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General Introduction to the TIMES Documentation

This documentation is composed of five Parts.

Part | providesa general description of the TIMES paradigm, with emphasis on the
model 6s gener al omic signiicance. Rart hatsd includes a semplified
mathematical formulation of TIMES, a chapter comparing it to the MARKAL model,
pointing to similarities and differences, and chapters describing new model options.

Part 1l constitutes a comprehensivdeirence manual intended for the technically minded
modeler or programmer looking for an-dlepth understanding of the complete model
details, in particular the relationship between the input data and the model mathematics, or
contemplating making changest t he model 6s equations. Part
of the sets, attributes, variables, and equations of the TIMES model.

Part Il describes th@rganization of the TIMES modeling environment and @&MS

control statements required to run thé/EHS model. GAMS is a modeling language that
translates a TIMES database into the Linear Programming matrix, and then submits this LP
to an optimizer and generates the result filBsrt Il describes howhe routines
comprising the TIMES source codaidethe model through compilation, execution, solve,
and reporting; the files produced by the run process and their usineanarious switches

that control the execution of the TIMES caatording to the model instance, formulation
options, and run optiornselected by the usdt.also includes a section on identifying and
resolving errors that may occur during the run process.

Part 1V provides a stepy-step introduction to building a TIMES model in the VEDA
Front End (VEDAFE) model management softwaltefirst offers an orientation to the
basic features of VEDAE, including software layout, data files and tables, and model
management features. It then describes in detail twelve Demo models (available for
download from the ETSAP website) that progreslsi introduce VEDATIMES principles

and modeling techniques.

Part V_describes the VEDA Baeknd (VEDA-BE) software, which is widely used for
analyzing results from TIMES models. It provides a complete guide to using MDA
including how to get startedmport model results, create and view tables, create and
modify user sets, and step through results in the model Reference Energy System. It also
describes advanced features and provides suggestions for best practices.
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1 Introduction

The purpose of the Referem Manual is to lay out the full details of the TIMES model,
including data specification, internal data structures, and mathematical formulation of the
model 6s Linear Program (LP) formulation, as
formulations reguired by some of its options. As such, it provides the TIMES
modeller/programmer with sufficiently detailed information to fully understand the nature and
purpose of the data components, model equations and variables. A solid understanding of the
material in this Manual is a necessary prerequisite for anyone considering making
programming changes in the TIMES source code.

The Reference Manual is organized as follows:

Chapter 1 Basic notation and conventions: lays the groundwork for understanding the
restof the material in the Reference Manual;

Chapter 2 Sets: explains the meaning and role of various sets that identify how the
model components are grouped according to their nature (e.g. demand
devices, power plants, energy carriers, etc.) in a TIMES model

Chapter 3 Parameters: elaborates the details related to thepumaded numerical data,
as well as the internally constructed data structures, used by the model
generator (and report writer) to derive the coefficients of the LP matrix (and
prepare theesults for analysis);

Chapter 4 Usage notes on special types of processes: Gives additional information about
using input sets and parameters for the modelling of special types of
processes: CHP, inteegional exchangand storage processes;

Chapter 5 Variables: defines each variable that may appear in the matrix, both
explaining its nature and indicating hotiis into the matrix structure;

Chapter 6 Equations: states each equation in the model, both explaining its role and
providing its explicitmathematical formulatiarincludesuser constraints that
may be employed bynodellers to formulate additional linear constraints,
which are not part of the generic constraint set of TIMES

Appendix A The Climate Module;

Appendix B The Damage Cost Functigrend

Appendix C  The Endogenous Technological Learning capability.

1.1 Basic notation and conventions

To assist the reader, the following conventions are employed consistently throughout this
chapter:

1 Sets, and their associated index names, are in lowleb@d case, e.gcomis the set
of all commodities;

1 Literals, explicitly defined in the code, are in upper case within single qUuodés
that in conformity with the GAMS syntax, single quotes must, in fact, be apostrpphes)
e.g.,'UP for upper bound;

1 Parameters, and scalars (constants, i.eindexed parameters) are in upper case, e.g.,
NCAP_AF for the availability factor of a technology;

1 Variables are in upper case with a prefix of VAR _, e.g., VAR_ACT corresponds to the
activity level of a technolog



1 Equations are in upper case with a prefix of EQ_ or EQ(l)_ with the placeholder (1)
denoting the equation type (I=E for a strict equality, I=L for an inequality with the left
hand side term being smallgranor equalto the right hand side term and |I5Gr an
inequality with the left hand side term being gredtem or equalto the right hand
side erm), e.g., EQ_PTRANS theprocess transformation equation (strict equality)
andEQG_COMBAL is the commodity balance constraint of type G (inequality).

1.2 GAMS modelling language and TIMES implementation

TIMES consists of generic variables and equations constructed from the specification of sets
and parameter values depicting an energy system for each distinct region in a model. To
construct a TIMES modeg preprocessor first translates all data defined by the modeller into
special internal data structures representing the coefficients of the TIMES matrix applied to
each variable of Chapter 5 for each equation of Chapter 6 in which the variable may appear.
This step is called Matrix Generation. Once the model is solved (optimised) a Report Writer
assembles the results of the run for analysis by the modeller. The matrix generation, report
writer, and control files are written in GAMSthe General Algebraic btelling System), a
powerful highlevel language specifically designed to facilitate the process of building large
scale optimisation models. GAMS accomplishes this by relying heavily on the concepts of
sets, compound indexed parameters, dynamic loopidganditional controls, variables and
equations. Thus there is very a strong synergy between the philosophy of GAMS and the
overall concept of the RES specification embodied in TIMES&king GAMS very well

suited to the TIMES paradigm.

Furthermore, by nate of its underlying design philosophy, the GAMS code is very
similar to the mathematical description of the equations provided in Chapter 6. Thus, the
approach taken to i mplement a TIMES model i
(rather complexpreprocessor that handles the necessary exceptions that need to be taken into
consideration to properly construct the matrix coefficients in a form ready to be applied to the
appropriate variables in the respective equations. GAMS also integrates sgamitssl
wide range of commercially available optimisers that are charged with the task of solving the
actual TIMES linear (LP) or mixed integer (MIP) problems that represent the desired model.
This step is called the Solve @ptimisationstep. CPLEX or XRESS are the optimisers
most often employed to solve the TIMES LP and MIP formulations.

The standard TIMES formulation has optional features, such as lumpy investments and
endogenous technology learnifidne organization and layout of the TIMES code, glavith
how it is processed by GAMS during a model run, is discussed in de@®ART IIl. In
addition, a modeller experienced in GAMS programming and the details of the TIMES
implementatiorcould define additional equation modules or report routine madoésed on
this organizationwhich allows the linkage of these modules to the standard TIMES code in a
flexible way. However, any thoughts of modifying the core TIMES code should be discussed
and coordinated with ETSAP.

To build, run and analyse a TIMESode| several software tools have been developed in
the past or are currently under development, so that the modeller does not need to provide the
input information needed to build a TIMES model directly in GAMS. These tools are the
model interfaces VEDAE and ANSWER-TIMES, as well as the reporting and analysing
tool VEDA-BE.

1'GAMS A Us g rA0Brook§ \Di Keedrick, A. Meeraus, R. Raman, GAMS
Development Corporation, December 1998.



2 Sets

Sets are used in TIMES to group elements or combinations of elements with the purpose of
specifying qualitative characteristics of the energy system. One can distingusehene
dimensional and muHiimensional sets. The former sets contain single elements, e.g. the set
prc contains all processes of the model, while the elements of-dménsional sets are a
combination of on@limensional sets. An example for a nugltinensional set is the stip,

which specifies for a process the commodities entering and leaving that process.

Two types of sets are employed in the TIMES framework: user input sets and internal sets.
User input sets are created by the user, and usedstrilte qualitative information and
characteristics of the depicted energy system. One can distinguish the following functions
associated with user input sets:

1 definition of the elements or building blocks of the energy system model (i.e. regions,

processg, commodities),

9 definition of the time horizon and the sahnual time resolution,

1 definition of special characteristics of the elements of the energy system.

In addition to these user sets, TIMES also generates its own internal sets. Internal sets
serveto both ensure proper exception handling (e.g., from what date is a technology available,
or in which timeslices is a technology permitted to operate), as well as sometimes just to
improve the performance or smooth the complexity of the actual model code

In the following sections, the user input sets and the internal sets will be tpres@n
special type of set is@edimensional set, also called index, which is needed to build-multi
dimensional sets or parameters. At the highest level of thdioremsional sets are the master
or Adomaindo sets that define the comprehensi
of the reference energy system such as the processes and commodities in all regions)
permitted at all other levels, with which GAMf&rforms complete domain checking, helping
to automatically ensure the correctness of set definition (for instance, if the process name used
in a parameter is not spelled correctly, GAMS will issue a warning). Therefore, before
elaborating on the variousts, the indexes used in TIMES are discussed.

2.1 Indexes (Onedimensional sets)

Indexes (also called or#imensional sets) contain in most cases the different elements of the
energy model. A list of all indexes used in TIMES is gived able2. Examples of indexes

are the seprc containing all processes, the setontaining all commoditiesor the set
all_reg containing all regions of the model. Some of the-dimeensional sets are subsets of
another onalimensional set, e.g., thets comprising the sealled internal model regions is

a subset of the seatll_reg, which in addition also contains the-salled external model
regiong. To express that the setlepends on the satl_reg, the master setll_reg is put in
brackets aftethe set name: r(all_reg).

The setcg comprises all commodity groupsEach commodity ¢ is considered as a
commodity group with only one elemethie commaodity itself. Thus the commodity se$ a
subset of the commodity group set

Apart from indexs that are under user control, some indexes have fixed elements to serve
as indicators within sets and parametensst of whichshould not be modified by the user
(Table 1). Exceptiors to this rule arghe se$ defined in the file MRLISTS.DEF. For

2 The meaning and the role of internal and external regions is discussed in 3&&tion
3 See Sectio.2.1for a morein-depth treatment of commodity groups.
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example,while the process grougprc_grp) listed in Table 1 are used within the code and
must not be deleted, other process groups may be added by the user.

Table 1: Sets with fixed elements

Set/Index Descrip tion
name

Sets defined in INITSYS.MOD (never to be changed by the user)

bd(lim) Index of bound type; subset of the set lim having the internally fixed
elements 'LO', 'UP', 'FX..

costagg List of cost aggregation types available for user -defined cost constrain  ts:
INV investment costs

INVTAX investment taxes

INVSUB investment subsidies

INVTAXSUB investment taxes and subsidies

INVALL all investment costs, taxes and subsidies
FOM fixed O&M costs

FOMTAX fixed operating taxes

FOMSUB fixed operating subsidie s

FOMTAXSUB fixed operation taxes and subsidies
FOMALL all fixed operation costs, taxes and subsidies
COMTAX commodity taxes

COMSUB commodity subsidies

COMTAXSUB commodity taxes and subsidies

FLOTAX taxes

FLOSUB subsidies

FLOTAXSUB flow taxes and s ubsidies

FIX total fixed costs (investment+fixed O&M costs)
FIXTAX total fixed taxes

FIXSUB total fixed subsidies

FIXTAXSUB total fixed taxes and subsidies

FIXALL all fixed costs, taxes and subsidies

ALLTAX all taxes

ALLSUB all subsidies

ALLTAXSUB all taxes and subsidies

ie Export/import exchange index; internally fixed to the two elements:
'IMP' standing for import and 'EXP' standing for export.

io Input/Output index; internally fixed elements: 'IN', 'OUT"; used in
combination with processes and commodities as indicator whether a
commodity enters or leaves a process.

lim Index of limit types; internally fixed to the elements 'LO', 'UP', 'FX', 'N'.

side Index of constraint sides; internally fixed to the elements 'LHS', 'RHS'

tslvl Index of times lice levels; internally fixed to the elements '"ANNUAL',
'SEASON', 'WEEKLY", 'DAYNITE'.

uc_grptype Index of internally fixed key types of variables:
ACT, FLO, IRE, CAP, NCAP, COMPRD, COMNET, COMCON, UCN
These are used in association with the user constrai nts.

uc_cost Internally fixed list of cost types that can be used as modifier attributes
in user constraints: COST, DELIV, TAX, SUB

uc_name List of internally fixed indicators for attributes able to be referenced as
coefficients in user constraints (e.g. the flow variable may be multiplied
by the attribute FLO_COST in a user constraint if desired):

COST, DELIV, TAX, SUB, EFF, NET, BUILDUP, CAPACT, CAPFLO,
GROWTH, NEWFLO, ONLINE, PERIOD, PERDISC, INVCOST, INVTAX,
INVSUB, CUMSUM, SYNC, YES

See Section 6.4.6  for more detailed information.
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Set/Index
name

Descrip tion

Sets defined in MAPLIST.DEF (additional elements may be added by user)

com_type

Indicator of commaodity type; initialized to the following elements:
DEM demand

NRG energy

MAT  material

ENV  environment

FIN financial

The predefined elements should never be deleted.

dem_sect

List of demand sectors; internally established in MAPLIST.DEF as:

AGR agriculture

RES residential
COM commercial and public services
IND industry

TRN  transport

NE non -energy
OTH  other

The predefined elements should not be deleted.

env_type

List of emission types; internally established in MAPLIST.DEF as:
GHG greenhouse gas

PEM particulate matter emissions

OEM other emissions into air or water

OTHENV other environmental indicator

nrg_type

List of ene rgy types; internally established in MAPLIST.DEF as:
FOSSIL fossil fuel

NUCLR nuclear

SYNTH synthetic fuel

FRERENEW free renewable

LIMRENEW limited renewable (no commaodity balance)

ELC electricity

HTHEAT high temperature heat

LTHEAT low temperature heat

CONSRV conservation

The predefined elements should not be deleted.

prc_grp

List of process groups; internally established in MAPLIST.DEF as:
CHP  combined heat and power plant

DISTR distribution process

DMD demand device

ELE electricity producing technolo gy excluding CHP

HPL  heat plant

IRE inter -regional exchange process

MISC miscellaneous

PRE energy technology not falling in other groups

PRV  technology with material output measured in volume units
PRW technology with material output measured in weight uni ts
REF  refinery process

RENEW renewable energy technology

XTRACT extraction process

NST night (off -peak) storage process

STG  storage process (timeslice storage, unless also STK/NST)
STK  stockpiling process (inter  -period storage)

STS  generalized timeslice s torage

The user may augment this list with any additional groups desired. The
following predefined groups affect the data processing carried out by the

model generator, and should not be deleted by the user: CHP, DISTR,
DMD, ELE, HPL, IRE, PRE, PRV, PRW, REF, NST, STG, STK and STS.
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Table 2: Indexes in TIMES

Index * |Aliases ° Related ¢ | Description
Indexes
age life, jot Index for age (number of years since installation) into a
parameter shaping curve; default elements 1 1 200.
al r all_reg r All internal and external regions.
bd bnd_type lim Index of bound type; subset of lim, having the internally
fixed el ements O6LOO, 6UPO, 6 FX
c(cg) com, coml, cg User defined 7 list of all commodities in all regions; subset
com2, com3 of cg.
cg com_grp, c User defined list of all commodities and commodity
cgl, cg2, groups in all regions  &; each commodity itself is considered
cg3, cg4 a commodity group; initial elements are the members of
com_type.
com_type Indicator of commodity type; initialize d to the predefined
types DEM, NRG, MAT, ENV, FIN (see Table 1).
costagg Indicator of cost aggregation type; initialized to list of
predefined types (see  Table 1).
cur cur User defined list of currenc  y units.
datayear year Years for which model input data are specified.
(year)
dem_sect Indicator of demand sector; initialized to list of predefined
sectors (see Table 1);
env_type Indicator of environmental commodity type; initialized to
list of predefined elements (see Table 1);
ie impexp Export/import exchange indicator; internally fixed = 'EXP"
for exports and 'IMP' for imports.
io inout Input/Output indicator for defining whether a commodity
flow enters or leaves a process; internally fixed = 'IN' for
enters and 'OUT for leaves.
j il Indicator for elastic demand steps and sequence number
of the shape/multi curves; default elements 1 1999,
kp I ndex for Akinko pointsrmenty ETL
limited to 1 -6 {can be extended in <case>.run file by
including SET KP / 1*n/; forn -kink points.
lim lim_type, | bd Index of limit types; internally fixed = 'LO', 'UP', 'FX" and
'N'.
nrg_type Indicator of energy commodity type; initialized to
predefined types (see  Table 1);
p prc User defined list of all processes in all regions 9,
pastyear pyr modlyear, Years for which past investments are specified; pastyears
year must be before the beginning of the first period.
prc_grp List of process groups; internally established in
MAPLIST.DEF (see Table 1).
r(all_n reg all_r Explicit regions within the area of study.

4 This column contains the names of the indexes as used in this document.

5 For programming reasons, alternative names (aliases) may exist for some indexes. This
information is only relevant for those users whoiaterested in gaining an understanding of
the underlying GAMS code.

6 This column refers to possible related indexes, e.g. the indexssatsubset of the index
setcg.

"VEDA/ANSWER compiles the complete list from the union of the commodities defined
in each region.

8 VEDA/ANSWER compiles the complete list from the union of the commodity groups
defined in each region.

9 VEDA/ANSWER compiles the complete list from the union of processes defined in each
region.
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Related

Index 4 |Aliases ° | ¢ | Description
ndexes
S all_ts, ts, Timeslice divisions of a year, at any of the tslvl levels.
s2, sl
side Side indicator for defining coefficients in user constraints;
internally fixed = 'LHS', 'RHS'
t milestonyr, year Representative years for the model periods.
tt
teg p Technologies modelled with endogenous technology
learning.
tslvl Timeslice level indicator; internally fixed = '"ANNUAL',
'SEASON', 'WEEKLY', 'DAYNITE'.
u units units_com, List of all units; maintained in the file UNITS.DEF.
units_cap,
units_act
uc_grptyp Fixed internal list of the key types of variables (see Table
e 1).
uc_n ucn User specified unique indicator for a user constraint.
uc_name Fixed list of indicators associated with various attributes
that can be referenced in user constraints to be applied
when deriving a coefficient (see Table 1).
unit List of capacity blocks that can be added in lumpy
investment option; default elements 0 1 100; the element
'0' describes the case when no capacity is added.
units_act List of activity units; maintained in the file UNITS. DEF.
units_cap List of capacity units; maintained in the file UNITS.DEF.
units_co List of commodity units; maintained in the file
m UNITS.DEF.
v(year) modlyear pastyear, t Union of the set pastyear and t corresponding to all
modelling periods.
wWw allsow Sow, W States of the world that can be used; default elements 1 T
64; under user control by the dollar control parameter
$SET MAXSOW <n> in the <case>.RUN file
year allyear, Il datayear, Years that can be used in the mo del; default range 1850 -
pastyear, 2200; under user control by the dollar control parameters
modlyear, $SET BOTIME <y> and $SET EOTIME <y> in the
milestonyr <case>.RUN file.
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2.2 User input sets

The user input sets contain the fundamental information regarding the structure and the
charateristics of the underlying energy system model. The user input sets can be grouped
according to the type of information related to them:

1 One dimensional sets defining the components of the energy system: regions,
commodities, processes;

1 Sets defining th®eference Energy System (RES) within each region;

1 Sets defining the intezonnections (trade) between regions;

1 Sets defining the time structure of the model: periods, timeslices, timeslice
hierarchy;

1 Sets defining various properties of processes or corntiead

The formulation of user constraints also uses sets to specify the type and the features of a
constraint. The structure and the input information required to construct a user constraint is
covered in detail in Chapter 6, and therefore will not lesgmted here.

Most of the set specifications are handled for the user by the user shell through process
and commodity characterization, and the user does not need to input these sets directly.

In the following subsections first the sets related to thénitieh of the RES will be
described (subsectio?.2.]), then the sets related to the time horizon and theasobal
representation of the energy system will be presented (subs2@i@n The mechanisnfor
defining trade between regions of a mu#gional model is discussed in subsectibR.3
Finally, an overview of all possible user input sets is given in subsexfich

2.2.1 Definition of the Reference Enegy System (RES)

A TIMES model is structured by regionall( r). One can distinguish between external
regions and internal regions. The internal regioh€grrespond to regions within the area of
study, and for which a RES has been defined by the Hseh internal region may contain
processes and commodities to depict an energy system, whereas external regions serve only as
origins of commodities (e.g. for import of primary energy resources or for the import of
energy carriers) or as destination foe texport of commodities. A region is defined as an
internal region by putting it in the internal region sgt (vhich is a subset of the set of all
regionsall_r. An external region needs no explicit definition, all regions that are member of
the setall_r but not member of are external regions. A TIMES model must consist of at
least one internal region, the number of external regions is arbitrary. The main building blocks
of the RES are processgy @nd commoditiesc), which are connected by commoditgws

to form a network. An example of a RES with one internal region (UTOPIA) and two external
regions (IMPEXP, MINRNW) is given ifigurel.

All components of the energy system, as well as nearly the entire input information,
are icentified by a region index. It is therefore possible to use the same process name in
different regions with different numerical data (and description if desired), or even completely
different commodities associated with the process.
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Figure 1. Example of internal and external regions in TIMES
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2.2.1.1 Processes

A process may represent an individual plant, e.g. a specific existing nuclear power plant, or a
generic technology, e.g. the cdakd IGCC technology. TIMES distinguishes thremin
types of processes:

i Standard processes;

1 Inter-regional exchange processes, and

i Storage processes.

