TIMES-VEDA Casebook 03 metsap

Energy Technology Systems Analysis Programme.

This casebook is designed as supplementary material for participants to test their understanding
of the concepts covered in Day 3 of the in-person/live online training program, or Module 3 of
the self-paced video training program. The answers to questions in these exercises are provided
at the end of the casebook. The participants are also encouraged to assess the system-wide effects
of the different model cases run in the exercises provided in this casebook, using the dashboards
provided, along similar lines as in the conceptual training and videos.

1. Add a constraint on production of commodities

Model name: ETSAP_casebook 03

In this exercise, consider a cap on the sum of the electricity sector emissions (ELCCOZ2), and
transport sector emissions (TRACO2), through the Scen_UC_Cap_ELCCO2_TRACO?2 scenario file,
using a user constraint on the emissions commodity production. This example was presented in
Module 3, to introduce why user constraints are a helpful tool in TIMES modelling. The goal of
this exercise is to understand how this user constraint is applied, and how it affects the production,
and consumption of different energy forms in the system, as well as the fuel switches and
technology switches that occur due to the cap on ELCCO2 and TRACO?2.

Step 01 : Open the model in VEDA
Step 02: Synchronize the model in the Navigator window

Step 03 : Explore the Scen_UC_Cap_ELCCO2_TRACO2 file from the Navigator tab

UC - Each Region/Period
~UC_Sets: R_E: AllRegions

~UC_Sets: T_E:
~UC_T:UC_RHSRT
UC_N Pset_Se Pset PN Pset_Cl Pset_COCset CN Attribute Year _LimType IC_COMNET REG1 REGZ UC_RHSRT~0. UC_Desc Reduction Coeff
AU_ELC_TRA_CO2_UP ELCCO2,TRACO2 2035 UP 1.00 923,293 469,625 5 Max CO2 emissions from ELC and TRA sectors
ELCCOZ,TRACOZ 2050 UP 100 610,285 513,521 45%
—
Table Name: Emissions
Active Unit Kt
Scenario Region  CommodityDesciPeriod 2024 2028 2027 2030 2032 2035 2040 2045 2050
Casebookd_Demo REG1  Agriculture Carbon dioxide 46600 483663 51449.06 560899 59414 6477245 7479799 B84277.53 86088.13
Casebook03_Demo REG!  Commercial Carbon dioxide 96250 62495.1 66226.41 773845 1E+05 135577.9 15454429 172158.18 14444297
Casebook03_Demo REG!  Electriciy Plants Carbon dioxide 367841 693088 540907.89 £10210 8E+0S 42290835 3241257 22534505 1265644
Casebookd3_Demo REG1  Industry Carbon dioxide 299335 332733 337800.47 345420 4E+05 35516822 370978.32 383850.42 39678476
Casebook03_Demo REG!  Residential Carbon dioxide 284922 271925 284360.73 303184 3E+05 34642876  371694.52 35272286 2687192
Casebook03_Demo REG!  Transport Carbon dioxide 582375 592935 63145263 837192 7E+0S 73121013 84767295 95883368 983045.44
Casebook03_Demo REGZ  Agriculture Carbon dioxide 25797 309268 35280.54 409131 45030 51995.07  66077.53 B80373.76  82049.1
Casebook03_Demo REGZ  Commercial Carbon dioxide 96178 555827 4764229 357317 27791 15880.76
Casebook03_Demo REGZ  Electricity Plants Carbon dioxide 388931 114252 155718.81 390827 BE+0S 24357.24
Casebook03_Demo REGZ  Industry Carbon dioxide 272787 302614 30740157 314618 3E+05 32673523 33896671 3513132 36377555
Casebook03_Demo REGZ  Residential Carbon dioxide 277536 203516 17444249 130832 72765 581475
Casebook03_Demo REGZ  Transport Carbon dioxide 368339 575679 42420924 465335 SE+05 58703173  747062.15 910870.15 §33673.75

This file contains a user constraint, that limits the sum of ELCCO2 and TRACO2 emissions. (For a
recap on how to define a user constraint, refer to the Module/Day 3 videos/slides).
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Step 04: Run the following model case from the Run Manager,
e Casebook03 Demo

