Energy Technology Systems Analysis Programme I

TIMES training - Module 1

Technology Collaboration Programme
by lea



m Learning objectives for Module 1

= |dentify energy chains RES, modelling

= |dentify competition nodes RES, modelling

= Explore base year files VT files

= Explore service demands projection Demand files

= Explore new technology repositories SubRES files

= Run cases Run Manager, Solve
= Analyze results Results

Participants will be provided with an exercise guidebook (with results
dashboard) for additional practice exercises.



Energy Technology Systems Analysis Programme I

SECTION 1

Recap of key TIMES concepts




m History of the TIMES model

The Integrated MARKAL-EFOM System (TIMES) model

= Developed within the International Energy Agency (IEA)’s
Energy Technology Systems Analysis Programme -
(ETSAP) in 1978

= Rich history of applications in ~70 countries (>1000 scientific
publications)

- Been in use for 45+ years B cContracting parties

=  Whywas it developed? Model users
= Energy futures exploration after the first oil crisis

= To provide countries with a common platform to examine
technology innovations and policy priorities

= Highly relevant in current times for climate change
mitigation 4



m What is the TIMES model?

* Bottom-up model with a technology-rich basis

* Can be used for multi-sector, multi-regional, multi-period modeling
= Can be scaled up/down to focus on aggregated/detailed regions & sectors

* Key features of the TIMES model,

Technology-
rich basis

Detailed energy
sector representation

Complex
dynamics

Ability to capture costs,
capacities, reserves,

+

targets, caps, subsidies, ...

LP model (possible integer settings)

Partial Least-cost Long-term
equilibrium + optimization =) ene(gy
model framework dynamics for
different
Macroeconomic Seeks to find the scenarios
drivers captured best cost- ‘
exogenously optimal solution



m How does the TIMES model work?

Aim: To supply energy services
At minimum global cost = At minimum loss of total surplus

Driven by: Energy service demand

Decisions: Technology investment & operation; primary energy supply; energy trade

per region, per time-step




m TIMES is a partial equilibrium model

Aim: To supply energy services
At minimum global cost = At minimum loss of total surplus

\ )
1

“Least-cost” optimization

= TIMES is a partial equilibrium model
*  “partial” - energy market-focussed

= “Equilibrium” between supply and demand (producer and consumer)

Model simultaneously computes flows and prices of energy & material commodities
*  Produces exactly the amount that is consumed

= Relationship between total surplus & supply-demand equilibrium
Supply & demand curves to be investigated to understand this




m Total surplus maximized at equilibrium

Resource price

A

At equilibrium point E,
*  Consumers pay price pg to
consume exactly quantity q,

*  Producers sell at price pg to
produce exactly quantity q, Consumer _

A

Bl

Equilibrium Supply curve

ey . . surplus I—
Also, at equilibrium point E,
® Consu mer Su rplus iS maXimized Equ///br/um purchase price
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*  Producer surplus is maximized :
Producer |
surplus
Total surplus is maximized !
/I\ \l/ ' : Demand curve
- >
ane c c Equilibrium quantity produced
Supply-demand equilibrium is q;
reached

Resource quantity
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m TIMES is an optimization model

* Optimization : Mathematical formulation of decision-making problems

What are the best actions | can take to achieve a target for a given system?

What are the values of decision variables that maximize/minimize an objective function subject to constraints?

X f(x) g(x)

* Linear programming (LP)

* Subclass of optimization problems min c'x
* Both f(x) and g(x) are linear functions of x xEX
.« f(x)=cTx s.t. Ax=0>

e g(x):==Ax=0Db



m Components of the TIMES model

Decision variables (x)

New capacity investments
Total installed capacity
Annual process activity
Commodity flow in/out of
process

Commodity trade in/out of
regions (import/export)
End-use energy service
demand

Objective function (c! x)

Capital costs for process
investments/dismantling
Fixed and variable
operation and
maintenance costs
Import/export
costs/revenues
Commodity delivery costs
Taxes and subsidies
Salvage value

Constraints (Ax = b)

Capacity transfer

Activity definition
Capacity-activity relations
Commodity balance

Efficiency definitions
Flow shares

Peak demand satisfaction
User constraints (e.g.
policy-driven)
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TIMES captures complex dynamics augmented by a
technology-rich basis