2.2.1.1.1 Standard processes

The socalled standard processes can be used to model the majority of the energy
technologies, e.g., condensing power plants, heatgl CHP plants, demand devices such as
boilers, coal extraction processes, etc. Standard processes can be classified into the following
groups:

PRE for generic energy processes;

PRW for material processing technologies (by weight);
PRV for material progssing technologies (by volume);
REF for refinery processes;

ELE for electricity generation technologies;

HPL for heat generation technologies;

CHP for combined heat and power plants;

DMD for demand devices;

DISTR for distribution systems;

MISC for miscelaneous processes.

A -—a-_a-_a_-8_-9_9_-4a_-42_-2

The process classification is done via thepset map(r,prc_grp,p). This grouping is mainly
intended for reporting purposes, but in some cases it also affects the properties of the
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processe¥ and the constraint matrix. The set is maimd in the MAPLIST.DEF file, and
may be adjusted by user with additional technology groups of interest, with some restrictions
as noted imablel.

The topology of a standard process is specified by thegétp,c,io) of all quadruples
such that the procegs in regionr is consuming i¢ = 'IN") or producing ib = 'OUT)
commodityc. Usually, for each entry of the topology s&p a flow variable (se¥ AR_FLO
in Chapter 5) will be created. When thecadledreduction algorithmis activated, some flow
variables may be eliminated and replaced by other variables (see PAREdiion3.7 for
details).

The activity variable\VAR_ACT) of a standard process is in most cases equal to the sum
of one or several commodity flows on eitliee input or the output side of a process. The
activity of a process is limited by the available capacity, so that the activity variable
establishes a link between the installed capacity of a process and the maximum possible
commodity flows entering or &ing the process during a year or a subdivision of a year. The
commodity flows that define the process activity are specified by thpgcsetctunt(r,p,cg,u)
where the commodity indegg may be a single commodity or a uskafined commodity
group andu is the activity unit The commodity group defining the activity of a process is
also calledPrimary CommodityGroup (PCG).

Diesel Gasoline

Oil \ /

Commaodity group

OIL CG SRE DSL GSL
Activity in PJ _\\\
Refinery All commodities
] SRE / in PJ
Definition of COM_GMAP(r,cg,c) = {UTOPIA.CG_SRE.DSL, UTOPIA.CG_SRE.GSL}

commodity group  ppc cG(r,p,cg) = {UTOPIA.SRE.CG_SRE}

Definition of
process activity PRC_ACTUNT(r,p,cg,u) = {UTOPIA.SRE.CG_SRE.PJ}

Figure 2: Example of the definition of a commodity group and the activity of a normal
process.

Userdefined commodity groups are specified by means of thecaet gmap(r,cg,c)
which indicates the commodities (c) belonging to the group. (Gyice a usedefined
commodity group has been defined, one can use it for any processes for defining attributes
that reaquire a commodity group (not only for the definition of the process activity, but also for
other purposes, e.g., in the transformation equation EQ_PTRANS), as long as the members of
the group are valid for the particular process and the process charadiebst defined.

An example for the definition of the activity of a process is showkignre?2. In order to
define the activity of the process SRE as the sum of the two output flows of gasoline (GSL)
and diesel (DSL), one has define a commaodity group called CG_SRE containing these two
commodities. The name of the commodity group can be arbitrarily chosen by the modeller.

10 |mportant cases are the process type GMich activates the CHP attributes, storage
process indicators (STG, STS, STK, NST), and material conversion process types PRW and
PRV, which may affect the creation of the internalmet spg(seeTableb).
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In addition to the activity of a process, one has to define the capacity unit of the process.
This is doneby means of the sgirc_capunt(r,p,cg,u), where the indexcg denotes the
primary commodity group. In the examplekigure 3 the capacity of the refinery process is
defined in mtoe/a (megatonne oil equivalent). Since the capacdyaativity units are
different (mtoe for the capacity and PJ for the activity), the user has to supply the conversion
factor from the energy unit embedded in the capacity unit to the activity unit. This is done by
specifying the parameterc_capact(r,p). In the examplgrc_capacthas the value 41.868.

Diesel Gasoline

Oil \ /

Commaodity group

OIL - CG_SRE DSL GSL
Activity in PJ \\\
Refinery All commodities
] SRE inPJ
Capacity in
mtoe/a
Definition of

capacity unit PRC_CAPUNT(r,p.cg.u) = {UTOPIA.SRE.CG_SRE.MTOE}

Conversion factor from
capacity to activity unit PRC_CAPACT rqp), sre = 41.868

Figure 3: Example of the definition of the capacity unit

It might occur that the unit in which the commodity(ies) of the primary commodity group
are measured, is different fromethactivity unit. An example is shown iRigure 4. The
activity of the transport technology CAR is defined by commodity TX1, which is measured in
passenger kilometres PKM. The activity of the process is, however, defined in vehicle
kilometres VKM, while the capacity of the process CAR is defined as number of cars NOC.

DSL Activity in Arehicle ™1
kilometersfiVKM Qommodity unit
APassenger
kilometersiPKM
I Car
CAR
Capacity in A¢# of carsfi
NOC
Definition of process activity PRC_ACTUNT(r,p,cg,u) = {UTOPIA.CAR.TX1.PKM}
Definition of capacity unit PRC_CAPUNT(r,p,cg,u) = {UTOPIA.CAR.TX1.NOC}

Conversion factor from capacity to

aCtiVity unit PRC—CAPACT UTOPIA, CAR = 10000

Conversion factor from activity unit to

commodity unit PRC_ACTFLO (10pia, 2000,carx1 = 1-9

Figure 4: Example of different activity and commaodity units
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The conversion factor from capacity to activity upit_capact describes the arage
mileage of a car per year. The process parameteactflo(r,y,p,cg) contains the conversion
factor from the activity unit to the commaodity unit of the primary commodity group. In the
example this factor corresponds to the average number of ppesocer (1.5).

2.2.1.1.2 Inter-regional exchange processes

Inter-regional exchange (IRE) processes are used for trading commodities between regions.
They are needed for linking internal regions with external regions as well as for modelling
trade between internaégions. A process is specified as an unegional exchange process

by specifying it as a member of the sgt_map(r,'IRE",p). If the exchange process is
connecting internal regions, this set entry is required for each of the internal regions trading
with region r. The topology of an inteegional exchange procepsis defined by the set
top_ire(all_reg,com,all_r,c,p)stating that the commoditgom in regionall_reg is exported

to the regiorall_r (the traded commodity may have a different nanreregion all_r than in
regionall_reg). For example the topology of the export of the commodity electricity (ELC_F)
from France (FRA) to Germany (GER), where the commodity is called ELC_G via the
exchange process (HV_GRID) is modelled byttige ire entry:

top_ ire (‘FRA','ELC_F', 'GER', 'ELC_G', 'HV_GRID")

The first pair of region and commodity ('FRA', 'ELC_F") denotes the origin and the name of
the traded commodity, while the second pair (GER', 'ELC_G’) denotes the destination. The
name of the traded commoglitan be different in both regions, here 'ELC_F' in France and
'ELC_G' in Germany, depending on the chosen commodity names in both regions. As with
standard processes, the activity definitionet actunt(r,p,cg,u) has to be specified for an
exchange prcess belonging to each internal region. The special features related to inter
regional exchange processes are described in subs2&ia@n

2.2.1.1.3 Storage processes

Storage processes are used to store a commodity eidteedn periods or between
timeslices. A process) can be specified to be an iMeeriod storage (IPS) process for
commodity €) by defining the process to be of the ty®¥K' andc as its PCG (or,
alternatively, including it as a member of the pet_stgips(r,p,c). In a similar way, a
process is characterised as a timeslice storage by defining the process to be of 816Xype '
andc as its PCG (alternatively, by inclusion in the pat_stgtss(r,p,c). A special case of
timeslice storage is a smlled nightstorage device (NST) where the commodity for charging
and the one for discharging the storage are different. An example for a night storage device is
an electric heating technology which is charged during the night using electricity and
producesheat during the day. Including a process in thesetnstts(r,p,s)indicates that it is
a night storage device which is charged in timeslice(§lore than one timeslice can be
specified as charging timeslices, the 1specified timeslices are assumedbe discharging
timeslices. The charging and discharging commodity of a night storage device are specified
by the topology setdp). It should be noted that for int@eriod storage and normal timeslice
storage processdaonNST) the commodity enteringnd leaving the storage (the charged
and discharged commodity) should be a member of the PCG (and both should be, if they are
different). Other auxiliary commodity flows are also permitted in combination with these two
storage types, by including them hrettopology (see Section 4.3.5).

As for standard processes, the flows that define the activity of a storage process are
identified by providing the sedrc_actunt(r,p,c) entry. In contrast to standard processes, the
activity of a storage process is howevsterpreted as the amount of the commodity being
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stored in the storage process. Accordingly the capacity of a storage process describes the
maximum commodity amount that can be kept in storage.

Internally, aprc_map(r,'STG',p) entry is always generatedrfall storage processes to
put the process in the group of storage processes. A fiptbemap entry is created to
specify the type of storage ('STK' for ifeeriod storage, 'STS' for general tisleee storage
and 'NST' for a nighstorage device), uass already defined so by the user.

2.2.1.2 Commodities

As mentioned before, the set of commodities (s a subset of the commodity group f)(

A commodity in TIMES is characterised by its type, which may be an energy carrier (NRG"),
a material (MAT'), a emission or environmental impact (‘'ENV'), a demand commodity
(DEM") or a financial resource ('FIN'). The commodity type is indicated by membership in
the commodity type mapping setofn_tmap(r,com_type,c). The commodity type affects

the default sensefahe commodity balance equation. For NRG, ENV and DEM the
commodity production is normally greater than or equal to consumption, while for MAT and
FIN the default commodity balance constraint is generated as an equality. The type of the
commodity balancean be modified by the user for individual commodities by means of the
commodity limit set ¢om_lim(r,c,lim)). The unit in which a commodity is measured is
indicated by the commodity unit setofn_unit(r,c,units_com). The user should note that
within the GAMS code of TIMES no unit conversion, e.g., of import prices, takes place when
the commodity unit is changed from one unit to another one. Therefore, the proper handling
of the units is entirely the responsibility of the user (or the user interface).

2.2.2 Definition of the time structure

2.2.2.1 Time horizon

The time horizon for which the energy system is analysed may range from one year to many
decades. The time horizon is usually split into seveealodswhich are represented by-so
calledmilestone year(t(allyear) or milestonyr(allyear), seeFigure5). Eachmilestone year
represents a point in time where decisions may be taken by the model, e.g. installation of new
capacity or changes in the energy flows. The activity and flow varialks in TIMES may
therefore be considered as average values over a period. The shortest possible duration of a
period is one year. However, in order to keep the number of variables and equations at a
manageable size, periods are usually comprised of $gens. The durations of the periods

do not have to be equal, so that it is possible that the first period, which usually represents the
past and is used to calibrate the model to historic data, has a length of one year, while the
following periods may hae longer durations. Thus in TIMES both the number of periods and
the duration of each period are fully under user control. The beginning year of a fperiod
B(t), and its ending yeaE(t), have to be specified as input parameters by the userdbée

13in subsectior8.1.3.

To describe capacity installations that took place before the beginning of the model
horizon, and still exist during the modeling horizon, TIMES uses additional years,-the so
cdled past yeas (pastyear(allyear), which identify the construction completion year of the
already existing technologies. The amount of capacity that has been installpdsityeaiis
specified by the paramet®&CAP_PASTI(r,allyear,p), also calledpastinvestment For a
process, an arbitrary number of past investments may be specified to reflect the age structure
in the existing capacity stock. The union of the gseikestonyr and pastyear is called
modelyear (or v). The years for which input data is prded by the user are callelhtayeas
(datayear(allyear)). The datayeas do not have to coincide witmodelyeas, since the
preprocessor will interpolate or extrapolate the data internally tmdloelyeas. All pastyears
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are by default included in datagrs, but, as a general rule, any other years for which input
data is provided should be explicitly included in thedsgtiyear or that information will not

be seen by the model. Apart from a few exceptionsTabte3), all paraneter values defined

for years other than datayears (or pastyears) are ignored by the model generator. Due to the
distinction between of modelyears and datayears, the definition of the model horizon, e.g., the
duration and number of the periods, may be gkdrwithout having to adjust the input data to

the new periods. The rules and options of the 4rated extrapolation routine are described in
more detail in subectiod.1.1

Model horizon

1st period
/ 2"d period | 3 period | 4™ period 5 period

| 99| ool 01| 02| 03| 04| o05] 06|07 08] 0o 10]12]12]13]14a]15]16]17 18| 19| 2o|

Pastyear .

Milestoneyears

"
ililskis il

Figure 5: Definition of the time horizon and the different year types

One should note that it is possible to define past investmi@aR_PASTI) not only for
pastyeas but also for any years within the model horizon, includingntllestone yea.

Since the first period(s) of a meldmay cover historical data, it is useful to store the already
known capacity installations made during this tispan as past investments and not as a
bound on new investments in the model database. If one later changes the beginning of the
model horizorto a more recent year, the capacity data of the first period(s) do not have to be
changed, since they are already stored as past investments. This feature therefore supports the
decoupling of thelatayeas, for which input information is provided, and ttefinition of the

model horizon for which the model is run, making it relatively easy to change the definition of
the modeling horizon. Defining past investments for years within the actual model horizon
may also be useful for identifying already planr{although not yet constructed) capacity
expansions in the near futdtte

1 In this case the modehay still decide to add additional new capacity, if this is
economical and not inhibited by any investment bounds.
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Table 3: Parameters that can have values defined for any year, irrespective of datayéar

Attribute name Description

G_DRATE General discount rate for currenc y in a particular year

MULTI Parameter multiplier table with values by year

ACT_CUM Cumulative limit on process activity

FLO_CUM Cumulative limit on process flow

COM_CUMPRD Cumulative limit on gross production of a commodity for a
block of years

COM_CUMNET Cumulative limit on net production of a commaodity for a
block of years

REG_CUMCST Cumulative limit on regional costs, taxes or subsidies

UC_CUMACT Coefficient for a cumulative amount of process activity in a
user constraint

UC_CUMFLO Coefficient f or a cumulative amount of process flow in a user
constraint

CM_EXOFORC Radiative forcing from exogenous sources; included in the

climate module extension (see Appendix A for a description
of the climate module).

CM_HISTORY Climate module calibration valu es; included in the climate
module extension (see Appendix A for a description of the
climate module).

CM_MAXC Maximum level of climate variable; included in the climate
module extension (see Appendix A for a description of the
climate module).

2.2.2.2 Timeslices

The milestoneyears can be further divided in sabnual timeslices in order to describe for

the changing electricity load within a yeawhich may affect the required electricity
generation capacity, or other commodity flows that need to be traclelinetr than annual
resolution. Timeslices may be organised into four hierarchy levels oANNUAL',
'SEASON, WEEKLY' and DAYNITE' defined by the internal stslvl. The levelANNUAL

consists of only one member, the predefined timedABENUAL ', while the other levels may
include an arbitrary number of divisions. The desired timeslice levels are activated by the user
providing entries in sdés_group(r,tslvl,s), where also the individual usprovided timeslices

(s) are assigned to each level. An migdehal user input sets_map(r,s1,s2)is needed to
determine the structure of a timeslice tree, where timeslice defined as the parent node of

s2 Figure6 illustrates a timeslice tree, in which a year is divided into four seasmmsisting

of working days and weekends, and each day is further divided into day and night timeslices.
The name of each timeslice has to be unique in order to be used later as an index in other sets
and parameters. Not all timeslice levels have to ligad when building a timeslice tree, for
example one can skip th& EEKLY" level and directly connect the seasonal timeslices with

the daynite timeslices. The duration of each timeslice is expressed as a fraction of the year by

12The purpose dthis table is to list those parameteshose year values are independent
of the inputdatayears associated with most of thegular parameters, and therefore need
beincluded in the sadatayear. For example, a value for MULTI(j},'2012") would not require
including2012 indatayears if 2012 were not relevant to the other input parameters
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the parameteG_ YRFR(r,s) The user is responsible for ensuring that each lower level group
sums up properly to its parent timeslice, as this is not verified by thpr@pecessor. The
definition of a timeslice tree is regiapecific*> When different timeslice names and
durations ee used in two regions connected by exchange pregdhe mapping parameters
IRE_CCVT(r,c,reg,comjor commodities andRE_TSCVT(r,s,reg,tsjor timeslices have to

be provided by the user to map the different timeslice definitions. When the same @meslic
definitions are used, these mapping tables do not need to be specified by the user.

<— Model horizon —>

Period 1 Period 2 Period 3 Period 4

Annual

Seasons

|sp_mm|sp_v\m |su_\/\m||su_vsm |FA_\AW|FA_\AW |W|_\AW|W|_\AW Weekly

Daynite

Figure 6: Example of a timeslice tree

Commodities may be tracked and process operation controlled at a particular timeslice
level by using tb setscom_tsl(r,c,tslvl) and prc_tsl(r,p,tslvl) respectively Providing a
commodity timeslice level determines for which timeslices the commodity balance will be
generated, where the default is '"ANNUAL'. For processes, thersetsl determines the
timedice level of the activity variable. Thus, for instance, condensing power plants may be
forced to operate on a seasonal level, so that the activity during a season is uniform, while
hydropower production may vary between days and nights, if DBR&NITE' level is
specified for hydro power plants. Instead of specifying a timeslice level, the user can also
identify individual timeslices for which a commodity or a process is available by the sets
com_ts(r,c,s)andprc_ts(r,p,s) respectively. Note that when giiying individual timeslices
for a specific commodity or process by meansah_tsor prc_ts they all have to be on the
same timeslice level.

The timeslice level of the commodity flows entering and leaving a process are determined
internally by the premrcessor. The timeslice level of a flow variable equals the timeslice level
of the process when the flow variable is part of the primary commodity group (PCG) defining
the activity of the process. Otherwise the timeslice level of a flow variable is shtdioewer
level is finer, that of the commodity or the process.

13 By setting G_YRFR(r,s)=0 one maexclude any individual timeslices from specific
regions, even if only a global timeslice tree is defined for all regions (as it is the case when
using VEDAFE). In this way each region can employ a different subset of the global tree.
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2.2.3 Multi -regional models

If a TIMES model consists of several internal regions, it is called a-negitbnal model.
Each of the internal regions contains a unique RES to represent the patigsutsrthe
region. As already mentioned, the regions can be connected byrdgienal exchange
processes to enable trade of commodities between the regions. Two types of trade activities
can be depicted in TIMES: dateral trade between two regionglanultilateral trade between
several supply and demand regions.

Bi-lateral trade takes place between specific pairs of regions. A pair of regions together
with an exchange process and the direction of the commodityaftefust identified, where
the modé ensures that trade through the exchange process is balanced between these two
regions (whatever amount is exported from region A to region B must be imported by region
B from region A, possibly adjusted for trgmmstation losses). The basic structurghswn in
Figure 7. Bi-lateral trading may be fully described in TIMES by defining an inégional
exchange process and by specifying the two-wae connections by indicating the regions
and commodities be traded via the &gt_ire(r,c,reg,com,p) If trade should occur only in
one direction then only that direction is provided in thetgetire (export from region r into
region reg). The process capacity and the process related costs (e.g. activity costs, investment
costs) of theexchange process can be described individually for both regions by specifying
the corresponding parameters in each regions. If for example the investment costs for an
electricity line between two regions A and B are 1000 monetary units (MU) per MW and 60
% of these investment costs should be allocated to region A and the remaining 40 % to region
B, the investment costs for the exchange process have to be set to 600 MU/MW in region A
and to 400 MU/MW in region B.

Region A Region B

com com

Figure 7: Bilateral trade in TIMES

Bi-lateral trade is the most detailed way to specify trade between regions. However, there
are cases when it is not important to fully specify the pair of trading regions. In such cases,
the secalled multi-lateral trade option decreasethe size of the model while preserving
enough flexibility. Multtlateral trade is based on the idea that a common marketplace exists
for a traded commodity with several supplying and several consuming regions for the
commodity, e.g. for crude oil or GHGmession permits. To facilitate the modelling of this
kind of trade scheme the concept of marketplace has been introduced in TIMES. To model a
marketplace first the user has to identify one internal region that participates both in the
production and consymtion of the traded commodity. Then only one exchange process is
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used to link the supply and demand regions with the marketplace region using the set
top_ire.14

The following example illustrates the modelling of a marketplace in TIMES. Assume that
we wantto set up a markdiased trading where the commodity CRUD can be exported by
regions A, B, C, and D, and that it can be imported by regions C, D, E &iguiFe@).

Supply Demand
regions regions

The same region may occur on
the supply and demand side.

Figure 8: Example of multi-lateral trad e in TIMES

First, the exchange process and marketplace should be defined. For example, we could
choose the region C as the marketplace region. The exchange process has the name XP. The
trade possibilities can then be defined simply by the followingogixire entries:

SET PRC/ XP /;

SET TOP_IRE /
A .CRUD .C .CRUD .XP
B .CRUD .C .CRUD .XP
D .CRUD .C .CRUD .XP
C .CRUD .D .CRUD .XP
C .CRUD .E .CRUD .XP
C .CRUD .F .CRUD .XP

/;

To complete the RES definition of the exchange process, only tipecsetctunt(r,p,c,u)
is needed to define the units for the exchange process XP in all regions:

SET PRC_ACTUNT/
A .XP .CRUD .PJ

B .XP .CRUD .PJ

C .XP .CRUD .PJ

D .XP .CRUD .PJ

E .XP .CRUD .PJ

F .XP .CRUD .PJ

1,

14 Note however thasome flexibility is lost when using multilateral trade. For instance, it
is not possible to express transportation costs in a fully accurate manner, if such cost depends
upon the precise pair of trading regions in a specific way.
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These definitions are sufficient for setting uptlod marketbased trade. Additionally, the
user can of course specify various other data for the exchange processes, for example
investment and distribution costs, and efficiencies.