Step 05: Open the Results window, globally filter (Ctrl + checkbox) on the Casebook03_Demo
in the scenario category, and open Emissions by Sector table from the Open Views List
function

Step 06: Copy the entire table of emissions values into the placeholder table in the regular
scenario file Scen_UC_Cap_ELCCO2_TRACO2 (the values are already pre-loaded in the model,
but perform this copy-paste to simulate the modelling exercise from scratch)

Step 07: Run the following model case from the Run Manager,
Casebook03_CO2cap_UC

Step 07: Use the Results window to analyze the solutions for Casebook03_Demo and
Casebook03_CO2cap_UC; also use the Casebook_03 dashboard to analyze results

Question 1.1: Which of the following statements is true? Select all that apply.
a) Electricity sector decarbonization is driven by investments in wind in REG2
b) Emissions cap on electricity and transport sectors does not affect emissions trajectories
in other sectors in both regions
c) Electricity production from gas plants remains unchanged in REG1 under the emissions
cap
d) Under the emissions cap, REG1 becomes a net importer of electricity

Question 1.2: What technology switches occur in the model in REG1, under the emissions cap?
Compare the cases Casebook03_Demo and Casebook03_CO2cap_UC. Select all that apply.

a) COM appliances: Electricity > Hydrogen

b) TRA cars: Diesel » Biofuels

c¢) RSD other demand: Coal » Gas

d) TRA cars: Diesel > Electricity

(next section)
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2. Add a constraint for minimum technology penetration

Model name: ETSAP_casebook 02

In this exercise, consider a minimum technology penetration of wind-based electricity generators,
through the Scen_UC_MarkSha_WIN_ELC scenario file, using a user constraint on the share of
wind energy of the total electricity production mix. The goal of this exercise is to understand how
applying this minimum share affects the production of electricity, and consumption of different
energy forms in the system, as well as the fuel switches and technology switches that occur due

to the share constraint.
Step 01 : Open the model in VEDA
Step 02: Synchronize the model in the Navigator window

Step 03 : Explore the Scen_UC_MarkSha_WIN_ELC file from the Navigator tab

@ Autosave (@ orf) )~ S Scen UC MarkSha WIN_ELC - Saved to this PC P Search

File Home Insert Page Layout Formulas Data Review View  Automate  Dewveloper Help

& Cut S = =D e ab, ﬁ B;F‘
an o |ariat '”w “ Ax == o Wrap Texdt |General M| ﬂ Normal 10 Normale_Sc...  Normale_S«
B Copy  ~ R T T [y — i
B 1 U~ D G-A- S == =T Hweacow - §o 0% 9@ f S fomes e oot
~  <¥ Format Painter Formatting ~  Table »
Clipboard 5 Font 5] Alignment 5] Number & Styles
L7 v i fr
A B c D E F G H 1 K L M N 0 P
1 |UC - Each Region/Period
2 ~UC_Sets: R_E: AllRegions
3 ~UC_Sets: T_E:
4 ~UC_T:UC_COMPRD
5 UCN Pset_Set Pset PN Pset Cl Pset_CO Cset_CNAttribute Year _LimType UC_FLO _ REG1 _ REG2 UC_RHSRT UC_RHSRT~0 UC_Desc
5 AU_WIN_ELC_LO EWIN® ELC  ELC 2035 LD 100 0%  20% 0 S Win share of wind-based electricity production
7 EWIN® ELC  ELC 2050 LO 100 20%  -30% 0

]

9

ii Set minimum share of wind-based povier generation in specified year(s).
12

This file contains a user constraint, that sets a minimum penetration share of wind-based electricity
generation of the total production mix. (For a recap on how to define a user constraint, refer to
the Module/Day 3 videos/slides).