0

Decisions: Technology investment & operation; primary energy supply; energy trade

per region, per time-step

= Technologies are explicitly characterized by various technoeconomic parameters
= Captures and integrates all technologies across the energy chain
= |ntegrates complex engineering dynamics to inform actionable decisions

PRODUCTION TRANSFORMATION TRANSMISSION DISTRIBUTION USAGE

N Gaz
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8] The TIMES model flow diagram

Database

Technical

Inputs, outputs
Availability factors
Efficiencies

Lifetime

Installed capacity
Emission coefficients

Economic

Investment costs

Fixed operation costs
Variable operation costs
Hurdle rates

Market shares

Energy-climate policies

e GHG limits
 Taxes, subsidies
e Sectors’ measures

The TIMES model

A 4

Economic-energy inputs
End-use demand for energy
services

Demand price-elasticities
Import/export prices
Reserve supply curves
Discount rate

Equilibrium
Technology investments
and annual activities
Emission trajectories
Adjusted demands for
energy services
Marginal prices of
energy forms
Import/export of energy
and emission permits
Total discounted system
cost
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How to read an RES (2a)
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How to read an RES (2c¢)
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How to read an RES (2d)
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m Demo models used in this training

= 3 distinct demo models to be explored,

*  Day1
« Day2
* Day3

= All models are multi-regional, multi-fuel

= Model complexity ® from Day 1 to Day 3 models
* Model scope and resolution (e.g., number of focussed sectors)

 Scenarios modelling (e.g., emissions caps and taxes)
* Constraints (e.g., technology penetration)

21



Energy Technology Systems Analysis Programme I

SECTION 2

Context of Day 1 demo model




Day 1 demo model description

=  Multi-sector,
2 supply sectors (electricity, primary energy)
* 1 focussed demand sector (residential)

=  Multi-fuel, %]
* Fossilfuels (coal, natural gas, diesel oil, ¥ i Z]
kerosene, etc.) 55
* Renewables (biomass, hydro, wind, etc.) N A

* Electricity wre
* Nuclearenergy
e Heat

23



m Demand sector description — Residential

= Various fuels are consumed by the
residential sector to meet service demands
* Space heating

* Appliances
Other

= Fach service demand can typically be met
through many technology options

* Using natural gas (furnaces), using solid fuels
(stoves), using solar energy (rooftop panels), ... for
space heating

* Using electricity for appliances



https://unsplash.com/@yasirbugra?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/aerial-photo-of-a-city-residential-block-JlE8xJsNhs8?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText

Day 1 modelling exercise goals

= How does the residential sector energy consumption
evolve over time?

Driven by demand for energy services (space heating, appliances,
other) over time

= Affected by,

1. Availability of new technologies

New solar panels,

« More efficient heat pumps, ...
2. Depletingresources

« Lesser availability of solid fuels like coal
3. Emissions reduction measures

- Subsidies on lower- (or) zero-emission techs such as solar
panels

- Carbon (emissions) cap
- Taxes on emissions

4. .. How to start?

25




Energy Technology Systems Analysis Programme I

SECTION 3

Setting up the energy balance




m Energy balance — starting point to build a TIMES model

= Think of it as the “state of the system”

= Closelytied to scope of the modelling

*  What are the boundaries of the system, i.e., what sectors are considered?
o Electricity, other primary energy (supply)
o Residential sector (demand)
*  Whatfuels (energy commodities) are considered?
o E.g., Natural gas, coal, biomass, ...
*  Whatis the evolution of each energy commodity from supply @ conversion > demand?
o How much gas is produced (vs) how much is imported/exported?
o How much gas is consumed in power plants?
o How much gas is consumed by the residential sector?

27



Understanding the fuel supply-demand chain

= 3160 PJ of gas production; 5317 PJ of gas imports; 1007 PJ of gas exports in
REG1 =7470 PJ of total gas supply in REG1

= 2254 PJ of gas used to produce electricity
* Assume do not consider energy sector consumption and heat plants in this model

= 2064 PJ of gas consumed by the residential sector to satisfy service demand

Fuel code COA GAS olL D5L KER LPG G5L NAP HFO oOPP NUC BIO HYD WIN S0L SLU HET ELC TOT
. Other - . .
Region Sector code Sector description Solid Natural “rude Ol Diesel oil Kerosene LPG M::-t.c-.r Naphtha Hea\r.y Petroleu Nuclear Biomass Hydro Wind Solar Industrial Derived Electricity Total
Fuels Gas L] spirit Fuel il m Energy power energy energy  Wastes Heat