2.2.4 Overview of all user input sets

All the input sets which are under usentrol in TIMES are listed iTable4. For a few sets

default settings exist that are applied if no user input information is given. Set names starting
with the prefix o6com_6 are associtestp@asswi t h

i nformation and the prefi x <&onstraidts. Coummr3eob er v e (
Table4 is a description of each set. In some cases (especially for complex sets), two
(equivalent) descriptions may be givehe first in general terms, followed by a more precise
description within square brackets, given in terms-tfples of indices.

Remark

Ses are used in basically two ways:
1 as the domain over which summations must be effected in some mathematical
expression, or
1 as the domain over which a particular expression or constraint must be enumerated
(replicated)

In the case of4dlimensional sets, some indexes may be useeni@meration and others for
summation. In each such situation, the distinctiontvibeen the two uses of the indexes is
made clear by the way each index is used in the expression.

An example will illustrate this important point: consider thdidhensional setop, having
indexes r,p,c,io (see tabfefor its precise description). If ste quantityA(r,p,c,io) must be
enumerated for all values of the third index (c=commodity) and of the last index
(io=orientation), but summed over all processes (p) and regions (r), this will be
mathematically denoted:

EXPRESSION, , = & A(r, p,c,io)

r,p.c,iol top

It is thusunderstood from the indexes listed in the name of the expression (c,io), that these
two indexes are being enumerated, and thus, by deduction, only r and p are being summed
upon. Thus the expression calculates the total of A for each commodity c, in estio@lio

(61 N6 and 60UT6), summed over all processes

Another example illustrates the case of nested summations, where index r is enumerated in the
inner summation, but is summed upon in the outer summation. Again here, the expression is
made unambiguous by observing the positions of the different indexes (for instance, the outer
summation is done on the r index)

EXPRESSION,, = & B(A A, p)

r,p,c,iol top p
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Table 4: User input sets in TIMES

ISDe/tIndexes 15 |Alias 1° Description

all_r all_reg Set of all regions, internal as well as external; a region is
defined as internal by putting it in the internal region set ( r),
regions that are not member of the internal region set are per
definition external.

c com, coml, User defined list of all commodities in all regions; subset of cg.

(cq) com2, com3

cg com_grp, User defined list of all commodities and commodity groups (see

cgl, cg2, Figure 2)in all regions.
cg3, cg4

clu Set of cluster technologies in endogen ous technology learning.

()

com_desc Commaodities by region, only to facilitate different descriptions

(r,c) by region. The elements are pairs {r,c} , forwhich the
description is specified according to the GAMS syntax.

com_gmap Mapping of commodit y c to user -defined commodity group cg,

(r,cg,c) including itself [set of triplets { r,cg,c }such that commodity ¢
in in group cg in region r] A7

com_lim Definition of commodity balance equation type [set of triplets

(r,c,lim) {r,clim }such that commodity ¢ has a b alance of type lim
(lim="UP','LO','FX", 'N') in region r]; Default: for commaodities of
type NRG, DM and ENV production is greater or equal
consumption, while for MAT and FIN commodities the balance
is a strict equality.

com_off Specifying tha tthe commodity ¢ inregion r is not available

(r,c,yl,y2) between the years yl1 and y2 [setof quadruplets{ r,cyly2 }
such that commodity c is unavailable from years y1 to y1 in
region r] ; note that y1l may be 'BOH' for the first year of the
first period and y2 may b e 'EOH' for the last year of the last
period.

com_peak Set of pairs { r,cg } such that a peaking constraint is to be

(r,ca) generated for commodity cg in region r; note that the peaking
equation can be generated for a single commaodity ( cg also
contains sin gle commodities c¢) or for a group of commodities,
e.g. electricity commaodities differentiated by voltage level.

com_pkts Set of triplets {  r,cg,s } such that a peaking constraint for a

(r,ca,s) single commodity or a group of commaodities cg (e.g.ifthe
mod el differentiates between three electricity commodities:
electricity on high, middle and low voltage ) is to be generated
for the timeslice  s; Default: all timeslices of com_ts ; note that
the peaking constraint will be binding only for the timeslice with
the highest load.

com_tmap Mapping of commaodities to the main commodity types (see

(r,com_type,c) com_type in Table 1); [set of triplets { r,com_type,c  }such
that commodity ¢ has type com_type];

15 The first row containghe set name. If the set is a edimensional subset of another set,
the second row contains the parent set in brackets. If the set is adlimeltisional set, the
second row contains the index domain in brackets.

18 For programming reasons, alternative ean(aliases) may exist for some indexes. This
information is only relevant for those users who are interested in gaining an understanding of
the underlying GAMS code.

17 For multidimensional sets such as this one, two definitions are sometimes given, one as
an indicator function or mapping, the other (in square brackets) as a seipté
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Set

D/indexes 15 Alias 16 Description

com_ts Setof triplets { r,c,s } such that commodity ¢ is available in

(r,c,s) timeslice s inregion r; commodity balances will be generated
for the given timeslices; Default: all timeslices of timeslice level
specified by com_tsl

com_tsl Setof triplets {  r,c,tslvl } such that com modity c is modelled on

(r,c,tsivl) the timeslice level  tslvl in region r; Default: 'ANNUAL timeslice
level.

com_unit Set of triplets {  r,c,units_com  } such that commodity cis

(r,c,units_com) expressed in unit  units_ com  inregion r.

cur User defined list of currenc  y units.

datayear Years for which model input data are to be taken; No default.

(year)

dem_smap Mapping of demands to main demand sectors (see dem_sect

(r,dem_sect,c) in Table 1); [set of triplets { r.dem_sect,c  }such that
commodity ¢ belongs to sector dem_sect];

env_map Mapping of environmental commodities to main types (see

(r.env_grp,c) env_grp in Table 1); [set of triplets { renv_grp,c  }such that
commaodity c is of type env_grp].

nrg_tmap Mapping of energy commodities to main types (see nrg_type

(r,nrg_type,c) in Table 1); [set of triplets { r,nrg_type,c  } such that
commodity c is of type nrg_type].

p prc User defined list of all processes in all regions

pastyear pyr Years for wh ich past investments are specified; pastyears have

(year) to lie before the beginning of the first period; No default.

prc_actunt Definition of activity [Set of quadruples such that the

(r,p,cg,units_act) commodity group  cg is used to define the activity of the process
p, with units  units_act , in region  r].

prc_aoff Set of quadruples { r,p,yl,y2 }such thatprocess p cannot

(r,p,yl,y2) operate (activity is zero) between the years yl and y2 inregion
r; note that yl1 may be 'BOH' for first year of first period and y2
may be 'EOH' for last year of last period.

prc_capunt Definition of capacity unit of process p [set of quadruples

(r,p,cg,units_cap)

{ r,p,cq,units_cap } such that process p uses commodity group
cg and units units_cap  to define its capacity in region r].

prc_desc
(r.p)

Processes by region, only to facilitate different descriptions by
region. The elements are pairs {r,p} . for which the process
description is specified according to the GAMS syntax.

prc_dscncap
(r,p)

Set of processes p to be modelled u sing the lumpy investment
formulation in region r; Default: empty set. If p is not in this

set, then any lumpy investment parameters provided for p are
ignored.
prc_foff Set of sextuples specifying that the flow of commodity c at
(r,p,c,s,yl,y2) process p and timeslice s is not available between the years yl

and y2 inregionr ;notethat yl may be 'BOH' for first year of
first period and  y2 may be 'EOH' for last year of last period.

prc_grp List of process groups, used mainly for reporting purposes;
Predefined list of groups (defined in MAPLIST.DEF) is shown in
section 2.2.1.

prc_map Grouping of processes into process groups ( prc_grp) [set of

(r,prc_grp,p)

triplets { r,prc_grp,p } such that process p belongs to group
prc_grp inregion r]. Note: used str ictly for reporting purposes.

prc_noff Set of quadruples { r,p,yl,y2 } such that new capacity of

(r,p.yl,y2) process p cannot be installed between the years yl and y2 in
region r;notethat yl may be 'BOH for first year of first period
and y2 may be 'EOH' for last year of last period.

prc_nstts Set of triplets{ r,p,s } such that process p is a night storage

(r,p,s) device with charging timeslices s in region r; note that for night

storage devices the commodity entering and the commodity
leaving the storag e may be different, as defined via the set top .
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Set

D/indexes 15 Alias 16 Description
prc_pkaf Set of pairs{ all_r,p } such that the availability factor
(all_r,p) (ncap_af) isto be used as value for the fraction of capacity of
process p that can contribute to the peaking constraints
(ncap_pk cnt),inregion r.
prc_pkno Setof pairs { all_r,p }such that process p cannot be used in the
(all_r,p) peaking constraints in region r.
prc_rcap Set of pairs { r,p }such that early retirements are activated for
(r,p) process p inregion r.
prc_ts prc_ts2 Set of triplets{ all_r,p,s }suchthat process p can operate at
(all_r, p,s) timeslice s in region r; Default: all timeslices on the timeslice
level specified by  prc_tsl
prc_tsl Set of triplets {  r,p ,ts Ivl } such that process  p can operate at
(r,p.tsivl) timeslice level tslvl inregion r; Default: 'ANNUAL' timeslice
level.
prc_vint Set of processes p that are vintaged technologies inregion r,
(r.p) i.e. technical characteristics are tied to when the capacity was
installed, not the current period; Default : process is not
vintaged; note that vintaging increases the model size.
r reg Set of internal regions; Subset of all_r .
(all_reg)
s all_ts, ts, s2, Set of all timeslices (define the sub -annual divisions of a
sl period). Timeslices effectively defined fo r specific processes and
technologies are subsets of this set.
t milestonyr, Set of representative years (middle years) for the model
(year) tt periods within the modelling horizon.
teg Set of technologies selected for endogenous technology
(9) learning ; Subset of set p; if p notin teg ,then any ETL
investment parameters provided are ignored
top RES topology definition indicating that commodity c enters
(r,p,c,io) (io=061 N&6) orioxQUa'vte process p [set of quadruples
{r,p,ciio }suchthatpr ocess p has a flow of commodity ¢ with
orientation io inregion r].
top_ire RES topology definition for trade between regions [Set of
(all_reg,com, quintuples indicating that commodity com fromregion all_reg
all_r,c,p) is traded (exported) via exchange process p (whereitis
imported) into region all_r as commodity c]; note: the name of
the traded commodity may be different in the two regions.
By using all_reg =all_r , one can also define bi  -directional
processes within a region, e.g. for modeling transmis sion lines.
ts_group Set of triplets { all_r,tslvl,s  } such that timeslice s belongs to
(all_r,tslvl,s) the timeslice level  tslvl inregion r; needed for the definition of
the timeslice tree; only default is that the '"ANNUAL' timeslice
belongs to the '"ANNU AL’ timeslice level.
ts_map Set of triplets { all_r,s,ts } such that s is an intermediate node
(all_r,s,ts) s of the timeslice tree (neither 'ANNUAL' nor the lowest level),
and ts is a node directly under s inregion r;the setis further
extended by allow ing ts = s (see figure 1).
uc_attr Set of quintuples such that the UC modifier specified by the
(r,uc_n,side, uc_name (e.g., cost, conversion factor, etc.) will be applied to
uc_grptype, the coefficient for the variable identified by uc_grptype in the
uc_name) user constraint uc_n , forthe side side ('LHS'or'RHS") in
region r;if uc_name ='GROWTH' the user constraint represents
a growth constraint.
uc_n ucn List of user specified unigue indicators of the user constraints.
uc_dynbnd List of u ser constraint names  uc_n that will be handled as
(uc_n,bd) simplified process -wise dynamic bound constraints of type bd .
Can be used together with UC_ACT, UC_CAP, and UC_NCAP for
defining the growth/decay coefficients and RHS constants for
the dynamic bounds. See E  Q UCRTP for information on usage.
uc_r_each Setof pairs{ all_r,uc_n } such that the user constraint uc_n is
(all_r,uc_n) to be generated for each specified region al r .
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Set

D/indexes 15 Alias 16 Description
uc_r_sum Setof pairs{ all_r,uc_n } indicating that the user constrai nt
(all_r,uc_n) uc_n is summing over all specified regions all_r (thatis these
constraints do not have a region index). Note that depending on
the specified regions in ur_r_sum , the summation may be
done only over a subset of all model regions. For example if the
mode | contains the regions FRA, GER, ESP and one wants to
create a user constraint called GHG summing over the regions
FRA and GER but not ESP, the set uc_r_sum  contains has the
two entries {'FRA', 'GHG"} and {'GER', 'GHG'}.
uc_t_each Indicator th at the user constraint uc_n is to be generated for
(r,uc_n,) each specified period  t.
uc_t_succ Indicator that the user constraint uc_n is to be generated
(r,uc_n,t) between the two successive periods t and t+1.
uc_t_sum Indicator that the user constr aint uc_n isto be generated
(r,uc_n,t) summing over the periods t.
uc_ts_each Indicator that the user constraint uc_n will be generated for
(r,uc_n,s) each specified timeslice  s.
uc_ts_sum Indicator that the user constraint uc_n isto be generated
(r,uc_n,s) sum ming over the specified timeslice S.
uc_tsl Indicator of the target timeslice level tslvl of atimeslice -
(r,uc_n,side,tslvl) dynamic (or pseudo  -dynamic) user constraint uc n .
\% modlyear Union of the sets  pastyear and t corresponding to all the years

(pe riods) of a model run (thus actually an internal set).
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2.3 Definition of internal sets

The sets internally derived by the TIMES model generator are givéahle5. The list of

internal sets presented here concentrates on thefregeently used in the model generator

and the ones used in the description of the model equations in Chapter 6. Some internal sets
are omitted fromTable 5 as they are strictly auxiliary sets of the preprocessor whose main
purposds the reduction of the computation time for preprocessor operations.

Table 5: Internal sets in TIMES

SetID 18 I

Indexes 19 Description

afs Indicator that the internal parameter COEF_AF, which is used as

(r.t,p,s,bd) coefficient of th e capacity (new investment variable VAR_NCAP plus past
investments NCAP_PAST]) in the capacity utilization constraint
EQ(l)_CAPACT, exists.

bohyear Set allyear plus element’ BOH ' (Beginning Of Horizon).

(*) 20

dm_year Union of sets datayear and modl year

(year)

eachyear Set of all years between scalars MINYR  (first year needed for cost

(year) calculation in objective function) and MIYR_VL + DUR_MAX (estimation
of last year possible cost terms may occur).

eohyear Set allyear plus element’ EOH' (Ending O F Horizon)

*)

eohyears Set of all years between scalars MINYR  (first year needed for cost

(year) calculation in objective function) and MIYR_VL (last year of model
horizon).

finest Set of finest timeslices s used inregion r.

(r.s)

fs_emis I ndicator that the flow variable (VAR_FLO) associated with emission com

(r,p,cg,c,com)

can be replaced by the flow variable of ¢ multiplied by the emission factor
FLO_SUM , which is used in the transformation equation (EQ_PTRANS)
between the commodity group cg and the comm odity com ; used in the
reduction algorithm (see Part III).

g_rcur Indicator of main currency cur by region r. For regions having several

(r,cur) discounted currencies, the one having highest present value factors is
selected; used for undiscounting the so lution marginals.

invspred Set of investment years y and commissioning years k belonging to the

(year,jot,k,y) investment spread starting with year and having jot number of steps
(used for investment and fixed cost accounting).

invstep Set of investment years y belonging to the investment spread starting

(year,jot,y,jot) with year and having jot number of steps (used for investment and fixed
cost accounting).

miyr_1 First milestonyr

(t)

no_act List of processes p inregion r notrequiring the act ivity variable; used in

(r,p) reduction algorithm

no_cap List of processes p inregion r not having any capacity related input

(r,p) parameters; used in reduction algorithm.

no_rvp New investment in process p inregion r is not possible in period v and

(r,v,p) previously installed capacity does not exist anymore.

18 Name of the internal set as used in this documentation and the GAMS code.
19 Index domain of the internal set is given in brackets (Note: the symbyls y2, k,
ard I all refer toyear).

20 The asterisk denotes in the modeling system GAMS a wildcard, so that domain

checking is disabled and any index may be used.
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SetID 18

Indexes 19 Description

obj_1la Investment case small investment (NCAP_ILED/D(v) <= G_ILEDNO) and

(r,v,p) no repetition of investment ( NCAP_TLIFE + NCAP_ILED >=D(v) ) for
process p inregion r and vintage period V.

obj_1b Investment case small investment ( NCAP_ILED/D(v) <= G_ILEDNO ) and

(r,v,p) repetition of investment ( NCAP_TLIFE + NCAP_ILED < D(v) ) forprocess p
in region r and vintage period V.

obj_2a Investment case large investment ( NCAP_ILED/D(v) > G_ILEDNO )andno

(r,v,p) repetition of investment ( NCAP_TLIFE + NCAP_ILED >=D(v) ) for process
p inregion r and vintage period v.

obj_2b Investment case large investment ( NCAP_ILED/D(v) > G_ILEDNO )and

(r,v,p) repetition of investment ( NCAP_TLIFE + NCAP_ILED <D(v) )forpro cess p
inregion r and vintage period v.

obj_idc Summation control for calculating the interest during constriction (IDC)

(r,v,p,life k,age) for investment Cases 2.a and 2.b.

obj_sumii Summation control for investment and capacity rela ted taxes and

(r,v,p,life,y,jot)

subsidies of the in the annual objective function, with lifetime life , spread
starting in commissioning year y, having jot number of steps in the
spread, and vintage period V.

obj_sumiii Summation control for decommissioning ¢ osts with for the running year
(r,v,p,ILk,y) index y of annual objective function, vintage period v, startup -year I, and
commissioning year  k (e.g. for spreading decommissioning costs over
decommissioning time).
obj_sumiv Summation control for fixed costs in the annual objective function with
(r,v,p,life,y,jot) lifetime life , spread starting in commissioning year y, having jot number
of steps in the spread, and vintage period V.
obj_sumivs Summation control for decommissioning surveillance costs with runni ng
(r,v,p.k,y) year index y of annual objective function, vintage period v and
commissioning year K.
obj_sums Indicator that process p inregion r withvintage period v has a salvage
(r,v,p) value for investments with a (technical) lifetime that extends past the
mode | horizon.
obj_sums3 Indicator that process p inregion r withvintage period v has a salvage
(r,v,p) value associated with the decommissioning or surveillance costs.
obj_sumsi Indicator that for commissioning years k process p inregion r with
(r,v,p,K) vintage period v has a salvage value due to investment, decommissioning
or surveillance costs arising from the technical lifetime extending past the
model horizon.
periodyr Mapping of individual years y to the modlyear (milestonyr or pastyear; V)
(v,y) period they belong to; if v is a pastyear |, only the pastyear itself belongs
to the period; for the last period of the model horizon also the years until
the very end of the model accounting horizon ( MIYR_VL + DUR_MAX) are
elements of periodyr
prc_act Indicator that a process p inregion r needs an activity variable (used in
(r,p) reduction algorithm).
prc_cap Indicator that a process p inregion r needs a capacity variable (used in
(r,p) reduction algorithm).
prc_spg Shadow primary group (SPG) o fa process p; all commodities on the
(r,p,cq) opposite process side of the primary commodity group (PCG) which have

the same commaodity type as the PCG, usually internally determined

(though it may be specified by the user under special circumstances (e.g.,
when no t all the commodities on the opposite side of the process, which
should be in the SPG, are of the same commaodity type com_type ).
If no commodity of the same type is found:

if PCG is of type 'DEM' and process is a material processing process (PRV
or PRW), then the SPG contains all material commodities
otherwise the SPG is selected as the first type among the
types on the SPG side, in the flowing order:

When PCG type is DEM: (NRG, MAT, ENV)

When PCG type is NRG: (MAT, DEM, ENV)

When PCG type is MAT: (NRG, DEM, ENV)

When PCG type is ENV: (NRG, MAT, DEM)

commodity

on the SPG side ;
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SetID 18

Indexes 19 Description

prc_stgips Set of triplets { r,p,c } such that process  p isan inter -period storage for

(r,p,c) the commodity c inregion r;the commodity c enters and/or leaves the
storage accordi ng to the set  top ; the storage can only operate at the
ANNUAL level.

prc_stgtss Setof triplets { r,p,c } such that process  p is a storage process between

(r,p,c) timeslices ( e.g., seasonal hydro reservoir, day/night pumped storage ) for
commodity c inregio n r; commodity ¢ enters and/or leaves the storage
according to set  top ; the storage operates at the timeslice level prc_tsl

rc List of all commodities ¢ found inregion r.