Step 04: Run the following model cases from the Run Manager,

e Casebook03 Demo
e Casebook03_ WIN UC

Step 05: Open the Results window, globally filter (Ctrl + checkbox) on the Casebook03_Demo
in the scenario category, and open the Electricity Production by Fuel Group table from the

Open Views List function
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Y ETSAP_casebook_03 - Veda?2 - Installer

‘ Model  Modules  Information  Tools  Reporis Help  ADVANCED License | Full Maintenance valid till 25 May 2027

StartPage Mavigator » Run Manager X m

‘ Delete Scenaric Refresh Data  Update Excel  Layout

‘ Refresh All - Close All - Batch Export

ELC Production by Fuel Group ELC Plants Capacity ®  Process_Trade % Total CO2 Emissions ¥ Consumption by Sectorand fuel  ® Emis

0o 0=
IUQ—' oo

Attribute W | | Commedity ¥ | | Commedityset

Sum of Pv
Regi « %
~ REG1

~ REG2

I~ ME Bl Total Count: 662

Processs a 57

~ PP_FOSSIL

~ PP_NUCLEAR

~ PP_RENEW

~ PP_FOSSIL

~ PP NLICI FAR

Done WAR_FOut / ELC f NRG / pilot_runs

Studyname % | | Timeslice WV | | Vintage % | UserName W MeodelName W
Period &
Process « Scenario <% || 2024 2025 2027 2030 2032 2035 2040 2045 2050
4 ELCTECOADD casebook3_demo 1486.85 2315.83 215612 191655 1756.84 151727 111798 71871 31943
casebook(3d_demo_win | 1486.85 231583 2156.12 191655 175684 77642
~ ELCTEGASDD  casebook3_demo 105555 94444 T77T7  BEEEE
casebook(3_demo_win 1055.55 94444 77777 EEEEE
4 ELCTNCOADT  casebook3_demo 21018 21018 21018 21018 21018 21018
~ ELCNENUCOD = casebook03_demo 147015 147015 147075 147015 147015
casebook(3_demo_win | 147015 147015 1470.15 147015 1470.15
~ ELCNNNUCO1  casebook03_demo 1551.83 1551.83 1551.83 1551.83
casebook(3_demo_win 1551.83 1551.83 1551.83 1551.83
~ ELCREBIOD0  casebook3_demo 14173 12992 11220 10039 5315 2362
casebook(3_demo_win 14173 12952 11220 1003%
» ELCREHYDOD casebook3_demo 488,81 48381 48881 28229 2822% 28232% 28229 2822%  BBED
casebook(d_demo_win | 48881 48881 48881 25229 25229 25279 25229 25229 5550
~ ELCRESOLOD  casebook03_demo 339 72 2% 2039 1586 9.06
casebookD3_demo_win 3358 N7z A% 203% 1586 9.08
» ELCREWINDD  casebook3_demo 26163 248585 22238 18314 186588 1773 5233
casebook(d_demo_win | 26163 24855 27238 18314 15698 11773 5233
» ELCRNSOLO1  casebook03_demo 129.61 42781 83296
4 ELCRNWINDT  casebook3_demo_win | 31881 54335 BEVA4R 127415 I
~ ELCTECOADD  casebook(3_demo | 72450 35455 34924 £3755 34593 9845
casebook03_demo_win | 72450 35455 34924 103199 94599
~ ELCTEGASOD  casebook3_demo 1666.66 41568 116666 99999
casebook03_demo_win | 1666.66 41568 116666 599999
~ELCTEQILOD  casebook03_demo 14.82
casebook03_demo_win 14.82 99.05
~ELCTNOILO1T  casebook3_demo 8642 B6.42 39351 120692
casebook03_demo_win 8642 B642  BE42  BB4Z
A FLCNENLICDD | casebookld demn 179F AR 17GF AR 174R AR 174R AR 179F AR
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TI’ ETSAP_casebook_03 - Veda? - Installer

‘ Model  Modules  Information  Tools  Reperts Help  ADVANCED License | Full Maintenance valid till 25 May 2027