E REG1 MIN Damestic Supply 5264 3160 3452 0 0 0 0 0 0 0 4455 2262 302 264 75 0 0 0 19274
g REG1 IMP Imparts 420 537 17872 2866 786 424 726 751 1188 657 0 i) 0 ] 0 0 ] 457 35439
= REG1 EXP Exparts -T48 -1007 -2143 -2188 -354 -283 -1651 -441 -1363 -4538 0 -54 0 0 0 0 0 451 -11178
o REG1 TPS Total Primary Supply 8719 7470 19321 678 402 171 -925 310 -176 158 4455 2292 302 264 75 0 0 16 43535
g REGA1 ESC Erergy Sectar Consumption =37 =317 0 -21 0 587 =181 -1 =225 0 0 -3 0 0 0 -1 0 0 -1476
=3 REGA1 ELC Electricity Plants -6239 -2254 0 -39 0 -3 0 0 577 37 -4455 =527 =302 -264 -41 -21 556 4532 9199
E REG1 HPL Heat Plants -105 =121 0 =10 0 0 0 0 -17 -2 0 =105 0 0 0 -1 382 0 2
E REG1 REF Petroleum Fefineries 0 0 -20629 7412 1260 1412 3600 1067 2514 1430 0 0 0 0 0 0 0 0 -1843
o Total Conversion -h381 -2692 -20629 7341 1260 694 3509 1067 1693 1391 -4455 -636 -302 -264 -41 -23 1318 4632 -12516
REG1 RSD Residential 232 2064 0 1121 95 247 3 0 17 1 0 895 0 0 30 0 476 1149 GJIII'
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m Energy breakout

= Typical energy balance contains@ggregate

demand flows
E.g., residential sector consumption

= What are the actual consumption needs in residential

sector?
= Service demands in residential sector

consumption

*  Supplementary data
. Market research

. Other literature

Space heating

Appliances

Other

upply and

Fuel code COA GAS
Natural
Region Sector code Sector description Solid Fuels Gas Cru
z REGH1 MIN Domestic Supply 5264 3160
<I REGH1 IMP Imports 4201 5317
= REGH EXP Exports -T46 -1007
== EG1 TPS Total Primary Supply 8719 7470
Z R ESC Energy Sector Consumption 37 317
E REG1 ELC Electricity Plants 6239 -2254
W REG1 Heat Plants 1058 121
% REG1 RE Petroleum Refineries 0 0
=] onversion -6381 -2692
REGH1 RSD Residential 232 2064
-
=
=
o
Break-out by end-use COA GAS
2 Sector code Sector description Solid Fuels Natural Gas
\ 4
Space Heating 75%
REG1 RSD Appliances
REG1 RSD Other 100% 25%
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Energy Technology Systems Analysis Programme I

SECTION 4

Overview of modelling pipeline




m Exploring VEDA

= VEDA s a software tool for model input, model solving & results management
*  GAMS s the software platform that performs optimization model runs using solvers

= VEDA s a powerful data handing system for TIMES modelling

Step 1 Step 2 Step 3 Step 4

Results

Model preparation Model input Model solving management

e Data work e VEDA processing * Model file preparation e VEDA processing
* Model preparation * Inputview * Initiate GAMS run e Results view
In a format Flexible view of Set up and run Flexible view of
readable by model different cases results
VEDA definition

When you have your own model 4



m VEDA principles and modules

= VEDA s built as a modular platform
*  Separation of functionalities
= Built to handle massive amounts of data

* Modelinput processing from Excel format to TIMES code format
« Easytoview modelinputin a tabular (and) RES format

= Enables easy activation/deactivation of model components
 Easyto launch model runs with custom configuration

= Built-in results view
 Adaptable results view and creation of tables

32



J VEDA - Start Page

Y EU_TIMES Veds2 ledz2 - 192.168.0.70

m S h 0O rt C Ut t o) Ot h er V E D A [ Model Modues Information Teols Reparts  KANORS License | Full Maintenance vaid tl 25 Dec 2021