(r.c)

rc_agp Indicator of which commodities c are aggregated into othe  r commodities

(r,c,lim) by aggregationtype  lim .

rc_cumcom Indicator of a cumulative constraint of type com_var defined for

(r,com_var,yl,y2,c) commodity ¢ betweenyears yl and y2

rcj Steps j used in direction bd for the elastic demand formulation of

(r,c,j,bd) commodity c.

rcs_combal Indicator of which timeslices ( s) associate with commodity ¢ inregion r

(r.t,c,s,bd) for time period t the commodity balance equation ( EQ(l)_COMBAL) is to
be generated, with a constraint type corresponding to bd .

rcs_comprd Indicator of which timeslices ( s) associate with  commodity c inregion r

(r,t,c, s,bd) for time period t the commodity production equation ( EQ(l)_COMBAL) is
to be generated, with a constraint type according to bd, whena
corresponding rhs _comprd indicator exists.

rcs_comts All timeslices s being at or abovet ime slice level ( com_tsl ) of commodity

(r,c,s) c inregion r.

rdcur List of currencies cur that are discounted (G_DRATE provided) in each

(r,cur) region r.

rhs_combal Indicator that the commodity ne t variable (  VAR_COMNET) is required in

(rt.c,s) commodity balance ( EQE_COMBAL), owing to bounds/costs imposed on
the net amount.

rhs_comprd Indicator that the commodity production variable ( VAR_COMPRD) is

(rtc,s) required in commaodity balance ( EQE_COMPRD), owing to a limit/costs
imposed on the production.

rp List of processes ( p) in each region ( r).

(r.p)

rp_aire List of exchange processes (  p) in each region ( r) with indicators ( ie)

(r,p,ie) corresponding to the activity being defined by imports/exports or both

rp_flo List of all processes in region ( r) , except inter -regional exchange

(r,p) processes (_ire ).

rp_inout Indicator as to whether a process ( p) inaregion ( r) is input or output (io

(r,p,io) ='IN'/'OUT") normalized with respect to its activity.

rp_ire List of inter -regional exchange processes ( p) found in each region ( all_r ).

(all_r,p)

rp_pg The primary commodity group ( cg) ofeach process( p) inaregion( r).

(r,p,c9)

rp_pgtype The commodity type (  com_type ) of primary commodity gro up ofa

(r,p,com_type) process (_p)inaregion ().

rp_sgs List of those standard processes ( p) ineach region ( ), which have been

(r,p) defined to have a night storage (NST) capability.

rp_std List of standard processes ( p) in each region ().

(r.p)

rp_stg List of storage processes (  p) ineach region ( r).

(r.p)

rp_sts List of generalized timeslice storage processes ( p) ineachregion( r).

(r.p)

rp_upl List of those processes ( p) ineachregion ( r) that have dispa tching

(r,p,lim) attributes  ACT_MINLD/ ACT_UPS defined , with qualifier  lim .

rp_ups Timeslices ( s) of a process ( p)inaregion ( r) during which start  -ups are

(r,p,tslvl,lim) permitted (used for processes in the set rp_upl(r,p,  'FXY)

rpc List of commodities ( c) associated with a process  p inregion r (by top or

(r,p,c) top ire ).
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SetID 18

Indexes 19 Description
rpc_act Indicator that the primary commodity group of a process ( p), except
(r,p,c) exchange processes (see rpc_aire ) consists of only one commodity ( c),
enabling the corresponding flow variable to be replaced by the activity
variabl e (used in reduction algorithm).
rpc_aire Indicator that the primary commodity group of an exchange process ( p)
(r,p,c) consists of only one commodity ( c), enabling the corresponding flow
variable to be replaced by the activity variable (used in reduction
algorithm).
rpc_capflo Indicator that a commodity flow c inregion r is associated with the
(r,v,p,c) capacity of a process ( p,dueto NCAP_ICOM, NCAP_OCOM, or NCAP_COM
being provided ).
rpc_cumflo Indicator of a cumulative constraint defin ed for commodity flow ¢ of
(r,p,c,yl,y2) process p betweenyears vyl and y2
rpc_noflo A subset of rpc_capflo indicating those processes (  p) inaregion( r)
(r,p,c) where a commodity ( ¢) is only consumed or produced through capacity
based flows, and thus has no flow vari able for the commodity.
rpc_emis Indicator that the flow variable of an emission commodity ( cg ) associated
(r,p.cq) with process ( p) inaregion ( r) can be replaced by the fuel flow causing
the emission multiplied by the emission factor (used in reduction
algorithm).
rpc_eqire Indicator of the commodities ( ¢) associated with inter  -regional exchange
(r,p,c) processes ( p) inregion ( r) for which aninter  -region exchange equation
(EQ_IRE) is to be generated; the set does not contain the marketplace
region ( rpc_market ).
rpcc_ffunc Flow variable of a commodity ( c) associated with a process (  p) that can
(r,p,c) be replaced by another flow variable of the process, due to a direct
FLO _FUNC or FLO SUM relationship.
rpc_ire Commodities ( ¢) imported or exported ( ie= 'IMP '/ '"EXP') via process p in
(all_r,p,c,ie) aregion (_all r ).
rpc_market List of market regions (subsetof all_r ) that trade acommodity ( c)

(all_r,p,c ,ie)

through a process ( p) either by only multidirectional export links
(ie ='EXP’) or by bothimporta nd exportlinks ( ie ='IMP'). The market
structure is user _ -defined through the set top_ire

rpc_pg Mapping of the commodities ( c) inaregion ( r) that belong to the primary
(r,p,cg,c) commodity group ( cg) associated with process  p.
rpc_spg The list of commodities ( ¢) inaregion ( r) belonging to the shadow
(r,p,c) primary group of process ( p).
rpc_stg List of stored (charged/discharged) commodities ( c¢) of storage processes
(r,p,c) (p) inregion (_ r).
rpc_stgn List of those stored (charged/discha rged) commodities ( ¢) of storage
(r,p,c,io) processes ( p) inregion ( r), which are connected to the commodity

balance on one side (__io) only.
rpcg_ptran Indicator of the transformation equations ( EQ_PTRANS) that can be

(r,p,cl,c2,cgl,cg?)

eliminated by the reduction algorithm.

rpcs_var The list of valid timeslices for the flow variable (VAR_FLO) of commodity c
(r,p,c,s) associated with process  p inregion r; flow variables of commodities which
are part of the primary commodity group have the timeslice resolution of
the process ( prc_tsl ), while all other flow variables are created according
tothe rps_sl timeslices.
rps_prcts All (permitted) timeslices ( s) at or above the process ( p) timeslice level
(r,p,s) (prc_tsl )inaregion ().
rps_sl All (permitted) ti  meslices ( s) belonging to the finest timeslice level of the
(r,p,s) process ( p, prc_tsl ) and the commodity timeslice level ( com_tsl ) of the
shadow primary commodity group.
rps_s2 For an ANNUAL level NST process, contains all permitted timeslices ( s) at
(r,p,s) th e level above the finest commodity timeslice levels ( com_tsl ) of the
shadow primary group (spg). For all other processes, rps_s2 =rps_sl.
rps_stg Process level timeslices ( s) of timeslice storage process ( p) in aregion
(r.p.s) (r).
rreg Indicator that trade exists from region all_reg toregion all_r .
(all_reg,all 1)
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Indexes 19 Description
rs_below All timeslices ( s) strictly below the higher timeslice ( ts) in the timeslice
(all_r,ts,s) tree.
rs_belowl All timeslices ( s) immediately (one level) below the higher timeslice ( ts)
(all_r,ts,s) in the timeslice tree.
rs_tree For a timeslice ( ts) all timeslices ( s) that are on the same paths within
(all_r,ts,s) the timeslice tree, e.g. if ts =SP _WD in Fig. 6, valid timeslices S are:
ANNUAL, SP, SP_WD, SP_WD_D, SP_WD_N
rtc_cumnet Indicator that the commodity net variable ( VAR_COMNET) for commodity
(r,tc) c inregion r for period t has acumulative bound applied.
rtc_cumprd Indicator that the commaodity production variable ( VAR_COMPRD) for
(r,tc) commodity c inregion r for period t has a cumulative bound applied.
rtcs_sing Indicator that a commodity c is not available in a specific period t and
(r.t,c,s,i0) timeslice s, since the allthe processes producing ( i0 ='OUT') or consuming
it (io="IN") areturned -off. Inthe case of i0o="OUT ', the com modity is not
available , meaning that processes  having only this commodity as input
cannot operate. Similar reasoning applies to the case io="IN".
rtcs_varc For commodity ( ¢) inregion ( r) indicator for the timeslices ( s) and the
(r,t,.c,s) peri ods ( t) the commodity is available.
rtp = rvp Indication of the periods and pastyears for which process ( p) inregion( r)
(r,v,p) is available; all other RTP * control sets are based on this set.
rtp_cptyr For each vintage period ( v) anindicat ion of the periods ( t) for which
(r,v.t,p) newly installed capacity of process ( p) inaregion ( r) is available, taking
into account construction lead -time ( NCAP_ILED ) and technical lifetime
(NCAP_TLIFE ).
rtp_off Indication of the periods ( t) in which no ne w investment is permitted for a
(r,t,p) process ( p) inaregion (_r).
rtp_vara Indication of the periods ( t) for which a process (  p)inaregion( r)is
(r,t,p) available.
rtp_varp Indicator that the capacity variable ( VAR_CAP ) will be generated for
(r,t,p) proces s (p)inaregion ( r)in period (_ t).
rtp_vintyr An indication of for which periods ( t)aprocess( p)inaregion( r)is
(r,v,t,p) available since it was first installed ( v); for vintaged processes ( prc_vint )
identical to rtp_cptyr , for non -vintaged proces sesthe v index inthe
rtp_cptyr  entries is ignored by setting it to t (v.=1).
rtpc For a process ( p)inaregion ( r) the combination of the periods it is
(rt ,p,©) available (_ rtp ) and commodities associated with it ( rpc ).
rtps_off An indicati on for process ( p) of the timeslices (  s) for which the process is
(r,t,p,s) turned -off (used in reduction algorithm).
rtpcs_varf The list of valid timeslices ( s) and periods ( t) for the flow variable
(r,t,p,c,s) (VAR_FLO) of process ( p) and commodity ( c); taking in to account the
availability of the activity, capacity and flow ( rtp_vara , rpcs_var and
prc_foff ). The timeslice level of a flow variable equals the process
timeslice level ( prc_tsl ) when the flow is part of the primary commodity
group of the process. Other  wise the timeslice level of a flow variable is set
to the finest level of the commodities in the shadow group (SPG) or the
process level, whichever is finer.
uc_dyndir If side ='RHS', indicator for growth constraints to be generated between
(r,uc_n,side) the periods ti 1 and t;if side ='LHS', the setis ignored.
uc_gmap_c Indicator that a commodity variable ( VAR_COMCON or VAR_COMPRD) for
(r,uc_n,uc_grptype,c) commodity (__c)inaregion (_ r) appears in a user constraint ( uc n).
uc_gmap_p Indicator that a variable ( VAR_ACT, VAR_NCAP or VAR_CAP) associated
(ruc_n,uc_grptyp e,p) |withaprocess ( p) inaregion ( r) appears in a user constraint ( uc_n).
uc_gmap_u Indicator that a variable ( VAR_UCRT) associated with a user constraint
(r,uc_n,ucn) (ucn ) inaregio n(r) appears in another user constraint ( uc n).
uc_map_flo Indicator that the flow variable (VAR_FLO) for region r, process p and
(uc_n,r,p,c) commodity ¢ is involved in user constraint uc n .
uc_map_ire Indicator that an import/export (acco rdingto top_ire ) trade variable
(uc_n,r,p,c) (VAR_IRE) for region r, process p, and commodity c is involved in a user
constraint (_ uc_n ).
v Union of the input sets pastyear and t, corresponding to all the periods

of a model run (=modlyear).
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3 Parameters

While sets dscribe structural information of the energy system or qualitative characteristics
of its entities (e.g. processes or commodities), parameters contain numerical information.
Examples of parameters are the import price of an energy carrier or the invesisterit a
technology. Most parameters are tiseries where a value is provided (or interpolated) for
each year (datayear). The TIMES model generator distinguishes between user input
parameters and internal parameters. The former are provided by thean@dwiblly by way

of a data handl i ng s yFEEtOrrRANSWERTIMES)hwhilelthe lateu ¢ h  a
are internally derived from the user input parameters, in combination with information given
by sets, in order to calculate for example the cost icosits in the objective function. This
Chapter first covers the user input parameters in Se&tibmand then describes the most
important internal parameters as far as they are relevant for the basic understanding of the
equationgSection3.2). Section3.3 presents the parameters used for reporting the results of a
model run.

3.1 User input parameters

This section provides an overview of the user input parameters that are availdb&E$ to
describe the energy system. Before presenting the various parameters in detail in3Se8tion

two preprocessing algorithms applied to the user input data are presented, namely-the inter
/extrapolation and the inheritardaggregation routines. User input parameters that are time
dependent can be provided by the user for those years for which statistical information or
future projections are available, and the iiextrapolation routine described in Sectihi.l

used to adjust the input data to the years required for the model run. Timeslice dependent
parameters do not have to be provided on the timelice level of a process, commodity or
commodity flow. Instead the smalled inheritance/aggregationutine described in Section
3.1.2assigns the input data from the user provided timeslice level to the appropriate timeslice
level as necessary.

3.1.1 Inter- and extrapolation of user input parameters

Time-dependent user input paramstare specified for specific years, thecatleddatayears
(datayear). These datayears do not have to coincide with the modelyearsr{odelyear)
needed for the current run. Reasons for differences between these two sets are for example
that the periodiefinition for the model has been altered after having provided the initial set of
input data leading to different milestoneyeatsof milestoneyr) or that data are only
available for certain years that do not match the modelyears. In order to avadibgrthe

user with the cumbersome adjustment of the input data to the modelyears, an inter
/extrapolation (I/E) routine is embedded in the TIMES model generator. The inter
/extrapolation routine distinguishes between a default-ieté¢rapolation that isutomatically
applied to the input data and an enhanced-csetrolled inter/extrapolation that allows the

user to specify an intéextrapolation rule for each tirseries explicitly. Independent of the
default or usecontrolled I/E options, TIMES iet-/extrapolates (using the standard
algorithm) all cost parameters in the objective function to the individual years of the model as
part of calculating the annual cost detéslse sectio.1.1.3below)

The possibility of ontrolling interpolation on a timseries basis improves the
independence between the years found in the primary database and the data actually used in
the individual runs of a TIMES model. In this way the model is made more flexible with
respect to runnmp scenarios with arbitrary model years and period lengths, while using
basically the very same input database.
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3.1.1.1 Inter/extrapolation options

The TIMES interpolation/extrapolation facility provides both a default I/E method for all
time-series parameters, aogtions for the user to control the interpolation and extrapolation
of each individual time serieF gble 6). The option 0 does not change the default behavior.
The specific options that correspond to the default methods are Stditdard default) and 10
(alternative default method for bounds and RHS parameters).

Non-default interpolation/extrapolation can be requested for any parameter by providing
an additional instance of the parameter with an indicator in the YEAR index aatlie
corresponding to one of the integerlued Option Codes (sdeable 6 and example below).

This control specification activates the interpolation/extrapolation rule for the time series, and
is distinguished from actual tirreeries data by providing a special control lab@) (h the

YEAR index. The particular interpolation rule to apply is a function of the Option Code
assigned to the control record for the parameter. Note that fdmkay interpolation the
Option Code idicates the year from which the interpolation is switched from standard-to log
linear mode. TIMES user shell(s) will provide mechanisms for imbedding the control label
and setting the Option Code through easily understandable selections fromfraendir
drop-down list, making the specification simple and transparent to the user.

The enhanced interpolation/extrapolation facility provides the user with the following
options to control the interpolation and extrapolation of each individual time series:

A Interpolation and extrapolation of data in the default way as predefined in TIMES.
This option does natquire any explicit action from the user.

A No interpolation or extrapolation of data (only valid for rawst parameters).

A Interpolation between data points but no extrapolation (useful for many bounds). See
option codes 1 and 11 in Table 2 below.

A Interpolation between data points entered, and filingall points outside the
interpolation window with the EPS (zero) value. This can useful for e.g. the RHS of
equalitytype user constraints, or bounds on future investment in a particular instance
of atechnology. See option codes 2 and 12 in Table 2 below.

Table 6: Option codes for the control of time series data interpolation

Option . .
Action Applies to
code PP
0 (or Interpolation and extrapolation of data in the default way as Al
none) predefined in TIMES (see below)
<0 No interpolation  or extrapolation of data (only valid for non -cost Al
parameters).
1 Interpolation between data points but no extrapolation. All
2 Interpolation between data points entered, and filling -in all points Al
outside the inter  polation window with the EPS value.
Forced interpolation and both forward and backward extrapolation
3 : : All
throughout the time horizon.
4 Interpolation and backward extrapolation All
5 Interpolation and forward extrapolation All
10 Migrated interpolation/extrapolation within periods Bounds, RHS
11 Interpolation migrated at end - points, no extrapolation Bounds, RHS
12 Interpolation migrated at ends, extrapolation with EPS Bounds, RHS
14 Interpolation migrated at end, backward extrapolation Bounds, RHS
15 Interpolation migrated at s tart, forward extrapolation Bounds, RHS
YEAR Log-linear interpolation beyond the specified YEAR, and both forward Al
( O 1 0 g and backward extrapolation outside the interpolation window.
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A Forced interpolation and extrapolation throughout the time horizon. Can be useful for
parameters that are by default not interpolated. See option codes 3, 4, and 5 as well as
14 and 15 in Table Below.

A Log-linear interpolation beyond a specified data year, and both forward and backward
extrapolation outside the interpolation window. Hogear interpolation is guided by
relative coefficients of annual change instead of absolute data values.

Migration means that data points are interpolated and extrapolated within each period but
not across periods. This method thus migrates any data point specified for other than
milestoneyr year to the corresponding milestoneyr year within the period, so wWilthe
effective in that period.

Log-linear interpolation means that the values in the data series are interpreted as
coefficients of annual change beyond a given YEAR. The YEAR can be any year, including
modelyears. The user only has to take caretligatiata values in the data series correspond to
the interpretation given to them when using thelingar option. For simplicity, however, the
first data point is always interpreted as an absolute value, becaukeekrginterpolation
requires at leagine absolute data point to start with.

3.1.1.2 Default inter/extrapolation

The standard default method of intextrapolation corresponds to the option 3, which
interpolates linearly between data points, while it extrapolates the first/last data point
constanty backward/forward. This method, full interpolation and extrapolation, is by default
applied to most TIMES time series parameters. However, the parameters lisabieind are

by defaultNOT inter/extrapolated in this way, but leaa different default method.

3.1.1.3 Interpolation of cost parameters

As a general rule, all cost parameters in TIMES are densely interpolated and extrapolated.
This means that the parameters will have a value for every single year within the range of
years thg apply, and the changes in costs over years will thus be accurately taken into
account in the objective function. The user can use the interpolation opt®far Even cost
parameters. Whenever an option is specified for a cost parameter, it witlsbep@arsely
interpolated/extrapolated according to the user option over the union of modelyear and
datayear, and any remaining empty data points are filled with the EPS value. The EPS values
will ensure that despite the subsequent dense interpolatiogffded of user option will be
preserved to the extent possible. However, one should note that due to dense interpolation, the
effects of the user options will inevitably be smoothed.

3.1.1.4 Examples of using I/E options

Example 1:

Assume that we have three notrdata points in & LO_SHARdata series:

FLO_SHAR('REG','1995''PRC1''COAL','IN_PRC1'ANNUAL','UP") = 0.25;
FLO_SHAR('REG','2010','PRC1''COAL','IN_PRC1'ANNUAL','UP") = 0.12;
FLO_SHAR('REG','2020','PRC1','/COAL','IN_PRC1'ANNUAL','UP’) = 0.05;

FLO_SHAR is by default NOT interpolated or extrapolated in TIMES. To force
interpolation/extrapolation of the FLO_SHAR parameter the following control option for
this data series should be added:

FLO_SHAR('REG''0''/PRC1,'COAL'"'IN_PRC1''ANNUAL''UP") = 3;
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Table 7: Parameters not being fully inter/extrapolated by default

Parameter Justification Dell;aEUIt

ACT_BND

CAP_BND

NCAP_BND

NCAP_DISC

FLO_FR

FLO_SHAR

STGIN_BND

STGOUT_BND 10

COM_BNDNET Bound may be intended at specific periods only. (migration)

COM_BNDPRD

COM_CUMNET

COM_CUMPRD

REG_BNDCST

RCAP_BND

IRE_BND

IRE_XBND

PRC_MARK Constraint may be intended at specific periods only 11

PRC RESID Residual capacity usually intended to be only inte rpolated 1*

UC_RHST

UC_RHSRT User constraint may be intended for specific periods only 10

UC_RHSRTS (migration)

NCAP_AFM

Interpolation meaningless for these parameters (parameter

NCAP_FOMM 10

value is a discrete number indicating which MULTI curve

NCAP_FSUBM (migration)

NCAP FTAXM should be use d).

COM_ELASTX

FLO_FUNCX

Interpolation meaningless for these parameters (parameter

NCAP_AFX 10

value is a discrete number indicating which SHAPE curve

NCAP_FOMX (migration)

NCAP FSUBX should be used).

NCAP_FTAXX

NCAP_PASTI Parameter describes past investment for a single vintage year. none

NCAP_PASTY Parameter describes number of years over which to distribute

. none
past investments.