StartPage Mavigator > Run Manager x m

‘ Delete Scenaric Refresh Data  Update Excel  Layout

‘ Refresh All - Close All Batch Expert

ELC Plants Capacity »  Process Trade x  Total CO2 Emissions % Consumption by Sectorand fuel  x Emis
E I ,'JD‘E'.' DD?D' [+ M‘ B @ @ Total Count: 662 Done VAR_FOut / ELC / NRG / pilot_runs
£
g Attribute % | | Commedity '’ | | Commodityset W | | Studyname W | | Timeslice ' | | Vintage v | | UserName W | | ModelName
Sum of Pv Period « W
Regi « %7 | Processs « W || Process « Scenario < % || 2024 2025 2027 2030 2032 2035 2040 2045 2050
A CLLNESULUY  CoseDUoRII_UeITi SR Y IV AR O = AR T R ¥ -1 GRS
casebook(3_demo_win 3358 372 2713 2033 1586 9.06
~ ELCREWINOD  casebook(3_demo 26163 24855 22238 183714 15698 11773 5233
casebook03_demo_win | 26163 24855 22238 18314 15698 11773 5233
~ELCRANSOL0T  casebook(3_demo 12961 42791 B3296
~ ELCRNWINDT  casebook(3_demo_win 31881 54335 B67 4B 127415
~ REG2 » PP_FOSSIL ~ELCTECOADD  casebook(3_demo 72450 35455 34924 B3755 94599 58.45
casebook03_demo_win | 72450 35455 34924 103159 54599
~ELCTEGASDD  casebook(3_demo 1666.66 41568 116666 999.99
casebook(3_demo_win | 166666 41568 116666 999.99
AELCTEDILO0  casebook(3_demo 14.82
casebook(03_demo_win 14.82 99.05
~ELCTNOILDT  casebook(3_demo 8642 D642 35391 80692
casebook(3_demo_win 2642 D642 BR42  Be42
~PP_NUCLEAR ~ ELCNENUCOD casebook03_demo 179685 1796.85 1796.85 179685 1796.85
casebook(3_demo_win | 1736.85 1796.85 1796.85 1796.85 1796.85
~ ELCNNNUCO1  casebook(3_demo 1920.38 2038.93 2370.84 261869
casebook(3_demo_win 1920.38 203893 2370.84 255442
~PP_RENEW  ~ELCREBIODD  casebook03_demo 4921 4724 4331 3740 3346 2756 1772 .57
casebook(3_demo_win 4521 4724 431 3740 3346 27B6 1772 7.87
~ELCREHYDOD  casebook(3_demo 48881 48881 48881 25229 25229 25279 25223 25279 BGED
casebook(3_demo_win | 483.81 488.81 48881 25229 25229 25229 25223 2522% 5550
~ELCRESOLOD  casebook(3_demo 7136 6661 5709 4282 3330 15.03
casebook(3_demo_win 7136 6661 5709 4282 3330 19.03
~ ELCREWINDD  casebook(3_demo 47097 44742 40033 32968 28258 21154 5419
casebook03_demo_win | 470.97 44742 40033 32968 28258 21184 3419
» ELCRNHYDO1  casebook(3_demo 503.42 1199.90 1358.23
Iﬁ ELCRNWINDT  casebook(3_demo_win 10221 31061 1455.07 2128.31 3064.02 360213 I

The minimum wind penetration share constraint prompts the investment in new wind capacity.

Step 07: Use the Results window to analyze the solutions for Casebook03_Demo and

Casebook03 WIN _UC

Question 2.1: What electricity generator investments dropped in REG2, as a result of the

minimum wind penetration share constraint? Compare the cases Casebook03_Demo and
Casebook03_WIN_UC. Select all that apply.
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Hint: Check the Electricity Capacity table.
a) Hydro power
b) Gas-fired power plants
c) Oil-fired generators
d) Solar power plants
e) Coal power plants

Question 2.2: Which of the following statements are true? Compare the cases
Casebook03_Demo and Casebook03_WIN_UC. Select all that apply.
a) Under the minimum wind share constraint, REG1 decreases electricity imports (2035 —
2050) compared to the reference case
b) Under the minimum wind share constraint, system-wide emissions decrease, compared
to the reference case
¢) Under the minimum wind share constraint, the industrial sector decarbonizes through
electricity significantly
d) Under the minimum wind share constraint, the transport sector decarbonizes through
electricity only

(next section)
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Answers

1. (Add a constraint on production of commaodities)
1.1 (c, d)
1.2 (b, d)
2. (Add a constraint for minimum technology penetration)
2.1 (a, 0
2.2 (a, b)