Novigeor % -
mod u leS ELLTIMES Veda? 0

‘ Navigator ‘ Browse ‘ ‘ Items List ‘ ‘ Items Detail ‘ ‘ Run Manager ‘ ‘ Results
= View of Recent and New — ‘ : :
rom the developers
m 0 d e '.S _I_:{ecent & @2 GB‘ New R

UiNewVEDA\Testing_Models v Ui\NewVEDA\Testing_Models 23 Jul_\_-' 2021
ScottishTIMES_v2 28-05 * 55 D:ANewVEDAWeda_models

™ t M t l ~ TTDANewVEDAWeda madels EU_TIMES-BP
S e O I I I I p O r a I I l O e EU_TIMES_Veda2.0 8-2100:21 EU_TIMES-E4SMA
EU_TIMES-E4SMA 11 EU_TIMES_ V. . . .
- - - introduced in version 236.

. 6
IMRT 08 8 IMRT . . . i

I I I t O V E D A « If you are using version 250 or higher, you can use “Backup
EU_TIMES-BP 02 21 5 ScottishTIMES v2

o State” under Model menu. “Restore State”™ under higher will

Version 237 has been released.

« This version resolves the batch sync bug that was

* EEDANewVEDAWeda_models\Demo_models ~ T DAMewVEDA\Veda_models\Demo_models Refs_vnchronize all models and import all VD files that were a
DemoS_012 21-01-21 2 ~ T DAVEDAWEDA_Models par‘t of the old version.
DemoS_001 3
* SSDAVEDAWEDA_Models Version History
TIAM-BP
Aus-TIMES Note
etsap_tiam2
FACETS2019 Migrating models to Vedaz.0 requires familiarity

with the model database and Veda_FE/BE. Users are
requested to NOT delegate this task to new members

etsap_tiam_tra_by
TIAM-BP_global
atsap_tiam of the team.
IEMM_V58_10-1_3
AEMO2021

EPAUSOrT_v18.1.5

(Live demo upcoming)

uktm_model_v1.2.3_

©2021, KanORS-EMER. | Powered by Sp

< 4.1.1 & Alabaster 0.7.12 | Page source

Ready EU_TIMES Veda2.0 (D:\NewVEDA\Veda models\EU_TIMES Veda2.0) Version-1.
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VEDA - Navigator

VY DemoS_012 - Veda2 - Installer =

Model Modules Information

ols  Reports  Help ADVANCED License | Full Maintenance valid till 25 May 2026

= Schematic view of

Model Eé Add New || d Select || Start from scratch ‘

all model files read

by VEDA

SyuSettings @ s.uneﬁniﬁmm e how D g_éﬁzl
° ° Base Scenario [BS] Sub RES [SR] # | Demand Scenario [DS) »| gular Scenario [RS » g
Synchron!zatlon ﬁ - : o
step after import : : : . E
v 10 /10 Items v 3 /3 ltems v 2 /2 Items v 18 /18 ltems E
_ELC. W |New-CHP-DH _Trans file v | Dem_Alloc +Series + |BND_PPFOSSIL u.s
C O I'O r- C O d e d @:z:;:o_az %Iuew-mb _Trans file %IDEM_M gBOUNDS—UC_WSETS =
functionality for easy = - 2
version control e |:E‘::f:§:i"m
.. . « REG2_IND_V12 S -  IND_NewRES
Spl't IntO VaI’IOUS ¥ REGZ PRLVIZ e ' NUC_DSCINV
. /| REG2_RCA W12 « Peak RSV
SeCtlonS, | REG2_TRA_V12 = + Refinery
v 2 /2 ltems ' SOLAR_SUBSIDIES
. Base Scenario [BS] o T i 4 T84.c02 80080
v/ TRADE_PARAM + TRADSL TAX
and BY _Trans > ERREDE
+ UC_CO2BND
Sub RES[SR]and 2 S
SubRES_Trans Notpores | [ INTGREEAN] o | [ Tocrove F—
e De m a n d SC e n a ri O Ready DemoS_012 (C:\Veda\Veda_meodels\Demo_medels\DemoS_012) ‘ersion-4.0.1.0 sanjulakammammettu M |

. Trade Scenario
. Regular Scenario

(Live demo upcomin

34
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J VEDA - Browse

Useful to see
how VEDA
actually reads
the model
inputs and
identify syntax
errors