CM_MAXC Bound may be intended at specific years onl y none

PEAKDA_BL Blending parameters at the moment not interpolated none

* If only a single PRC_RESID value is specified, assumed to decay linearly over NCAP_TLIFE years

Example 2:

Assume that we define the following Kigear I/E option for &LO_SHARdata series:
FLO_SHAR(REG','0',PRC1',/COAL','IN_PRC1''ANNUAL','UP") = 2005;

This parameter specifies a digear control option with the value for the threshold YEAR

of log-linear interpolation taken from 2005. The option specifies that all dataspginto

the year 2005 should be interpreted normally (as absolute data values), but all values
beyond that year should be interpreted as coefficients of annual change. By using this
interpretation, TIMES will then apply full intpolation and extrapolatioto the whole data
series. It is the responsibility of the user to ensure that the first data point and all data
points up to (and including) the year 2005 represent absolute values of the parameter, and
that all subsequent data points represent cogaftief annual change. Using the data of

the example above, the first data point beyond 2005 is found for the year 2010, and it has
the value of 0.12. The interretation thus requires that the maximum flow share of COAL

in the commodity group IN_PRC1 istaally meant to increase by as much as 12% per
annum between the years 1995 and 2010, and by 5% per annum between 2010 and 2020.
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3.1.1.5 Applicability

All the enhanced I/E options described above are available for all TIMESs&rmes
parameters, excluding PRC_RESID and COM_BPRICE. PRC_RESID is always interpolated,
as if option 1 wereised, but is also extrapolated forwards over TLIFE when either I/E option
5 or 15 is specified. COM_BPRICE is not interpolated at all, as it is obtained from the
Baseline solution. Moreover, the I/E options are not applicable to the inelged
parametes related to the SHAPE and MULTI tables, which are listethinle8.

Table 8: Parameters which cannot be interpolated

Parameter Comment

NCAP_AFM

NCAP_FOMM Parameter value is a discrete numbers indicating which
NCAP_FSUBM MULTI curve should be used, and not a time series datum.
NCAP_FTAXM

COM_ELASTX

FLO_FUNCX

NCAP_AFX Parameter value is a discrete number indicating which
NCAP_FOMX SHAPE curve should be used, and not a time series datum.
NCAP_FSUBX

NCAP_FTAXX

Nonetheless, a few options are supported also for the extrapolation of the MULTI and
SHAPE index parametersas shown inrable 9. The extrapolation can be done either only
inside the data points provided by the user, or both inside and outside those data points. When
using the inside data points option, the index specified fodatgyear is extrapolated to all
modelyears \() between tht datayear and the followingdatayear for which the SHAPE

index is specifiedThe extrapolation options are available for all of the SHAPE and MULTI
parameters listed ihable8.

Table 9: Option codes forthe extrapolation of SHAPE/MULTI indexes.

Option code Action
<=0 (or none) No extrapolation (default)
1 Extrapolation between data points only
2 Extrapolation between and outside data points
11 Extrapolation between data points only, migration at ends
Example:

The user has specified the following two SHAPE indexes and a control option for
extrapolation:

NCAP_AFX('REG', '0', 'PRC1") = 1,
NCAP_AFX('REG', '1995', 'PRC1") = 12;
NCAP_AFX(REG', '2010', 'PRC1’) = 13;

In this case, all modelyears)(between 1995 and 2010 will get the shape index 12. No
extrapolation is done for modelyeavs beyond 2010 or before 1995.
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3.1.2 Inheritance and aggregation of timesliced input parameters

As mentioned before, processes and commodities can be modelled in TIM&Beoent
timeslice levels. Some of the input parametéet describe a process or a commodity are
timeslice specific, i.e. they have to be provided by the user for specific timeslices, e.g. the
availability factorNCAP_AF of a power plant operating on'BAYNITE' timeslice level.

During the process of developing a model, the timeslice resolution of some processes or even
the entire model may be refined. One could imagine for example the situation that a user starts
developing a model on aANNUAL ' timesice level and refines the model later by refining

the timeslice definition of the processes and commodities. In order to avoid the need for all
the timeslice related parameters to beeméered again for the finer timeslices, TIMES
supports inheritance aradjgregation of parameter values along the timeslice tree.

Inheritance in this context means that input data being specified on a coarser timeslice
level (higher up the tree) are inherited to a finer timeslice level (lower down the tree), whereas
aggregabn means that timeslice specific data are aggregated from a finer timeslice level
(lower down the tree) to a coarser one (further up the tree). The inheritance feature may also
be useful in some cases where the value of a parameter should be the sali¢imestices,
since in this case it is sufficient to provide the parameter value foANMUAL ' timeslice
which is then inherited to the required finer target timesfites.

The TIMES preprocessor supports different inheritance agdregation rules, which
depend on the type of attribute. The main characteristics of the different inheritance and

Table 10: Inheritance and aggregation rules

Inheritanc e rules Description
Direct inheritance A value on a coarser timeslice is inherited by target timeslices
below (in the timeslice tree), without changing the numeric
values.
Weighted inheritance A value on a coarser timeslice is inherited by target timesli ces

below (in the timeslice tree) by weighting the input value with

the ratio of the duration of the target timeslices to the duration

of the coarser timeslice. Example: Parameter COM_FR.

No inheritance Absolute bound parameters specified on a coarser ti meslice
level than the target timeslice level are not inherited. Instead a
constraint summing over related variables on the finer

timeslices is generated, e.g. an annual ACT_BND parameter
specified for a process with a 'DAYNITE' process timeslice level
(pr c_tsl) leads to a constraint (EQ_ACTBND) with the

summation over the activity variables on the 'DAYNITE' level

as LHS term and with the bound as RHS term.

Aggregation rules Description

Standard aggregation The values specified on finer timeslices are agg regated to the
target timeslice being a parent node in the timeslice tree by
summing over the values on the finer timeslices.

Weighted aggregation The values specified for finer timeslices are aggregated to the
target timeslice being a parent node in the timeslice tree by
summing over the weighted values on the finer timeslices. The
ratios of the duration of the finer timeslices to the duration of

the target timeslice serve as weighting factors.

21 The termtarget timeslice levebr target timeslices used in the following as synonym
for the timesice level or timeslices which are required by the model generators depending on
the process or commodity timeslice resolutipre(tsl andcom_tslrespectively).
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aggregation rules are summarisedrable 10. The specific rules applied to each individual
parameteare listed in the detailed referentable 13 further below.

The different aggregation rules are illustrated by exampl&sgure9. It should be noted
that if input data are specified on two &stice levels different from the target level, then
especially the weighted inheritance/aggregation method may lead to incorrect results.
Therefore, at least for the parameters where weighted methods are applied, it is recommended
to provide input data ownlfor timeslices on one timeslice level. However, for parameters that
are directly inherited, specifying values at multiple levels may sometimes be a convenient
way to reduce the amount of values to be specified.

Bound parameters are in most cases neglieed by inheritance, only by aggregation.
Exceptions to this rule are the relative type bound parameters NCAP_AF and FLO_SHAR,
which are inherited by the target timeslicE€se should also notice that, due to levelization,
fixed bounds that are eitharmherited or aggregated to the target timeslice level will always
override any upper and lower bounds simultaneously specified.

Weighted Inheritance

ANNUAL
(G_YRFR=1.0)

Given value = 1.0

Wi SuU
(G_YRFR=0.6) (G_YRFR=0.4)
Target Given G|ven_
value = none

value = none
level

Inherited
value = 0.6

Inherited
value =0.4

SUN
(G_YRFR=0.25)

WID
(G_YRFR=0.25)

WIN
(G_YRFR=0.35)

SuD
(G_YRFR=0.15)
Weighted Aggregation

ANNUAL
(G_YRFR=1.0)

Wi SuU
(G_YRFR=0.6) (G_YRFR=0.4)
Given Given
Target value = none value = none
level
Aggregated Aggregated
value = 1.58 value = 3.63

L

WID WIN SUD SUN
(G_YRFR=0.25) (G_YRFR=0.35) (G_YRFR=0.15) (G_YRFR=0.25)
Given Given Given Given
value =1.0 value = 2.0 value = 3.0 value =4.0

Direct Inheritance

ANNUAL
(G_YRFR=1.0)

Given value = 1.0

Wi SuU
(G_YRFR=0.6) (G_YRFR=0.4)
Given Given
l-I::IrgEt value = none value = none

Inherited
value =1.0

Inherited
value =1.0

SUD
(G_YRFR=0.15)

SUN
(G_YRFR=0.25)

WID
(G_YRFR=0.25)

WIN
(G_YRFR=0.35)
Standard Aggregation

ANNUAL
(G_YRFR=1.0)

Wi SuU
(G_YRFR=0.6) (G_YRFR=0.4)
Target Given Given

value = none

value = none
level
Aggregated

value = 3.0

L ]

Aggregated
value =7.0

WID WIN SUD SUN
(G_YRFR=0.25) (G_YRFR=0.35) (G_YRFR=0.15) (G_YRFR=0.25)
Given Given Given Given
value =1.0 value = 2.0 value = 3.0 value =4.0

Figure 9: Inheritance and aggregation rules for timeslice specific parameters in TIMES

22 Note that as an exception, for NCAP_AF direct inheritance and aggregation will be
disabled ifany values are specified at the process timeslice level. However, this may be
circumvented by using NCAP_AFS for defining the values at process timeslices.
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3.1.3 Overview of user input parameters
A list of all user input parameters is givenTiable13. In order to facilitate the recognition by

the user of to which part of the model a parameter relates the following naming conventions
apply to the prekes of the parametersdblell).

Table 11 Naming conventions for user input parameters

Prefix Related model component
G_ Global characteristic

ACT _ Activity of a process

CAP_ Capacity of a process

COM_ Commodity

FLO_ Process flow

IRE_ Inter -regional exchange
NCAP_ New capacity of a process
PRC_ Process

RCAP_ Retiring capacity of a process
REG_/R_ Region - specific characteristic
STG_ Storage process

ucC_ User constraint

For brevity, the defat interpolation/extrapolation method for each parameter is given by
using the abbreviations listed Trable12.

Table 12: Abbreviations for default I/E method in Table 13.

Abbrev iation

Description

STD Standard full inter  -/extrapolation (option 3)
MIG Migration (option 10)

<number> Option code for any other default method
none No default inter -/extrapolation

N/A Inter -/extrapolation not applicable
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Table 13: User input parameters in TIMES

Units / Ranges &

Instances 26

Description

Affected equations

Input parameter Related sets / Default values & (Required / Omit / Special or variables %’
(Indexes) 2 parameters 2 | Defaultinter - conditions)

/extrapolation 25
ACT_BND Units of activity Since inter -/extrapolation Bound on the overall Activity limit constraint
(r,datayear,p,s,bd) [0, D) ; default is MIG, the bound activity a process. (EQ(l)_ACTBND) when

default value: none
Defaulti/fe 28: MIG

must be explicitly specified
for each period, unless an
inter -/extrapolation option
is set.

If the bound is specified for
a timeslice s above the
process tim eslice resolution
(prc_tsl), the bound is
applied to the sum of the
activity variables according
to the timeslice tree.
Standard aggregation.

s is above prc_tsl.
Direct bound on activity
variable (VAR_ACT)
when at the prc_tsl
level.

ACT_COST
(r,datayear,p,cur)

OBJ_ACOST,
CST_ACTC,
CST_PVP

Monetary unit per
unit of activity
[open];

default value: none
Default i/fe: STD

Variable costs
associated with the
activity ofap rocess.

Applied to the activity
variable (VAR_ACT) as
a component of the
objective function
(EQ_OBJVAR).

May appear in user
constraints (EQ_UC*) if

23 The first row contains the parameter name, the second row contains in brackets the index\dmdiitio the parameter is defined.

24This column gives references to related input parameters (in upper case) or sets (in lower case) being used in ththisopéeatafter as

well as internal parameters/sets or result parameters being derivedhdramput parameter.

25 This column lists the unit of the parameter, the possible range of its numeric value [in square brackets] andettteaipdéation rules that

apply.

26 An indication of circumstances for which the parameter is to be provided tiednas well as description of inheritance/aggregation rules

applied to parameters having the timeslggndex.
27 Equations or variables that are directly affected by the parameter.
28 Abbreviation i/e = inte¥extrapolation

44




Input parameter
(Indexes) 23

Related sets /
parameters ?*

Units / Ranges &
Default values &
Default inter -
/extrapolation

25

Instances %6
(Required / Omit / Special
conditions)

Description

Affected equations
or variables %7

specified in UC_NAME.

ACT_CSTPL ACT_MINLD Monetary unit per Used as an alternative or Partial load cost Generates an additional
(r,datayear,p,cur) ACT_LOSPL unit of activity supplement to using penalty, defined as an term in EQ_OBJVAR for
[0, D) ; ACT_LOSPL(r,y,p,'FX") additional cost per the increase in
default value: none When used as an activity at the operating cost.
Default i/fe: STD alternative, the fuel minimum operating
increase at the minimum level, corresponding
operating level that should to the efficiency loss
be included in the cost at that load level.
penalty must be embedded Added as an extra
int he ACT_CSTPL term to variable costs
coefficient. in the objective and
reportin_g.
ACT_CSTUP ACT_MINLD Monetary unit per The tslvl level refers to the Cost of process start - | Activates generation of
(r,datayear,p,tslvl,cur) ACT_UPS unit of capacity timeslice cycle for which up per unit of st arted - | EQL_ACTUPS eqs.
[0, D) ; the start -up cost is defined. up capacity. Generates a n additional
default value: none Only applicable when the Added as an extra termin the variable
Default i/fe: STD min. stable operating level term to variable costs operating costs included
has been defined with in the objective and in EQ_OBJVAR.
ACT_MINLD . reporting.
ACT_CUM FLO_CUM Activity unit The years y1 and y2 may Bound on the Generates an instance
(r,p,yl,y2,bd) [0, B); be any years of the set cumulative amount of of the cumulative

default value: none
Default i/fe: N/A

allyear; where y1 may also
be 'BOH' for first year of
first period and y2 may be
'EOH' for last year of last
period.

annual proce ss
activity between the
years yl and y2,
within a region.

constraint
(EQ_CUMFLO)

ACT_EFF
(r,datayear,p,cg,s)

Activity unit per flow
unit

[0, D);
default value: none
Default i/fe: STD

The group cg may be a
single com modity, group,
or commodity type on the
shadow side, or a single
commodity in the PCG;
cg="ACT refers to the
default shadow group. If no
group efficiency is defined,

Activity efficiency for
process, i.e. amount
of activity per unit of
commodity flows in
the group cg.

For more information
on usage, see Section
6.3 for detai s about

Generates instances of
the activity efficiency
constraint
(EQE_ACTEFF)
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Units / Ranges & Instances 26 Description Affected equations
Input parameter Related sets / Default values & (Required / Omit / Special or variables %’
(Indexes) & parameters 2* | Defaultinter - conditions)
/extrapolation 25
shadow group is assumed EQE_ACTEFF.
to be the commodity type.
Individual commodity
efficiencies are m ultiplied
with the shadow group
efficiency (default=1).
Direct inheritance.
Weighted aggregation.
ACT_FLO Flow unit per activity Inherited/aggregated to Flow of commodities Establishes a transfor -
(r,datayear,p,cg,s) unit the timeslice levels of the in cg in proportion to mation relationship
[0, D) ; process activity. activity, in timeslice (EQ_PTRANS) between
default value: none Direct inheritance. S. the flows in the PCG
Default i/fe: STD Weighted aggregation. and one or more input
(or output)
commaodities.
ACT_LOSPL ACT_MINLD Decimal fraction Endogenous partial load Partial load efficiency Generates instances of
(r,datayear,p,bd) ACT_CSTPL [0, D) ; modeling can only be used parameters. the partial load
default values: for processes that have 1) (bd="FX"): efficiency constraint
FX: none their efficiency modelled by Proportional increase EQ_ACTPL.
LO: default value is the ACT_EFF parameter. in specific fuel con -
ACT_MINLD or0.1 For other processes, the sumption at minimum
if that is not defined ACT_CSTPL parameter can operating level
UP: 0.6 be used for modeling a cost 2) (bd="LO"):
Default i/fe: STD penalty at partial loads. Minimum operating
level of partial load
operation
3) (bd="UP"):
Fraction of feasible
load range above the
minimum operating
level, below which the
efficiency losses are
assumed to occur
ACT_MINLD ACT_UPS Decimal fraction Can only be used for Minimum stable Generates instances of
(r,data year,p ) ACT_CSTUP [0, P); standard processes (not operating level of a equations
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Input parameter
(Indexes) 23

Related sets /
parameters ?*

Units / Ranges &
Default values &
Default inter -
/extrapolation 2

Instances %6
(Required / Omit / Special
conditions)

Description

Affected equations
or variables %7

ACT_CSTPL default value: none IRE or STG). Must be dispatchable process. EQ_CAPLOAD and
ACT_LOSPL Default i/fe: STD defined if ACT_CSTUP or EQE_ACTUPS.
ACT TIME is specified.
ACT_TIME ACT_MINLD Hours Requires that start  -up costs | 1) Minimum online Generates instances of
(r,datayear,p,lim ) ACT_CSTUP [ 0, D) ; have been modeled for the (UP) / offline  (LO) EQL_ACTUPC
ACT_UPS default value: none process, using both hours of a proce ss
Default i/fe: STD ACT_MINLD and with start -up costs
ACT_CSTUP at the modeled (lim=LO/UP)
DAYNITE/WEEKLY level. 2) Maximum number
The lim type ' FX' is not of start -up cycles
supported and is ignored. within the process
timeslice cycles
(lim=N ).
ACT_UPS ACT_MINLD Decimal fraction Inherited/aggregated to Maximum ramp -rate Generates instances of
(r,datayear,p,s,bd ) ACT_CSTUP [0, D) ; the timeslice levels of the (down/up) of process equation EQ_ACTRAMP.
ACT_CSTPL default value: none process activity. activity as a fraction
ACT_LOSPL Default i/fe: STD Direct inheritance. of no minal on -line
Weighted aggregation. capacity per hour.
The ramp rates can only be
specified with bd=  LO/UP.
B M, D, E, Beginning year of
) COEF_CPT, period t.
rtp_vintyr
CAP_BND PAR_CAPLO, Capacity unit Since inter -/extrapolation is Bound on investment Imposes an indirect
(r,datayear,p,bd) PAR_CAPUP [0, D) ; default is MIG, a bound in new capacity. limit on the capacity

default value: none
Default ife: MIG

must be specified for each

period desired, if no explicit
inter -/extrapolation option

is given.

transfer equation
(EQ_CPT) by means of
a direct bound on the
capacity variable

(VAR_CAP).

CM_CONST Constant specific unit See Appendix on Climate Various climate EQ_CLITOT
(item) [open]; Module for details. module constants, EQ_CLICONC
default value: See e.g. phi and sigma EQ_CLITEMP
Appendix values between EQ_CLIBEOH
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Units / Ranges & Instances 26 Description Affected equations
Input parameter Related sets / Default values & (Required / Omit / Special or variables %’
(Indexes) & parameters 2* | Defaultinter - conditions)
/extrapolation 25
Default i/fe: N/A reservoirs.
CM_EXOFORC Forcing unit Default values are Radiative forcin g from |EQ_CLITOT
(year) [open]; provided. See Appendix on exogenous sources
default value: none Climate Module for details.
Default i/fe: STD
CM_GHGMAP Units of climate The global emissions in the Mapping and EQ_CLITOT
(r,c,cm_var) module emissions per climate module (cm_var) conversion of regional
units of regional are 'CO2 -GtC' (GtC), 'CH4 - | GHG emissions to
emissions Mt' (Mt) and 'N20 -Mt' (Mt). | global emissions in
[0, B); See Appendix on Climate the cl imate module
default value: none Module for details.
CM_HISTORY Climate variable unit Default values are provided Calibration values for EQ_CLITOT
(year,item) [0, B); until 2010. See Appendix CO2 and forcing EQ_CLICONC
default value: none on Climate Module for EQ_CLITEMP
Default i/fe: STD details. EQ_CLIBEOH
CM_LINFOR Forcing unit per With lim types LO/UP, CO2 Parameters of EQ_CLITOT
(datayear,item,lim) concentration unit forcing function can be linearized forcing
[open]; automatically linearized functions
default value: none between the concent ration
Default i/fe: STD levels given. For CH4 and
N20, lim types FX/N must
be used (N=con cent ration
multiplier, FX=constant
term). See Appendix on
Climate Module for details.
CM_MAXC Climate variable unit Since no default inter - Maximum level of EQ_CLIMAX

(datayear,item)

[0, D);
default value: none
Default i/fe: none

/extrapolation, bounds
must be explicitly specified
for each desired year,
unless an explicit inter -
/extrapolation option is set.
See Appendix on Climate
Module for details.

climate variable
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Input parameter
(Indexes) 23

Related sets /
parameters ?*

Units / Ranges &
Default values &
Default inter -
/extrapolation

25

Instances %6
(Required / Omit / Special
conditions)

Description

Affected equations
or variables %7

COM_AGG
(r,dayayear,c1,c2)

Commaodity units
[open];

default value: none
Default ife: STD

When commaodity type is
LO, VAR_COMNET of cl is
aggregated to c2;

When commodity type is
FX/N, VAR_COMPRD of c1

Aggregation of
commodity NET/PRD
production to the
production side of the
balance of another

Adds a term in
EQ(l)_COMBAL and
EQ(l)_COMPRD.

is aggregated to c2. commodity.
COM_BNDNET rhs_combal, Commaodity unit Since inter -/extrapolation Limit on the net The balance constraint
(r,datayear,c,s,bd) rcs_combal [open]; default is MIG, a bound amount of a issettoan equality
default value: none must be specified for each commodity within a (EQE_COMBAL).
Default i/e: MIG period desired, if no explicit region for a particular Either the finer
inter -/extrapolation option timeslice. timeslice variables are
is given. summed
If the bound is specified for (EQ(l)_BNDNET) or the
a timeslice s above the bound applied direct to
commaodity timeslice the commodity net
resolution (com_tsl), the variable(VAR_COMNET)
bound is applied to the sum when at the commodity
of the net commodity level (com_tsl).
variables (VAR_COMNET)
below it, according to the
timeslice tree.
Standard aggregation.
COM_BNDPRD rhs_comprd, Commo dity unit Since inter -/extrapolation Limit on the amount The balance constraint
(r,datayear,c,s,bd) rcs_comprd [0, B); default is MIG, a bound of a commodity is set to an equality

default value: none
Default ife: MIG

must be specified for each
period desired, if no explicit
inter -/extrapolation option
is given.

