the BY template become the default in Col-A for inclusion/exclusion in the NT. 

Any power plant may be eliminated by ŜƴǘŜǊƛƴƎ άϝέƛƴ /ƻƭ-A on the SETUP sheet in either workbook. If 

there is a need to added a new power plant, do so by copying a similar type of plantΩs name on the 

SETUP and Process declaration sheets, and then the data blocks on the appropriate ProcData_* sheet. 

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

Warning: be sure to adhere to the basic naming convention of the components 

(that is use the same approach and number of characters as for some other entry) 

or the ANSWER named TechFilters and VBE Sets may no longer operate properly! 
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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 need to be provided, or linked if you have your own source data sheet that is included in the 

workbook. Also, be sure when adding an existing plant not yet in the database that the plant also gets 

added to the Calibration sheet appropriately (by copy/inserting a 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 ProcData_ sheets, where 

the latter links to the former for the actual data by means of VLOOKUPs. The original EPA plant name is 

replicated (from the SETUP sheet) for use in the VLOOKUP. For 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 of the proper column index to use in the VLOOKUP expression.   In addition, the cost 

parameters are converted to the local currency based upon the factor entered on the SETUP sheet, and 

the input oriented MARKAL efficiency inverted for the TIMES default output normalized equivalent.  

A snapshot of a power sector ProcData loadsheet is shown in Figure 16. In the case of the DEA sheet 

(below) note that there is no TechLookUp column, reinforcing the fact that a non-EPA source data sheet 

is referenced by means of direct links to the source data sheet, as opposed to employing VLOOKUP. 
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Figure 16: Power Sector New Plants Loadsheet 

 

 

Note that the vintage flag is set automatically if more than 1 efficiency is provided for a plant, that is if 

its performance is expected 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 for each plant type. To do this the EB energy balance sheet is 

automatically filled from the EB workbook, with the Calibration sheet, Figure 17, completed by providing 

relevant information for the yellow shaded cells related to retirement year, existing capacity, fuel 

consumed, electricity generated, with the maximum availability and general overal efficiency derived 

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






























































































