Consolidates
attributes
defined across
all model files
in one place

Y DemoS_012 - Veda2 - Installer

IModE\ Modules Information Tools Reports Help

ADVANCED License | Full Maintenance valid till 25 May 2026

StartPage Navigator x

T
=
<

o
=

-
k<1

2
-3

]

‘ Layout

Gdx Diff Model Diff

- £ - B - =3 o - :

All - All - All v

‘ Filter I® | Filter |® ‘ Filter |® | Filter |® ‘ Filter I® | Filter |®

0 /25 ltems = 0 /2 Items 0 /178 ltems - 0 /77 ltems = 0 /48 ltems - 0/7 ltems

UBASE uREGl UAOTFI'OT I |_|AGRB|O UACF_BND uAU_COZ_BND
BND_PPFOSSIL REG2 CAPEELC AGRCO2 ACT_COST AU_CO2BND_AllRegions
BOUNDS-UC_WSETS CAPNELC1 AGRCOA ACT_CUM AU_NUC_MaxCAP
CO2_TAX COTEBIO AGRELC ACT_EFF PPFossil_ACTBND
DEM_Ref COTECOA AGRGAS COM_AGG UC_DH_MinProd
DemProj_DTCAR COTEELC AGROIL COM_BNDNET UC_GrowthOfNewCars
ElasticDem I I COTEGAS I BIO I COM_ELAST I UC_RNW-PP_LOW
ELC_CO2_BOUND COTEOIL COA COM_FR
IND_NewRES COTNBIO1 COMBIO COM_IE
New-CHP-DH COTNCOA1 comMcoz2 COM_PEAK
New-IND COTNELC1 COMCOA COM_PKRSV
NewTechs COTNGAST COMELC COM_PROJ
NUC_DSCINV COTNOIL1 COMGAS COM_STEP
Peak_RSV CSHEBIO COMOIL COM_TAXNET
Refinery CSHECOA COMSOL COM_VOC
SOLAR_SUBSIDIES CSHEELC DACT FLO_SHAR
SysSettings CSHEGAS DCAP FLO_suB
TOA N2 _DOLIND A e ¥ <all] - NENT. - EILN.TAV A

Add Dimension -

Select Layout Ngne

W@ v

Ready DemoS_012 (C:\Veda\Veda_mocdels\Demo_models\DemoS_012

Reset selection Clese all

+ Add pivet Y Browse

Version-4.0.1.0  sanjulakammammettu |

(Live demo upcoming)
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J VEDA - TIMES and VEDA attributes

Y DemoS_012 - Veda2 - Installer

Model Modules Information  Tools Reports  Help ADVANCED License | Full Maintenance valid till 25 May 2026

L] L]
= Dictionary of all
StartPage Navigator x Browse X ltemsDetail x |RILICT L in Tt T

attributes that e .

Attribute TimeSeries Process Commeodity TimeSlice LimType Currency Stage Sow Otherindexes Alias
FRC_MARK Yes I U (1] commedity_group
C a n b e PRC_NCFF NC T
PRC_NSTTS NO T u NSTTS
. PRC_PCG NO T
defined/read by = =« T
PRC_PKNO NO T PKNO
PRC_REACT Yes T
V E DA PRC_REFIT NO T unit
PRC_RESID Yes T RESID, STOCK
PRC_STGIPS NO T u STGTSS [ |
. U S ef u l PRC_STGTSS NO T U STGIPS
PRC_TSL NO T
PRC_VINT NO T
S u p p le m e nta ry R_CUREX NO U commedity_group
RCAP_BLK Yes T
material when ’ :
Property Description - =
. Input Parameter PRC_RESID
u S I n g Indexes (r,datayear,p)
Related Sets And Parameters NCAP_PASTI

Units Ranges And Default Values And Default Inter Extrapolation Capacity unit [0,7); default value: none Default i/e: 1 (options 5/15 may be used for extrapolation over TLIFE)

B r OWS e/ I t e I I l S Instances Required Omit Special Conditions If enly a single data point is specified, linear decay of the specified residual capacity over technical lifetime is assumed. Used as an alternative to NCAP_PASTI, not to use both for the same process.