If the bound is specified for
a timeslice s being above
the comm odity timeslice
resolution (com_tsl), the
bound is applied to the sum
of the commodity
production variables

produced within a
region for a part icular
timeslice.

(EQE_COMBAL).

Finer timeslice variables
summed
(EQ()_BNDPRD).

or the bound is applied
direct to the commodity
production variable
(VAR_COMPRD) when
at the commaodity level
(com_tsl).
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(VAR_COMPRD) below it,
according to the  timeslice
tree.

Standard aggregation.

COM_BPRICE COM_ELAST, Monetary unit per The control parameter Base price of a Controls the inclusion of
(r,t,c,s,cur) COM_STEP, commodity unit $SET Tl MESED 6 Ydemand commodity the elastic demand
COM_VOC [open]; activate elastic demands for the elastic variable (VAR_ELAST)
default value: none must be set. demand formulation. in the commodity
Default i/fe: none balance
equation(EQ(l)_COMBA
L)
Applied to the elastic
demand variable
(VAR_ELAST) in the
objective function
(EQ_OBJELS).
COM_CSTNET OBJ_COMNT, Monetary unit per Direct inheritance. Cost on the net Forces the net
(r,datayear,c,s,cur) CST_COMC, commodity unit Weighted aggregation. amount of a commodity variable
CST_PVC, [open]; commodity within a (VAR_COMNET) to be
rhs_combal, default value: none region for a particular included in the equality
rcs_combal Default ife: STD timeslice . balance constraint
(EQE_COMBAL).
Applied to said variable
in the cost component
of the objective
function (EQ_OBJVAR).
COM_CSTPRD OBJ_COMPD, Monetary unit per Direct inheritance. Cost on the Forces the commodity
(r,datayear,c,s,cur) CST_COMC, commodity unit Weighted aggregation. production of a production variable
CST_PVC, [open]; commodity, within a (VAR_COMPRD) to be
rhs_comprd, default value: none region for a particular included in the equality
rcs_comprd Default i/fe: STD timeslice. balance constraint

(EQE_COMBAL).
Applied to said variable
in the cost component
of the objective
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function (EQ_OBJVAR).

COM_CUMNET bohyear, echyear, Commodity unit The years y1 and y2 may Bound on the Forces the net
(r,yl,y2,bd) rhs_combal, [0, D) ; be any years of the set cumul ative net commodity variable
rcs_combal, default value: none allyear ; where y1 may also amount of a (VAR_COMNET) to be
rtc_cum net Default i/e: not be 6BOHO6 f or f i|commodity between included in the equality
possible first period and y2 may be the years y1 and y2, balance constraint
OEOH® for | ast |withinaregionfora (EQE_COMBAL).
period. particular timeslice. Generates the
cumulative commaodity
const raint
(EQ(l)_CUMNET).
COM_CUMPRD bohyear, eohyear, Commodity unit The years y1 and y2 may Bound on the Forces the net
(r,yl,y2,bd) rhs_comprd, [0,B) ; be any years of the set cumulative production commodity variable
rcs_comprd, default value: none allyear ; where y1 may also of a commodity (VAR_COMPRD) to be
rtc_cumprd Default i/e: not be 6BOHG6 f or f i|betweentheyearsyl included in the balance
possible first period and y2 may be and y2 within a equation
O6EOH® for | ast |regionfora particular (EQE_COMBAL).
period. timeslice. The cumulative
constraint is generated
(EQ(l)_CUMPRD).
COM_ELAST COM_BPRICE, Dimensionless The control parameter Elasticity of demand Controls the inclusion of
(r,datay ear,c,s,bd) COM_STEP, [open]; $SET TI MESED 6 Yindicating how much the elastic demand
COM_VOC default value: none activate elastic demands the demand rises/falls variable (VAR_ELAST)

Default i/fe: STD

must be set.

An elasticity is required for
each direction the demand
is permittedto  move.
The index bd
corresponds to the
direction of decreasing the
demand, whil e
denotes the direction for
demand increase.

A different value may be
provided for each direction,

b

in response to a unit
change in the
marginal cost of
meeting a demand
that is elastic.

in the commodity
balance
equation(EQ(l)_COMBA
L)

Applied to the elasti ¢
demand variable
(VAR_ELAST) in the
objective function costs
(EQ_OBJELS).
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thus curves may be
asymmetric.

COM_ELASTX COM_ELAST Integer scalar Provided when shaping of Shape index for the Affects the demand
(r,datayear,c,bd) [1,999]; elasticity based upon elasticity of demand elasticities applied in
default value: none demand level is desire  d. EQ_OBJELS
Default extrapolation: Note: Shape index 1 is
MIG reserved for constant 1.
COM_FR COM_PROJ, Decimal fraction Only applicable to demand Fraction of the annual Applied to the annual
(r,datayear,c,s) com_ts, com_tsl, [0,1]; commodities (com_type = demand (COM_PROJ) demand (COM_PROJ)
RTCS_TSFR default value: 6DEMO) . occurring in timeslice as the RHS of the
timeslic e duration Affects timeslice resolution s; describes the balance equation
(G_YRFR) at which a commaodity is shape of the load (EQ()_COMBAL).
Default i/fe: STD tracked (RTCS_TSFR), and curve. Enters the peaking
thereby may affect when a equation (EQ_PEAK) , if
process cannot operate a peaking commodity.
(rtps_off). Applied when setting
Weighted inheritance. the upper bound of an
Weighted aggregation. elastic demand step
(VAR_ELAST).
COM_IE Decimal fraction Direct inheritance. Infrastructure or Overall efficiency
(r,datayear,c,s) (0, B); Weighted aggregation. transmiss ion applied to the total
default value: 1 efficiency of a production of a
Default i/fe: STD commodity. commodity in the
commodity balance
equation
(EQ(l)_COMBAL).
COM_PKFLX com_peak, Scalar Direct inheritance. Difference between Applied to the total
(r,datayear,c,s) com_pkts, [open]; Weighted aggregation. the average demand consumption of a
COM_PKRSYV, default value: none and the peak demand commodity to raise the
FLO_PKCOI Defaulti/e: STD in timeslice s, capacity needed to
expressed as fraction satisfy the peaking
of the average constraint (EQ_PEAK).
demand.
COM_PKRSV com_peak, Scalar Peak reserve margin Applied to the total
(r,datayear,c) com_pkts, [0, P); as fraction of peak consumption of a
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COM_PKFLX, default value: none demand, e.qg. if commaodity to raise the
FLO_PKCOI Default i/fe: STD COM_PKRSV =0.2, capacity needed to
the total installed satisfy the peaking
cap acity must exceed constraint (EQ_PEAK).
the peak load by
20%.
COM_PROJ COM_FR Commaodity unit Only applicable to demand Projected annual Serves as the RHS
(r,datayear,c) [0, D) ; commodities (com_type = demand for a (after COM_FR applied)
default value: none 6DEMO) . commodity. of the commodity
Default i/fe: STD balance constraint
(EQ(l)_COMBAL).
Enters the peaking
equation (EQ_PEAK), if
a peaking commodity.
App lied when setting
the upper bound of an
elastic demand step
(VAR_ELAST).
COM_STEP COM_BPRICE, Integer number The control parameter Number of steps to Controls the instance of
(r,c,bd) COM_ELAST, [1,D) ; $SET TI MESED 6 Yuse forthe the elastic demand
COM_VOC, default value: none activate elastic demands approximation of variable (VAR_ELAST)
rcj must be set. The number of change of in:
steps is required for each producer/consumer the commodity balance

direction the demand is
permitted to move.

The index bd = LO
corresponds to the
direction of decreasing the
demand, while bd = UP
denotes the direction for
demand increase.

A different value may be
provided for each direction,
thus curves may be
asymmetric.

surplus when using
the elastic demand
formulation.

equation
(EQ(l)_COMBAL);
setting of the step limit
for the elastic demand
variable (VAR_ELAST);
enters the objective
function costs
(EQ_OBJELS).
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COM_SUBNET OBJ_COMNT, Monetary unit per Direct inheritance. Subsidy on the net Forces the net
(r,datayear,c,s,cur) CST_COMX, commodity unit Weighted aggregation. amount of a commodity variable
CST_PVC, [0, D) ; commodity within  a (VAR_COMNET) to be
rhs_combal, default value: none region for a particular included in the equality
rcs_combal Default i/fe: STD timeslice. balance constraint
(EQE_COMBAL).
Applied ( -) to said
variable in the cost
component of the
objective function
(EQ_OBJVAR).
COM_SUBPRD OBJ_COMPD, Monetary unit per Direct inheritance. Subsidy on the Forces the commodity
(r,dat ayear,c,s,cur) CST_COMX, commodity unit Weighted aggregation. production of a production variable
CST_PVC, [0,D) ; commodity within a (VAR_COMPRD) to be
rhs_comprd, default value: none region for a particular included in the equality
rcs_comprd Default i/fe: STD timeslice. balance constraint
(EQE_COMBAL).
Applied ( -) to said
variable in the cost
component of the
objective function
(EQ_OBJVAR).
COM_TAXNET OBJ_COMNT, Monetary unit per Direct inheritance. Tax on the net Forces the net
(r,datayear,c,s,cur) CST_COMX, commodity unit Weighted aggregation. amount of a commodity variable
CST_PVC, [0, D) ; commodity within a (VAR_COMNET) to be
rhs_combal, default value: none region for a particular included in the equality
rcs_combal Default i/fe: STD timeslice. balance constraint
(EQE_COMBAL).
Applied to said variable
in the cost component
of the objective
function (EQ_OBJVAR).
COM_TAXPRD OBJ_COMPD, Monetary unit per Direct inheritance. Tax on the production Forces the commodity
(r,datayear,c,s,cur) CST_COMX, commodity unit Weighted aggregation. of a commodity within production variable
CST_PVC, [0, P); a region for a (VAR_COMPRD) to be
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rhs_comprd, default value: none particular timeslice. included in the equality
rcs_comprd Default i/fe: STD bal ance constraint
(EQE_COMBAL).
Applied to said variable
in the cost component
of the objective
function (EQ_OBJVAR).
COM_VOC COM_BPRICE, Dimensionless The control parameter Possible variation of Applied when setting
(r,datayear,c,bd) COM_STEP, [0, D) ; $SETTI MESED 6 Y E S|demand in both the bound of an elastic
COM_ELAST default: none activate elastic demands directions when using demand step
Default i/fe: STD must be set. the elastic demand (VAR_ELAST).
A number is required for formulation. Applied t o the elasticity
each direction the demand variable in the objective
is permitted to move. function costs
The index bd = LO (EQ_OBJELS).
corresponds to the
direction of decreasing the
demand, while bd = UP
denotes the direction for
demand increase.
A different value may be
provided for each direction,
thus curves may be
asymmetric.
DAM_BQTY DAM_COST Commodity unit Only effective when Base quantity of EQ_DAMAGE
(r,c) [0, D) ; DAM_COST has been emissions for damage EQ_OBJDAM
default value: none defined for commodity c. cost accounting
Default i/fe: N/A
DAM_COST DAM_BQTY Monetary unit per Damage costs are by Marginal damage cost EQ_DAMAGE
(r,datayear,c,cur) commodity unit default endogenous of emissions at Base EQ_OBJDAM
[0, B); (included in the objective). quantity.
default value: none To set them exogenous,
Default i/fe: STD use $SET DAMA GE NO
DAM_ELAST DAM_COST Dimensionless Only effective when Elasticity of dam age EQ_OBJDAM
(r,c,lim) DAM_BQTY [0, B); DAM_COST has been cost in the lower or
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default value: none
Default i/e: N/A

defined for commodity c.

upper direction from
Base quantity.

DAM_STEP DAM_COST Integer number Only effective when Number of steps for EQ_DAMAGE
(r,c,lim) DAM_BQTY [1, B) ; DAM_COST has been line arizing damage EQ_OBJDAM
default value: none defined for commodity c. costs in the lower or
Default i/fe: N/A upper direction from
Base quantity.
DAM_VOC DAM_COST Decimal fraction Only effective when Variance of emissions EQ_OBJDAM
(r,c,lim) DAM_BQTY LO: [0, 1]; DAM_COST has been in the lower or upper
default value: none defined for commodity c. direction from Base
Default i/fe: N/A quantity as a fraction
of Base quantity.
E B, D, M, For each modelyear period End year of period t, The amount of new
(® COEF_CPT, used in determining investment
rtp_vintyr the length of each (VAR_NCAP) carried
period over in the capacity
transfer constraint
(EQ(I)_CPT).
Amount of investments
(VAR_NCAP) remaining
past the modelling
horizon that needs to
be credited back to the
objective function
(EQ_OBJINV).
FLO_BND Commodity unit If the bound is specified for Bound on the flow of Flow activity limit
(r,datayear,p,cg,s,bd) [0, D) ; a timeslice s being above a commodity or the constraint

default: none
Default ife: MIG

the flow timeslice

resolution (rtpcs_varf), the
bound is applied to the sum
of the flow variables
(VAR_FLO) according to
timeslice tree, otherwise
directly to the flow

variable.

the

sum of flows within a
commodity group.

(EQ(l)_FLOBND) when s
is above rtpcs_varf
Direct bound on activity
variable (VAR_FLO)
when at the rtpcs_varf
level.
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No aggregation. 2°

FLO_COST OBJ_FCOST, Monetary unit per Direct inheritance Variable cost of a Applied to the flow
(r,datayear,p,c,s,cur) CST_FLOC, commaodity unit Weighted aggregation process asso ciated variable (VAR_FLO)
CST_PVP [open]; with the production/ when entering the
default: none consumption of a objective function
Default i/fe: STD commodity. (EQ_OBJVAR).
May appear in user
constraints (EQ_UC?¥) if
specified in UC_NAME.
FLO_CUM ACT_CUM Flow unit The years y1 and y2 may Bound on the Generates an instance
(r,p,c,yl,y2,bd) [0, B) ; be any years of the set cumulative amount of of the cumulative
default value: none allyear; where y1 may also annual process constraint
Default i/fe: N/A be 'BOH' for first year of activity between the (EQ_CUMFLO)
first period and y2 may be years y1 and y2,
'EOH' for last year of last within a region.
period.
FLO_DELIV OBJ_FDELYV, Monetary unit per Direct inheritance. Cost of a delivering Applied to the flow
(r,datayear,p,c,s,cur) CST_FLOC, commodity unit Weighted aggregation. (consuming) a variable (VAR_FLO)
CST_PVP [open]; commodity to a when entering the

default: none
Default i/fe: STD

process.

objective function
(EQ_OBJVAR).

May appear in user
constraints (EQ_UC¥) if
specified in UC_NAME.

FLO_EFF
(r,datayear,p,cg,c,s)

Commaodity unit of ¢ /
commodity unit of cg
[open];

default value: none
Default i/fe: STD

Inherited/aggregated to
the timeslice levels of the
flow variables of the
commodities in group cg.
All parameters with the
same process (p ) and
target commodity (c) are
combined in the same

Defines the amount of
commodity flow of
commodity (c) per
unit of other process
flow(s) or activity

(cg).

Generates process
transformation equation
(EQ_PTRANS) between
one or more input (or
output) commodities
and one output (or
input) commodities.

29 Standard aggregation nohplemented for FLO_BND.
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transformation equation.

FLO_EMIS
(r,datayear,p,cg,com,s)

FLO_EFF (alias)

Commodity unit of ¢ /
commaodity unit of cg
[open];

default value: none
Default i/fe: STD

See FLO_EFF.

If com is of type ENV and is
notin the process
topology, it is added to it

as an output flow.

Defines the amount of
emissions (c) per unit
of process flow(s) or
activity (cg).

See FLO_EFF.

FLO_FR
(r,datayear,p,c,s,bd)

Decimal fraction
[0,1] / [0, B
default value: none
Default i/fe: MIG

FLO_FR may be specified
as lower, upper or fixed
bounds, in contrast to
COM_FR.

Can be specified for any
flow variable having a
subannual timeslice
resolution.

Weighted aggregation.
Direct inheritance, i f
defined at the ANNUAL
level.

1) Bounds the flow of
commodity (c)
entering or leaving
process (p) in a
timeslice, in pro  por -
tion to annual flow.

2) If specified also at
the ANNUAL level,
bounds the flow level
in pr oportion to the
average level under
the parent timeslice

A share equation
(EQ()_FLOFR) limiting
the amount of
commodity (c) is
generated according to
the bound type (bd =1
indicator).

FLO_FUNC FLO_SUM, Commodity unit of If for the same indexes the A key parameter Establishes the basic
(r,datayear,p,cgl,cg2,s FLO_FUNCX, cg2/commodity unit parameter FLO_SUM is describing the basic transfor mation
) COEF_PTRAN, of cgl specified but no FLO_FUNC, operation of or within relationship
rpc_ffunc, [open]; the FLO_FUNC is set to 1. a process. Sets the (EQ_PTRANS) between
rpcg_ptran default value: see Important factor in ratio between the one or more input (or
next column determining the level at sum of flows in output) commodities
Default i/fe: STD which a process operates in commodity group cg2 and one or more output
that the derived to the sum of flows in (or input) commodities.
transformation parameter commodity group Establishes the
(COEF_PTRAN) is cgl, thereby defining re lationship between
inherited/aggregated to the the efficiency of storage charging /
timeslice levels of the flow producing cg2 from discharging and a
variables associated with cgl (subject to any related commodity flow
the commodities in the FLO_SUM). cgl and (VAR_FLO) in the
group cgl. cg2 may be also auxiliary storage flow
single commodities. equation (EQ_STG AUX).
FLO_FUNCX FLO_FUNC, Integer scalar Provided when shaping Age - based shaping Applied to the flow
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/extrapolation 2
(r,datayear,p,cgl,cg2) FLO_SUM, [1,999]; based upon age is desired. curve (SHAPE) to be variable (VAR_FLO) in a
COEF_PTRAN default value: none Vintaged processes only. applied to the flow transformation equation
Default extrapolation: Note: Shapei ndex 1is parameters (EQ_PTRANS/
MIG reserved for constant 1. (ACT_EFF/A CT_FLO/ EQE_ACTEFF) to
ACT_EFF(cg): cgl=cg, cg2='| FLO_FUNC/FLO_SUM/ |account for changes in
ACT_FLO(cg): cg1l="ACT', cg| FLO_EMIS/FLO_EFF) the transfor mation
FLO_EMIS(cg,c): cgl=cg2=c efficiency according to
FLO_EFF(cg,c): cgl=cg2=c the age of each process
FLO FUNC(cgl,cg2): cgN=c vintage.
FLO_MARK PRC_MARK Decimal fraction The same given fraction is Process -wise market The individual process
(r,dat ayear,p,c,bd) [0,1]; applied to all time  slices of share in total flow variables
default value: none the commodity (this could commodity (VAR_FLO, VAR_IN,
Default i/fe: STD be generalized to allow production. VAR_STGIN/OUT) are
time - slice - specific fractions, constrained
if deemed useful). (EQ()_FLMRK) to a
If an ANNUAL | evel market - fracti on of the total
share is desired for a production of a
timesliced commodity, commodity
PRC_MARK can be used (VAR_COMPRD).
instead. Forces the commodity
production variable
(VAR_COMPRD) to be
included in the equality
balance constraint
(EQE_COMBAL).
FLO_PKCOI COM_PKRSYV, Scalar FLO_PKCOI is specified for Factor that permits Applied to the flow
(r,datayear,p,c,s) COM_PKFLX, [ope n]; individual processes p attributing  more (or variable (VAR_FLO) to
com_peak, default value: 1 consuming the peak less) demand to the adjust the amount of a
com_pkts Default i/fe: STD commodity c. peaking equation commodity consumed

Direct inheritance.
Weighted aggregation.

Used when the timeslices
are not necessarily fine

(EQ_PEAK) than the
average demand
calculated by the
model , to handle the
situation where peak

when considering the
average demand
contributing to the
peaking constraint
(EQ_PEAK).
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enough to pick up the

actual peak withint he peak

timeslices.

usage is typically
higher (or lower) due
to ¢ oincidental (or

non - coincidental)
loads at the time of

the peak demand.

FLO_SHAR
(r,datayear,p,c,cg,s, bd)

Decimal fraction
[0,1];

default value: none
Default i/fe: MIG over
milestoneyears, STD
over pastyears

Direct inheritance.
Weighted aggregation.

A common example  of
using FLO_SHAR is to
specify the power -to-heat
ratio of CHP plants in the
backpressure point. For
example, for a heat output
of a CHP technology, the
FLO_SHAR par ameter
would have the value
CHPR/(1+C HPR), with
CHPR being the heat -to-
power ratio.

Share of flow
commodity ¢ based
upon the sum of
individual flows
defined by the
commodity group  cg
belonging to process
p.

When the commodity is
an input an

EQ(I)_INSHR equation

is generated.

When the commodity is
an output an
EQ(l)_OUTSHR equation
is generated.

FLO_SuUB OBJ_FSUB, Monetary unit per Direct inheritance. Subsidy on a process Applied with a minus
(r,datayear,p,c,s,cur) CST_FLOX, commodity unit Weighted aggregation. flow. sign to the flow variable
CST_PVP [0, B); (VAR_FLO) when
default value: none entering the objective
Default i/fe: STD function (EQ_OBJVAR).
May appear in user
constraint s (EQ_UC¥) if
specified in UC_NAME.
FLO_SUM FLO_FUNC Commodity unit of If a FLO_SUM is specified Multiplier applied for The FLO_SUM multiplier
(r,datayear,p,cgl,c,cg2, FLO_FUNCX cg2/commodity unit and no corresponding commodity ¢ of group is applied along with

s)

COEF_PTRANS,

ofc

FLO_FUNC, the FLO_FUNC

cgl corresponding to

FLO_FUNC parameter in

fs_emis, [open]; is setto 1. the flow rate based the transformation
rpc_emis, default value: see If FLO_FUNC is specified for upon the sum of coefficient

rpc_ffunc, next column a true commodity group individual flows (COEF_PTRANS), which
rpcg_ptran Default i/fe: STD cgl, and no FLO_SUM is defined by the is applied to the flow
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specified for the
commodities in cgl, these
FLO_SUM are setto 1.

The derived parameter
COEF_PTRANS is

inherit ed/aggregated to the
timeslice level of the flow
variable of the commodity

[

commodity group cg2
of process p. Most
often used to define
the emission rate, or
to adjust the overall
efficiency of a
technology based
upon fuel consumed.

variable (VAR_FLO) in
the transformation
equation (EQ_PTRANS).

Direct inheritance.

FLO_TAX OBJ_FTAX, Monetary unit per Tax on a process Applied to the flow
(r,datayear,p,c,s,cur) CST_FLOX, commodity unit Weighted aggregation. flow. variable (VAR_FLO)
CST_PVP [0, D) ; when entering the
default: none objective function
Default i/fe: STD (EQ_OBJVAR).
May appear in user
constraints (EQ_UC?¥) if
specified in UC_NAME.
G_CUREX R_CUREX Scalar The target currency cur2 Conversion factor Affects cost coefficients
(curl,cur2) (0, b) must have a discount rate from currency curl to in EQ_OBJ
Default value: none defined with G_DRATE. currency cur2, with
cur2 to be used in the
objective function.
G_DRATE OBJ_DISC, Decimal fraction A value must be provided System -wide discount | The discount rat e is
(r,allyear,cur) OBJ_DCEOH, (0,1]; for each region. rate in region r for taken into consideration
NCAP_DRATE, default value = none Interpolation is dense (all each time -period. when constructing the
COR_SALVI, Default i/fe: STD individual years included). objective function
COR_SALVD, discounting multiplier
COEF_PVT (OBJ_DISC), which is
VDA_DISC applied in each

components of the
objective function
(EQ_OBJVAR,
EQ_OBJINV,
EQ_OBJFIX,

EQ _OBJSALYV,
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EQ_OBJELS).
G_DYEAR OBJ_DISC Year Base year for The year to which all
COEF_PVT [BOTIME,EOTIME]; discounting. costs are to be
default value = discounted is taken into
M(MIYR_1), i.e. the consideration when
first milestone year constructing the
objective function
discounting multiplier
(OBJ_DI SC), which is
applied in each of the
components of the
objective function
(EQ_OBJVAR,
EQ_OBJINV,
EQ_OBJFIX,
EQ_OBJSALV,
EQ_OBJELS).
G_ILEDNO NCAP_ILED Decimal fraction Only provided when the If the ratio of lead - Prevents the
[0,1]; costs associated with the time (NCAP_ILED) to investment costs
default value: 0.1 lead -time f or new capacity the period duration associated with
(NCAP_ILED) are not to be (D) is below this investment lead -times
included in the objective thres hold then the from energy the
function. lead -time investment component
Not taken into account if consideration will be of the objective
the OBLONG switch or any ignored in the function (EQ_OBJINV).
alternative objective objective function
formulation is used. costs.
G_NOINTERP All paramete rs Binary indicator Only provide when Switch fo r generally
that are normally [0or1]; interpolation / turning -on (=0) and
subjected to default value =0 extrapolation is to be turning -off (=1)
interpolation / turned off for all sparse inter - /
extrapolation parameters. extrapolation.
Interpolation of cost
parameters is always done.
G_OFFTHD PRC_NOFF Scalar Setting G_OFFTHD=1 will Threshold for Affects availability of
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/extrapolation 2
(datayear) PRC_AOFF [0,1] make the *_OFF attributes considering an *_OFF VAR_NCAP,
PRC_FOFF Default value: 0 effective only for  periods attribute disabling a VAR_ACT, VAR_FLO,
COM_OFF Defaultife: 5 fully included in the OFF process/commodity VAR_COMNET/PRD
range specified. variable in period.
G_OVERLAP Scalar Used only when time - Overlap of stepped T
[0,100] stepped solution is solutions (in years).
Default value: activated with the
TIMESTEP/2 TIMESTEP control variable.
G_TLIFE NCAP_TLIFE Scalar Default value for the
[1, B) ; technical lifetime of a
default value = 10 process if not
provided by the user.
G_YRFR RTCS_TSFR, Fraction Must be provided for each Duration of timeslice Applied to various
(all_r,s) RS_STGPRD [0,1]; region and timeslice. s as fraction of a variables
default value: none; year. Used for (VAR_NCAP+PASTI,
only for the ANNUAL shaping the load VAR_COMX, VAR_IRE,
timeslice a value of 1 curve and lining up VAR_FLO,
is predefined timeslice duration for VAR_SIN/OUT) in the
inter -regional commodity balance
exchanges. equation
(EQ(l)_COMBAL).
IRE_BND top_ire Commodity unit Only applicable for inter - Bound on the total Controls the instances
(r,datayear,c,s,all_ r,ie, [0, D) ; regional exchange import (export) of for which the trade
bd) default value: none processes (IRE). commodity (c) from bound constraint
Default ife: MIG If the bound is specified for (to) region all_r in (EQ()_IR EBND)is
a timeslice (s) being above (out of) regionr. generated, and the
the commodity (c) RHS.
timeslice resolution, the
bound is applied to the sum
of the imports/exports
according to the timeslice
tree.
Standard aggregation.
IRE_CCVT IRE_TSCVT, Scalar Required for mapping Conversion factor The conversion factor is
(rl,c1,r2,c2) top_ire 0,b) commaodities involved in betw een commodity applied to the flow
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Default value: 1 if inter -regional exchanges units in region rl and variable (VAR_IRE) in

commodity names are between two regions region r2. Expresses the inter -regional

the same in both whenever commodities the amount of balance constraint

regions traded are in different units commodity c2 in (EQ_IRE).

I/e: N/A in the regions. region r2 equivalent Similarly, applied to the
to 1 unit of flow variable (VAR_IRE)
commodity cl in when an inter -regional
region rl. exchange is bounded in

the limit constraint
(EQ(I)_IREBND).
Similarly, applied to the
flow variable (VAR_IRE)
when an exchange with
an external region is
bounded (EQ(I)_XBND).
IRE_FLO top_ire Commaodity unit Only applicable for inter - Efficiency of exchange Applied to the exchange
(r1,datayear,p,c1,r2,c2, c2/commodity unit c1 regional exchange process from flow variable (VAR_IRE)
s2) [0, D) ; processes (IRE) between commodity ¢l in in the inter -regional
default value: 1 two internal regions. region rl to trade equation

Default i/fe: STD Note that for each direction commodity c2 in the (EQ_IRE).

of trade a se parate region2 in timeslice Applied to the exchange
IRE_FLO needs to be s2; the timeslice s2 flow variable (VAR_IRE)
specified. refer s to the r2 when a bound on inter -
Similar to FLO_FUNC for region. regional trade is to be
standard processes. applied
Direct inheritance. (EQ()_IREBND).
Weighted aggregation.

IRE_FLOSUM top_ire Commodity unit Only applicable for inter - Auxiliary consumption The multiplier is applied

(r,datay ear,p,cl,s,ie,c2,
i0)

c2/commodity unit c1
[open];

default value: none
Default i/fe: STD

regional exchange
processes (IRE).

Since the efficiency
IRE_FLO can only be used
for exchange between
internal regions,
IRE_FLOSUM may be used

(io = IN, owing to the
commodity entering
the process) or
production/ emission
(io = OUT, owing to
the commodity
leaving the process)

to the f low variable
(VAR_IRE) associated
with an inter -reginal
exchange in the
commodity balance
constraint
(EQ(l)_COMBAL).
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to define an efficiency for of commodity c2 due If a flow share
an import/export with an to the IMPort / EXPort (FLO_SHAR) is provided
external region by (index ie) of the for an inter -regional
specifying the same commodity ¢l in exchange process then
commodity for c1 and c2 regionr 30 the multiplier is applied
and the value 1  -efficiency to the flow variable
as auxiliary consumption. (VAR_IRE) in the share
Direct inheritance. constraint
Weighted aggregation. (EQ()_IN/OUTSHR).

If a cost is provided for
the flow (FLO_COST or
FLO_DELIV) then the
factor is applied to the
flow variable (VAR_IRE)
in the variable
component of the
objective function
(EQ_OBJVAR).

IRE_PRICE OBJ_IPRIC, Monetary unit / Only applicable for inter - IMPort/EXPort price The price of the
(r,datayear,p,c,s,a IL_r,i CST_COMC, commodity unit regional exchange (index ie) for to/from exchange commodity is
e,cur) CST_PVP, [0,D) ; processes (IRE). an internal region of a applied to the trade
top_ire default value: none Ignored if all_r is an comm odity (c) flow variable (VAR_IRE)
Default i/fe: STD internal region. originating in the variable costs

30 The indexing of auxiliary consumption flows or emissions of in¢égional exchange processes is illustrated in the figure below.

Indexing of auxiliary
consumplfion/emission

{EXP,IN)
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Direct inheritance.
Weighted aggregation.

from/heading to an
external region all_r.

component of the
objective function
(EQ_OBJVAR).

IRE_TSCVT IRE_CCVT, Scalar Used for mapping Matrix for mapping The conversion factor is
(r1,s1,r2,s2) top_ire (0, Bb); timeslices in different timeslices; the value applied to the flow
default value: 1 if regions. for (r1,s1 ,r2,s2) gives |variable (VAR_IRE) in
timeslice tree and Required if timeslice the fraction of the inter -regional
names are the same definitions are different in timeslice s2 in region balance constraint
in both regions the regions. r2 that falls in (EQ_IRE).
I/e: N/A timeslice s1 in region Similarly, applied to the
rl. flow variable (VAR _IRE)
when an inter -regional
exchange is bounded in
the limit constra  int
(EQ()_IREBND).
Similarly, applied to the
flow variable (VAR_IRE)
when an exchange with
an external region is
bounded (EQ(l) XBND).
IRE_XBND top_ire Commod ity unit Only applicable forinter - Bound on the total The trade li mit equation

(all_r,datayear,c,s
ie,bd)

[0, DP);
default value: none
Default i/fe: MIG

regional exchange
processes (IRE).

Provide whenever a trade
flow is to be constrained.
Note that the limit is either
imposed by summing lower
or splitting higher flow
variables (VAR_IRE) when
specified at other than the
actual flow level (as
determined by the
commodity and process
levels (COM_TSL/ PRC_TSL

IMPort (EXPort)
(index ie) of
commaodity ¢ in region
all_r with all sources
(destinations).

EQ(I)_XBND generated
either sums lower flow
variables (VAR_IRE) or
splits (according to the
timeslice tree) coarser
variables.
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).
MULTI NCAP_AFM, Scalar Only provided when the Multiplier table used {See Related
(j,allyear) NCAP_FOMM, [open]; related shaping parameters for any shaping Parameters}
NCAP_FSUBM, default value: none are to be used. parameters (*_*M) to
NCAP_FTAXM I/e: Full dense adjust the
interpolation and corresponding
extrapolation technical data as
function of the year;
the table contains
different mult iplier
curves identified by
the index j.
NCAP_AF NCAP_AFA, Decimal fraction NCAP_AF, NCAP_AFA and Availability factor The corresponding
(r,datayear,p,s,bd) NCAP_AFS, [0,1]; NCAP_AFS can be applied relating a unit of capacity -activity
NCAP_AFM, default value: 1 simultaneously. production (process constraint
NCAP_AFX, Default i/fe: STD Direct inheritance. activity) in timeslice s (EQ()_CAPACT) will be
COEF_AF Remark: In special Weighted aggregation. to the current generated for any
cases values >1 can (Important remark: installed capacity. timeslic e s.
also be used (when No inheritance/aggregation If the process timeslice
PRC_CAPACT does if any val ue is specified at level (PRC_TSL) is
not represent the process timeslices.) below said level, the
max. technical level activity variables will be
of activity per unit of summed.
capacity ).
NCAP_AFA NCAP_AFA, Decimal fraction Provi ded when §Annualavailability The corresponding
(r,datayear,p,bd) NCAP_AFS, [0,1]; level process operation is factor relating the capacity -activity
NCAP_AFM, default value: none to be controlled. annual activity of a constraint
NCAP_AFX, Default i/fe: STD NCAP_AF, NCAP_AFA and process to the (EQ(I)_CAPACT) will be
COEF_AF NCAP_AFS can be applied installed capacity. generated for the

Remark: In special
cases values >1 can
also be used (when
PRC_CAPACT has
been chosen not to
represent the max.

simultaneously.

NCAP_AFA is always
assumed to be non -vintage
dependent, even if the
process is defined as a
vintaged one; for vintage -

OANNUALS tii
If the process timeslice

level (PRC_TSL) is
below said level, the

activity variables will be

summed.

me
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technical level of
activi ty per unit of

dependent annual
availability NCAP_AFS with

capacity). s=0 ANNUALG® can
NCAP_AFC NCAP_AFCS Decimal fraction If the commaodities are in Commaodity -specific Generates instances of
(r,datayear,p,cg,tsl) [ 0, D) ; the PCG, constraint is availability of capacity EQ(l)_CAFLAC (thereby
default value: none applied to the flows in the for commodity group disabling EQ(l)_CAPACT
Default i/fe: STD PCG as a whole (linear cg, at given timeslice generation), or
combination of flows). level. EQL_CAPFLO.
Independent equati  ons are
generated for commodities
not in the PCG, or when
NCAP_AFC(r, 606,
=1 1is also specified.
NCAP_AFCS NCAP_AFC Decimal fraction See NCAP_AFC. Commodity -specific See NCAP_AFC.
(r,datayear,p,cg,ts) [0, D) ; NCAP_AFCS is similar to availability of capacity
default value: none NCAP_AFC but is defined for commodity group
Default i/fe: STD on individual timeslices. cg, timeslice -specific.
Overrides NCAP_AFC.
NCAP_AFM NCAP_AF, Integer number Provided when Period sensitive {See Related
(r,datayear,p) NCAP_AFA, Default value: 0 (no multiplication of NCAP_AF / multiplier curve Parameters}
NCAP_AFS, multiplier applied) NCAP_AFS based upon year (MULT]I) to be applied

MULTI, COEF_AF

Default extrapolation:
MIG

is desired.
Note: Multiplier index 1 i S
reserved for constant 1.

to the availability
factor parameters
(NCAP_AF/AFA/AFS)
of a process.

NCAP_AFS
(r,datayear,p,s,bd)

Decimal fraction
[0,1];

default value: none
Default i/fe: STD

Remark: In special
cases values >1 can
also be used (in cases
where PRC_CAPACT
has been chosen not

NCAP_AF, NCAP_AFA and
NCAP_AFS can be applied
simultaneously.
NCAP_AFS being specified
for timeslices s being below
the process timeslice level
are ignored.

No inheritance.

No aggregation.

Availability fact or
relating the activity of
aprocessin a
timeslice s being at or
above the process
timeslice level
(prc_tsl) to the
installed capacity. If
for example the
process timeslice

The corresponding
capacity -activity
constraint
(EQ(I)_CAPACT) will be
generated for a

timeslice s being at or
above the process
timeslice lev el (prc_tsl).
If the process timeslice
level is below said level,
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to represent the Can be used also on the l evel i s 6 D A the activity variables

maximum technical
level of activity per
unit of capacity).

process timeslices, and will
then override the levelized
NCAP_AF availability
factors.

NCAP_AFS is specified

for timeslices on the

6 SEASONAG®@,the |

sum of the
activities within a
season are restricted,
but not
activities directly.

t he

o

will be summed.

NCAP_AFX
(r,datayear,p)

NCAP_AF,
NCAP_AFA,
NCAP_AFS,
SHAPE, COEF_AF

Integer number
Default value: 0 (no
shape curve applied)
Default extrapolation:
MIG

Provided when shaping
based upon age is desired.
NCAP_AFX is applied to
NCAP_AF and NCAP_AFS,
but not the annual

availabili ty NCAP_AFA.
For non -vintaged process,
the SHAPE parameter is
only applied to NCAP_AF,
i.e. availabilities at process
timeslices will be vintaged.
Note: Shape index 1 is
reserved for constant 1.

Age-based shaping
curve (SHAPE) to be
applied to the
availability factor
parameters
(NCAP_AF/AFA/AFS)
of a process.

{See Related
Parameters}

NCAP_BND
(r,datayear,p,bd)

Capacity unit

[ 0,)P

default value: none
Default ife: MIG

Provided for each process
to have its overall installed
capacity (VAR_NCAP)
limited in a period.

Since inter -/extrapolation
default is MIG, a bound
must be specified for each
period desired, if no explicit
inter -/ex trapolation option
is given, e.g.

NCAP_BND(R, 606,

Bound on the
permitted level on
investment in new
capacity

Imposes an indirect
limit on the capacity
transfer equation
(EQ_CPT) by means of
a direct bound on the
new investments
capacity variable
(VAR_NCAP).

NCAP_BPME
(r,datayear,p)

NCAP_CDME

Decimal fraction
[0, P);

The parameter is only
taken into account when

Back pressure mode
efficiency (ortot  al

Process transformation
equation, either
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default value: none
Default ife: STD

the process is of type CHP,
and NCAP_CDME has been
also defined.

efficiency in full CHP
mode).

EQE_ACTEFF or
EQ_PTRANS

NCAP_CDME NCAP_BPME Decimal fraction The parameter can only be Condensing mode Process transformation
(r,datayear,p) [ 0, D) ; used for standard process - | efficiency equation, either
default value: none es havin g electricity output EQE_ACTEFF or
Default i/fe: STD in the PCG. The efficiency EQ_PTRANS
is applied between the
default shadow group and
the electricity. If the
process is also defined as a
CHP, heat efficiency is also
included.
NCAP_CEH NCAP_CHPR Decimal fraction The parameter is only Coefficient of Process transformation
(r,datayear,p) ACT_EFF [T12, B] ; taken into account when electricity to heat equation, either
default value: none the process is defined to be along the iso -fuel line | EQE_ACTEFF or
Default i/fe: STD of type CHP. According to in a pass -out CHP EQ_PTRANS
the CEH value, the process technology.
activity will be defined as:
CEH O 0: Max. ¢
output according to CHPR
0O<CEHO1: Conden
mode electricity output
CEH O 1: Total
output in full CHP mode.
NCAP_CHPR FLO_SHAR Decimal fraction The parameter is only Heat - to - power ratio The ratios are
(r,datayear,p,bd) [0, D) ; taken into account when of a CHP technology implemented with
default value: none the process is defined to be (fixed / minimum / EQ(l)_OUTSHR
Default i/fe: STD of type CHP. maximum ratio).
NCAP_CLAG NCAP_CLED Years Provided when there is a Lagtime of a Applied to the
(r,datayear,p,c,io) NCAP_COM [open]; delay in commaodity output commodity after new investment variable

default value: none
Default i/fe: STD

after commissioning new
capacity. So, if the process
is av ailable in the year K,

the commodity is produced

capacity is installed.