Residual existing capacity stock of process (p) still available in the year specified (datayear). PRC_RESID is most useful for describing the stock of capacity with mixed vintages, while NCAP_PASTI is

. Description suited for capacities of a certain vintsges, such s an individual power plans.
D et a I l Affected Equations Or Variables EQ(I)_CAPACT EQ(l)_CAFLAC EQL_CAPFLO EQ(I)_CPT VAR_CAP
Ready 012 (C\Veda\Veda_models\Demc_models\Der 2) Version-4.0.1.0  sanjulakammammettu _|

(Live demo upcoming)
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J VEDA - Items Detail

Shows basic
details about
all items

Includes RES
view to move
across the
energy chain
and view
topology

A

-8 x
Model  Modules  Information  Tools Reports  Help ADVANCED License | Full Maintenance valid till 25 May 2026
StartPage Navigator > Browse X m v X
— Ea
ALl Y
. RSHEELC
ity CommGrp UC
Total: 178 Filtered : 0 Demand Technologies Residential Sector - Existing Space Heating -
R Electricity
RAPNELCT Scenario BASE
Sector RCA RSDELC * DRSH
RSHEELC
REFEQILOO Type DMD I - g
ROTEBIO SubType
Activity Unit  PJ
ROTECOA Capacity Unit GW_PJA
ROTEELC Sets .DMD.
TimeSlice LVL ANNUAL
ROTEGAS -
Vintage 0
ROTEQIL ¥ PCG DRSH
ROTNBIO1 4 Region REG1,REG2 1 NRG DEM Browse v 1
ROTNCOA1 - a
ROTNELCT b E[ (B [% Total Count: 14 BASE / RSHEELC / ACT / UP / ANN...
ROTNGAS1 - N
S scenario W | process WV | commodity_group % | lim_type ¥ | time_slice —
ROTNOIL1
I_fi -
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Example: Residential space heating demand

Remember: TIMES model is driven by demand
Let us choose an example service demand: residential space heating

Assessing technology competition nodes
* Whattechnologies can provide the same demand, i.e., residential space heating?

Following the energy chain

*  What commodities are produced/consumed by different processes in the RES?

How are these technologies defined in VEDA?
*  What TIMES attributes are used for technoeconomic characterization?
* Howto link [energy consumption], [technology stock] and [activity]?
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COA
Coal

GAS
Natural Gas

DSL
Diesel oil
KER
Kerosene

LPG
LPG

GSL
Motor spirit

HFO
Heavy Fuel Oil
oPpP
Other Petroleum
Products

BIO

Biomass

soL
Solar energy

ELC
Electricity

RSHECOA
Demand Technologies Residential Sector
Existing Space Heating - Solid Fuels

( FTE-RSDCOA W
Sector Fuel gy Existing i
L Solid Fuels J
( RSHNCOA1 W
Demand ogi i ial Sector
L New Space Heating - Solid Fuels J
( RSHEGAS W
Demand ogi i Sector
L Existing Space Heating - Natural Gas J
( FTE-RSDGAS
ctor Fuel Technology Existing Residential
L Natural Gas
RSHNGAS1
Demand Technolegies Residential Sector
New Space Heating - Natural Gas
RSHEOQIL
Demand Technolegies Residential Sector
Existing Space Heating - Oil
[ FTE-RSDOIL W
Sector Fuel Te gy Existing
L oil J
RSHNOIL1
Demand Technologies Residential Sector
New Space Heating - Oil
RSHEBIO
Demand Technologies Residential Sector
Existing Space Heating - Biomass
( FTE-RSDBIO W
Sector Fuel gy Existing i
L Biomass J
( RSHNBIO1 W
Demand ogi i Sector
L New Space Healing - Biomass J
RSHESOL
Demand Technologies Residential Sector
Existing Space Heating - Solar
( FTE-RSDSOL
ctor Fuel Technology Existing Residential
L Solar
RSHNSOL1
Demand Technolegies Residential Sector
New Space Heating - Solar
RSHEELC
Demand Technologies Residential Sector
Existing Space Heating - Electricity
( FTE-RSDELC W
Sector Fuel Te gy Existing
L Electricity J

RSHNELC1

ldentifying service demands in the RES

What is the end-
use/service
demands in this
RES?

Naming
convention

D - Demand

R - Residential
o SH-Space

DRSH
Demand Residential Sector - Space Heating

Demand Technologies Residential Sector
New Space Heating - Electricity

heating

Note: This is a partial RES of the RSD
sector in the Day 1 Demo Model
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COA
Coal

GAS
Natural Gas

DSL
Diesel oil
KER
Kerosene

LPG
LPG

GSL
Motor spirit

HFO
Heavy Fuel Oil
oPpP
Other Petroleum
Products

BIO

Biomass

soL
Solar energy

ELC
Electricity

RSHECOA
Demand Technologies Residential Sector
Existing Space Heating - Solid Fuels

( FTE-RSDCOA W
Sector Fuel gy Existing i
L Solid Fuels J
RSHNCOA1
Demand ogi i ial Sector
New Space Heating - Solid Fuels
RSHEGAS
Demand ogi i Sector
Existing Space Heating - Natural Gas
( FTE-RSDGAS
ctor Fuel Technology Existing Residential
L Natural Gas
RSHNGAS1
Demand Technolegies Residential Sector
New Space Heating - Natural Gas
RSHEOQIL
Demand Technolegies Residential Sector
Existing Space Heating - Oil
( FTE-RSDOIL W
Sector Fuel Te gy Existing
L oil J
RSHNOIL1
Demand Technologies Residential Sector
New Space Heating - Oil
RSHEBIO
Demand Technologies Residential Sector
Existing Space Heating - Biomass
( FTE-RSDBIO W
Sector Fuel gy Existing i
L Biomass J
RSHNBIO1
Demand ogi i Sector
New Space Healing - Biomass
RSHESOL
Demand Technologies Residential Sector
Existing Space Heating - Solar
( FTE-RSDSOL
ctor Fuel Technology Existing Residential
L Solar
RSHNSOL1
Demand Technolegies Residential Sector
New Space Heating - Solar
RSHEELC
Demand Technologies Residential Sector
Existing Space Heating - Electricity
( FTE-RSDELC W
Sector Fuel Te gy Existing
L Electricity J

RSHNELC1
Demand Technologies Residential Sector
New Space Heating - Electricity

>

ldentifying competition nodes

DRSH
Demand Residential Sector - Space Heating

= Competition
nodes
* E.g.,what
technologies can
provide the space

heating service
demand DRSH?

O

o O O O O

Coal

Gas

Oil products
Biomass
Solar energy
Electricity

Note: This is a partial RES of the RSD
sector inthe Day 1 Demo Model
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COA
Coal

GAS
Natural Gas

DSL
Diesel oil
KER
Kerosene

LPG
LPG

GSL
Motor spirit

HFO
Heavy Fuel Oil
OPP
Other Petroleum
Products

BIO

Biomass

soL
Solar energy

ELC
Electricity

Y Followingthe e

nergy chain

RSHECOA
Demand Technologies Residential Sector
Existing Space Heating - Solid Fuels

RSHNELC1
Demand Technologies Residential Sector
New Space Heating - Electricity

( FTE-RSDCOA W
Sector Fuel gy Existing i i
L Solid Fuels J
( RSHNCOA1 W
Demand ogi i ial Sector
L New Space Heating - Solid Fuels J
( RSHEGAS W
Demand ogi i Sector
L Existing Space Heating - Natural Gas J
( FTE-RSDGAS
ctor Fuel Technology Existing Residential
L Natural Gas
RSHNGAS1
Demand Technolegies Residential Sector
New Space Heating - Natural Gas
RSHEOQIL
Demand Technolegies Residential Sector
Existing Space Heating - Oil
FTE-RSDOIL
Sector Fuel Te gy Existing
Oil
RSHNOIL1
Demand Technologies Residential Sector
New Space Heating - Oil
RSHEBIO
Demand Technologies Residential Sector
Existing Space Heating - Biomass
( FTE-RSDBIO W
Sector Fuel gy Existing i
L Biomass J
( RSHNBIO1 W
Demand ogi i Sector
L New Space Healing - Biomass J
RSHESOL
Demand Technologies Residential Sector
Existing Space Heating - Solar
( FTE-RSDSOL
ctor Fuel Technology Existing Residential
L Solar
RSHNSOL1
Demand Technolegies Residential Sector
New Space Heating - Solar
RSHEELC
Demand Technologies Residential Sector
Existing Space Heating - Electricity
( FTE-RSDELC W
Sector Fuel Te gy Existing
L Electricity J

= Energy chain

* E.g., Follow the
flow of oil
commodities and
their use in space
heating

> DRSH
Demand Residential Sector - Space Heating

Note: This RES only shows existing
process and commodity flows
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