(VAR_NCAP) in the
commodity balance
(EQ(l)_COMBAL) of the
investment peri _od or
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during the years [K+CLAG, previous periods.
K+NCAP_TLIFE i 1].
NCAP_CLED NCAP_ICOM Years Provided when a Lead time Applied to the
(r,datayear,p,c) COEF_ICOM [open]; commodity must be requirement for a investment variable
default value: = available prior to commodity during (VAR_NCAP) in the
NCAP_ILED availability of a process. construction commodity balance
Default i/fe: STD So, if the process is (NCAP_ICOM), prior (EQ(l)_COMBAL) of the
available inthe year B (v) to the initial investment period or
+NCAP_ILED i 1, the availability of the previous periods.
commodity is produced capacity.
during the time span
[B(v)+ILED i CLED, B(v)
+NCAP_ILED 7 1].
Usually used when
modelling the need for
fabrication of reactor fuel
the period before a reactor
goes online.
NCAP_COM rpc_capflo, Commodity unit per Provided when the Emission (or land - Applied to the capacity
(r,datayear,p,c,io) rpc_conly capacity unit consumption or production use) of commodity ¢ variable (VAR_CAP) in
[open]; of a commaodity is tied to associated with the the commodity balance
default value: none the level of the installed capac ity of a process (EQ_COMBAL).
Default i/fe: STD capacity. for each year said
capacity exists.
NCAP_COST OBJ_ICOST, Monetary unit per Provided whenever there is Investment costs of Applied to the
(r,datayear,p) OBJSCC, capacity unit a cost associated with new installed capacity investment variable
CST_INVC, [0, D) ; putting new capacity in according to the (VAR_NCAP) when
CST_PVP default value: none place. installation year. entering the objective
Default i/fe: STD func tion (EQ_OBJNV).
May appear in user
constraints (EQ_UC?*) if
specified in UC_NAME.
NCAP_DCOST NCAP_DLAG, Monetary unit per Provided when there are Cost of dismantling a Applied to the current
(r,datayear,p,cur) COR_SALVD, capacity unit decommissioning costs facil ity after the end capacity subject to
OBJ _DCOST, [ 0, B); def au associated with a process. of its lifetime. decommissioning
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CST_DECC, none Decommissioning of a (VAR_NCAP+NCAP_PAS
CST_PVP Default i/fe: STD process and the payment of TI) when entering the
decommissioning costs objective function
may be delayed by a lag (EQ_OBJNV).
time (NCAP_DLAG).
NCAP_DELIF NCAP_DLIFE, Years Provided when the Economic lifetime of Applied to the
(r,datayear,p) COR_SALVD, (o0, B); timeframe for paying for the decommissioning investment variable
DUR_MAX, default value: decommission is different activity. (VAR_NCAP) when
OBJ_CRFD, NCAP_DLIFE from that of the actual entering the salvage
SALV_DEC Default i/fe: STD decommissioning. portion of the objective
function
(EQ_OBJSALV).
NCAP_DISC rp_dscncap Capacity unit Used for lumpy Size of capacity units Applied to the lumpy
(r,datayear,p,unit) [0, D) ; investments. that can be added. investment integer
default value: none Requires MIP. variable (VAR_DNCAP)
Default ife: MIG Since inter -/extrapolation in the discrete
default is MIG, a value investment equation
must be specified for each (EQ_DSCNCAP) to set
period desired, if no explicit the corresponding
inter -/extrapolation option standard investment
is given. variable level
(VAR_NCAP).
NCAP_DLAG COEF_OCOM, Years Provided when there is a Number of years Delay applied to a
(r,datayear,p) DUR_MAX, [0,D) ; lag in the decommissioning delay before decommissioning flow
OBJ_DLAGC default value: none of a process (e.g., to allow decommissioning can (VAR_FLO) in the

Default i/fe: STD

the nuclear core to reduce
its radiation).

begin after the
lifetime of a
technology has
ended.

balance equation
(EQ()_COMBAL) as
production.

Delay applied to the
current capacity subject
to decommissioning
(VAR_NCAP+NCAP_PAS
TI) when entering the
objective function
components
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(EQ_OBJINV,
EQ_OBJFIX,
EQ OBJSALV).

NCAP_DLAGC NCAP_DLAG, Monetary unit per Provided when there is a Cost occurring during Cost during delay
(r,datayear,p,cur) OBJ_DLAGC, capacity unit cost during any lag in the the lag time after the applied to the current
CST_DECC, [0,B) ; decommissioning (e.g., technical lifetime of a capacity subject to
CST_PVP default value: none security). process has ended decommissioning
Default i/fe: STD and before its (VAR_NCAP+NCAP_PAS
decommissioning TI) when entering the
starts. objective function
components
(EQ_OBJFIX,
EQ_OBJSALV).
NCAP_DLIFE DUR_MAX Years Provided when a process Technical time for Decommissioning time
(r,datayear,p) (0, B); has a decommissioning dismantling a facility impacting
default value: none phase. after the end its (VAR_NCAP+NCAP_PAS
Default i/fe: STD technical lifetime, TI) when entering the
plus any lag time objective function
(NCAP_DLAG). components
(EQ_OBJINV,
EQ_OBJSALV).
NCAP_DRATE G_DRATE, Percent Provided if the cost of Technology specific Discount rate applied to
(r,datayear,p) COR_SALVI, 0,b) ; borrowing for a process is discount rate. investments
COR_SALVD default value: different from the standard (VAR_NCAP+NCAP_PAS
G_DRATE discount rate. TI) when entering the
Default i/fe: STD objec tive function
components
(EQ_OBJINV,
EQ_OBJSALV).
NCAP_ELIFE NCAP_TLIFE, years Provided only when the Economic lifetime of a Economic lifetime of a
(r,datayear,p) COR_SALVI, (0, B); economic lifetime differs process. process when costing
OBJ_CRF default value: from the technical lifetime investment
NCAP_TLIFE (NCAP_TLIFE). (VAR_NCAP+NCAP_PAS

Default i/fe: STD

TI) or capacity in the
objective function
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components
(EQ_OBJINV,
EQ_OBJSALV,
EQ_OBJFIX).
NCAP_FOM OBJ_FOM, Moneta ry unit per Provided when there is a Fixed operating and Fixed operating and
(r,datayear,p,cur) CST_FIXC, capacity unit fixed cost associated with maintenance cost per maintenance costs
CST_PVP [0,D) ; the installed capacity. unit of capacity associ ated with total
default value: none according to the installed capacity
Default i/fe: STD installation year. (VAR_NCAP+NCAP_PAS
TI) when entering the
objective function
components
(EQ_OBJFIX).
NCAP_FOMM NCAP_FOM, Integer number Provided when sha ping Period sensitive {See Related
(r,datayear,p) MULTI Default value: 0 (no based upon the period is multiplier curve Parameters}
multiplier curve desired. (MULTI) applied to
applied) Note: Multiplier index 1 is the fixed operating
Default ife: MIG reserved for constant 1. and maintenance
costs (NCAP_FOM).
NCAP_FOMX NCAP_FOM, Integer number Provided when shaping Age-based shaping {See Related
(r,datayear,p) SHAPE Default value: 0 (no based upon age is desired. curve (SHAPE) to be Parameters}
shape curve applied) Note: Shape index 1 is applied to the fixed
Default ife: MIG reserved for constant 1. operating and
maintenance cost.
NCAP_FSUB OBJ_FSB, Monetary unit per Provided when there is a Subsidy per unit of Fixed subsidy
(r,datayear,p,cur) CST_FIXX, capacity unit subsidy for associated with installed capacity. associated with total
CST_PVP [0,D) ; the level of installed installed capacity
default value: none capacity. (VAR_NCAP+NCAP_PAS
Default i/fe: STD TI) when enteri  ng the
objective function
component
(EQ_OBJFIX) with a
minus sign.
NCAP_FSUBM NCAP_FSUB, Integer number Provided when shaping Period sensitive {See Related
(r,datayear,p) MULTI Default value: 0 (no based upon the period is multiplier curve Parameters}
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/extrapolation 2
multiplier curve desired. (MULTI) applied to
applied) Note: Mult iplier index 1 is the subsidy

Default ife: MIG

reserved for constant 1.

(NCAP_FSUB).

NCAP_FSUBX NCAP_FSUB, Integer number Provided when shaping Age - based shaping {See Related
(r,datayear,p) SHAPE Default value: 0 (no based upon age is desired. curve (SHAPE) to be Parameters}
shape curve applied) Note: Shape index 1 is applied to the fixed
Defaulti /e: MIG reserved for constant 1. subsidy
(NCAP_FSUB).
NCAP_FTAX OBJ_FTX, monetary unit per Provided when there is a Tax per unit of Fixed subsidy
(r,datayear,p,cur) CST_FIX X, capacity unit fixed tax based upon the installed capacity. associated with total
CST_PVP [open]; level of the installed installed ca pacity
default value: none capacity. (VAR_NCAP+NCAP_PAS
Default i/fe: STD TI) when entering the
objective function
components
(EQ_OBJFIX).
NCAP_FTAXM NCAP_FTAX, Integer number Provided when shaping Period sensitive {See Related
(r,datayear,p) MULTI Default value: 0 (no based upon the period s multiplier curve Parameters}
multiplier curve desired. (MULTI) applied to
applied) Note: Multiplier index 1 is the tax (NCAP_FTAX).
Default i/fe: MIG reserved for constant 1.
NCAP_FTAXX NCAP_FTAX, Integer number Provided when shaping Age-based shaping {See Related
(r,datayear,p) SHAPE Default value: 0 (no based upon age is desired. curve (SHAPE) to be Parameters}
shape curve applied) Note: Shape index 1 is applied to the fixed
Default ife: MIG reserved for constant 1. tax (NCAP_FTAX).
NCAP_ICOM NCAP_CLED, Commaodity unit per Provided when a Amount of commodity Applied to the
(r,datayear,p,c) rpc_capflo, capacity unit commodity is needed in the (c) required for the investment variable
rpc_conly [open]; period in which the new construction of new (VAR_NCAP) in the

default value: none
Default i/fe: STD

capacity is to be available,

or before NCAP_CLED .

If NCAP_CLED is provided,
the commodity is required
during the years
[B(v)+NCAP_CLED,B(v)+N
CAP_ILED-NCAP_CLED]. If

capacity.

appropriate commodity
constraints
(EQ(l)_COMBAL) as
part of consumption.
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this time spans more than
one period, the commodity

flow is split up proportion -

ally between the periods.
For the commodity balance
the commodity requirement
inaperiodi sconverted to
an average annual
commodity flow for the
entire period, although the
construction may take
place only for a few years
of the period

Negative value describes
production (e.g. emissions)
at the time of a new
investment .

NCAP_ILED
(rtp)

NCAP_ICOM,
NCAP_COST,
COEF_CPT,
COEF_ICOM,
DUR_MAX

Years

[ope nJ;

default value: none
Default i/fe: STD

Provided when there is a
delay between when the
investment decision occurs
and when the capacity
(new capacity or past
investment) is initially
available. If NCAP_ILED>0,
the investment decision is
assumed to occur  at B(v)
and the capacity becomes
available at B(v)+tNCAP -
ILED. If NCAP_ILED<O, the
investment decision is
assumed to occur at B(v) -
NCAP_ILED and the
capacity becomes available
at B(v). Causes an IDC
overhead in the investment

Lead time b etween
investment decision
and actual availability
of new capacity (=
construction time).

Applied to the
investment variable
(VAR_NCAP) balance
constraints
(EQ()_COMBAL) as
part of consumption, if
there is an associated
flow (NCAP_ICOM).
Used as to distin  guish
between small and
large investments
(VAR_NCAP) and thus
influences the way the
investment and fixed
costs are treated in the
objective function
(EQ_OBJINV,
EQ_OBJFIX,
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costs accounting. EQ_OBJSALV).
NCAP_ISUB OBJ_ISUB, monetary unit per Provided when there is a Subsidy per unit of Applied to the
(r,datayear,p,cur) OBJSCC, capacity unit subsidy for new new installed investment variable
CST_INVX, [0, D) ; investments in a period. capacity. (VAR_NCAP) when
CST_SALV, default value: none entering the objective
CST_PVP Default i/fe: STD function (EQ_OBJNV)
with a minus sign.
May appear in user
constraints (EQ_UC?¥) if
specified in UC_NAME.
NCAP_ITAX OBJ_ITAX, monetary unit per Provided when there is a Tax per unit of new Applied to the
(r,datayear,p,cur) OBJSCC, capacity unit tax associated with new installed capacity investment variable
CST_INVX, [0, D) ; investments in a period. (VAR_NCAP) when
CST_SALYV, default value: none entering the objective
CST_PVP Default i/fe: STD function (EQ_OBJNV).
May appear in user
constraints (EQ_UC?¥) if
specified in UC_NAME.
NCAP_OCOM NCAP_VALU, Commodity unit per Provided when there is a Amount of commodity Applied to the
(r,datayear,p,c) rpc_capflo, capacity unit commodity release ¢ per unit of capacity investment variable
rpc_conly [open]; associated with the released during the (VAR_NCAP) in the

default value: none
Default i/fe: STD

decommissioning.

The year index of the
parameter corresponds t
the vintage year.

If the decommissioning
time (NCAP_DLIFE) falls in
more than one period, is
split up proportionally
among the periods.

For the commodity balance
the commodity release in a
period is converted to an
average annual commodity
flow for the e ntire period,

(0]

dismantling of a
process.

appropriate commodity
constraints
(EQ(l)_COMBAL) as
part of production in
the appropriate period.
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although the dismantling
may take place only for a
few years of the period.

NCAP_OLIFE NCAP_TLIFE Years Requires that early Maximum operating EQL_SCAP
(r,datayear,p) (0, D) ; retirements are enabled lifetime of a process,
default value: none and the process is in terms of full -load
Default i/fe: STD vintaged. years.
NCAP_PASTI NCAP_PASTY, capacity unit Past investment can also Investment in new EQ(l)_COMBAL
(r,pastyear ,p) OBJ_PASTI, [0, D) ; be specified for milestone capacity made before EQ_CPT
PAR_PASTI, default value: none years, e.g. if the mile  stone | the beginning of the EQ_OBJINV,
PRC_RESID No ile year is a historic year, so model horizon (in the EQ_OBJSALV,
that capacity additions are year specified by EQ_OBJFIX
known or if planned future pastyear).
investments are already
known.
NCAP_PASTY NCAP_PASTI Years Provided to spread a single Number of years to {See NCAP_PASTI}
(r,pastyear,p) [1,999]; past investment go back to calculate a
default value: none (NCAP_PASTI) back over linear build -up of past
No ile several years (e.g., cars in investments
the period before the 1 s
milestoneyr were bought
over the previous 15
years).
If overlaps with other past
investments, the capacity
values are added.
NCAP_PKCNT com_peak, Decimal fraction If the indicator PRC_PKAF Fraction of capacity Applied to investments
(r,datayear,p,s) com_pkts, [0,1]; is specified, the that can contribute to in capacity (VAR_NCAP,
prc_pkaf, default value: 1 NCAP_PKCNT is set equal peaki ng equations. NCAP_PASTI) in the
prc_pkno Default i/fe: STD to the availabilities peaking constraint
NCAP_AF. (EQ_PEAK).
Direct inheritance.
Weighted aggregation.
NCAP_SEMI NCAP_DISC Capacity unit Upper bound for the Semi - continuous hew Applied to the semi -

(r,datayear,p)

(0, D),

capacity must be defined

capacity, lower

continuous investment
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default value: none
Default ife: MIG

by NCAP _BND; if not
defined, assumed to be
equal to the lower bound.
Requires MIP.

bound . (See Section
5.9)

variable VAR_SNCAP
in the discrete
investment equation
EQ_DSCNCAP

NCAP_START PRC_NOFF Year NCAP_START(r,p)=y Start year for new Affects the availability
(r,p) [1000, P) ; is equivalent to investments of investment variable
default value: none PRC_NOFF(r,p,BOH,y i1). (VAR_NCAP)
NCAP_TLIFE NCAP_ELIFE, Years Expected for all Technical lifeti me of a | Impacts all calculations
(r,datayear,p) COEF_CPT, ©, b) ; technologies that have process. that are dependent
COEF_RPTI, default value:  G_TLIFE investment costs. upon the availability of
DUR_MAX Default i/fe: STD Values below 0.5 cannot be investments
well accounted in the (VAR_NCAP) including
objective function, and capacity transfer
should thus be avoided (EQ_CPT), commodity
(they are automatically flow (EQ(l)_COMBAL),
resetted to1l). costs (EQ_OBJINV,
EQ_OBJFIX,
EQ_OBJVAR,
EQ_OBJSALV).
NCAP_VALU NCAP_OCOM Monetary unit / Provided when a released Value of a commodity Applied to the
(r,datayear,p, c,cur) commodity unit commodity has a value. released at investment related
[0, B); decommissioning (VAR_NCAP,
default value: none (NCAP_OCOM). NCAP_PASTI) release
Default i/fe: STD flow at
decommissioning in the
objec tive function
(EQ_OBJSALV).
PRC_ACTFLO PRC_CAPACT, Commaodity unit / Only (rarely) provided 1) Conversion factor Applied to the primary
(r,datayear,p,cg) prc_actunt, activity unit when either the activity from units of activity commodity (prc_pcg)
prc_spg, rpc_aire (0, B); and flow variables of a to units o f those flow flow variables

default value: 1
Default i/fe: STD

process are in different
units, or if there is a
conversion efficiency
between the activity and
the flow(s) in the PCG.

variables that define
the activity (primary
commaodity group),
or,

2) Conversion

(VAR_FLO, VAR_IRE) to
rel ate overall activity
(VAR_ACT in
EQ_ACTFLO).

When the Reduction
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The group (cg) can be the multiplier algorithm activated it is

whole PCG or any individual

commodity in the PCG, or
'ACT' (=PCG).

representin g the
amount of flow(s) in
the cg per 1 unit of
activity.

applied to the activity
variable (VAR_ACT) in
those cases where the
flow variable
(VAR_FLO) can be
replaced by the activity
variable (e.g. the
activity is defined by
one commodity flow).

PRC_CAPACT PRC_ACTFLO, Activity unit / Conversion factor Applied along with the
(r,p) PRC_ACTUNT capacity unit from capacity unit to availability factor
(0, B); activity unit assuming (NCAP_AF) to the
default value: 1 that the capacity is investment (VAR_NCAP
Defaulti/fe:  none used for one year. + NCAP_PASTI) in the
utiliza tion equations
(EQ(I)_CAPACT,
EQ(l)_CAFLAC).
Applied to the
investment (VAR_NCAP
+ NCAP_PAST]I) in the
peak constraint
(EQ_PEAK).
Applied to the
investment (VAR_NCAP
+ NCAP_PAST]I) in the
capacity utilization
constraint for CHP
plants (ECT_AFCHP)
and peak co nstraint in
the IER extension (see
Part I11).
PRC_MARK FLO_MARK Decimal fraction Combined limit on Process group -wise EQ(l) _FLOMRK

(r,datayear,p,item,c,bd)

[open];
default value: none

commodity production is
derived as the sum of the

market share, which
defines a constraint

VAR_COMPRD
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Defaulti/fe: 11

process - specific
productions multipl  ied by
the inverse values of
PRC_MARK. The constraint
is applied to the annual
production of commaodity.

for the combined
market share of
multiple processes in
the total commodity
production.

PRC_RESID NCAP_PASTI Capacity unit If only a single data point is Residual existing EQ(l)_CAPACT
(r,datayear,p) [0, D) ; specified, linear decay of capacity stock of EQ(l)_CAFLAC
default value: none the specified residual process (p) still EQL_CAPFLO
Defaulti/e: 1 capacity over technical available in the year EQ()_CPT
(options 5/15 may be lifetime is assumed. specified (datayear). VAR_CAP
used for extrapolation Used as an alternative to PRC_RESID is most
over TLIFE) NCAP_PASTI, not to use useful for describing
both for the same process. the stock of capacity
with mixed vintages
while NCAP_ PASTI is
suited f or capacities
of a certain vintage s,
such as an individual
power plants.
R_CUREX G_CUREX Scalar The target currency cur2 Conversion factor Affects cost coeff icients
(r,curl,cur2) (0, b) must have a discount rate from currency curl to in EQ_OBJ
Default value: none defined with G_DRATE. currency cur2 in
Default i/fe: N/A region r, in order to
use cur2 in the
objective function.
RCAP_BLK PRC_RCAP Capacity unit Only effective when lumpy Retirement block size. EQ_DSCRET
(r,datayear,p) RCAP_BND [0, B); early capacity retirements VAR_DRCAP
default value: none are active (RETIRE=MIP). VAR_SCAP
Default i/fe: STD Requires MIP.
RCAP_BND PRC_RCAP Capacity unit Unless the control variable Bound on the retired VAR_RCAP
(r,datayear,p,bd) RCAP_BLK [ 0O, D) ; DSCAUTO=YES, requires amount of capacity in VAR_SCAP
default value: none that PRC_RCAP is defined a period (same bound
Defaulti/fe: STD for process p. for all vintages).
REG_BNDCST REG_CUMCST Monetary unit The cost aggregations Bound on regional EQ BNDCST
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(r,datayear,agg,cur,bd) [0, D) ; (agg) supported are listed costs by type of cost VAR_CUMCST
default value: none in the set COSTAGG (see aggregation.
Default ife: MIG Table 1).
REG_CUMCST REG_BNDCST Monetary unit The cost aggregations Cumulative bound on EQ_BNDCST
(r,yl,y2,agg,cur,bd) [ 0, D) ; (agg) supported are listed regional costs by type VAR_CUMCST
default value: none in the set COSTAGG (see of cost aggregation.
Default ife: N/A Table 1).
REG_FIXT Year Only taken into account Year up to which T
(all_r) [1000, D) ; when the first periods are periods are fixed by
default value: none fixed by using the FIXBOH period
control var iable.
RPT_OPT Integer value See Partlll , Table1 5 fora | Miscellaneous T
(item,j) [open]; list and descriptions of reporting options
default value: none available options
SHAPE FLO_FUNC, Scalar Provided for each age Multiplier table used {See Related
(,age) FLO_SUM, [open]; dependent shaping curve for any shaping Parameters}
NCAP_AFX, default value: none that is to be applied. parameters (*_*X)
NCAP_FOMX, I/e: Full dense to adjust the
NCAP_FSUBX, interpolation and corresponding
NCAP_FTAXX extrapolation technical data as
function of the age;
the table can contain
different multiplier
curves that are
identified by the
index j.
STG_CHRG prc_nstts, Scalar Only applicable to storage Annual exogenous Exogenous charging of
(r,datayear,p,s) prc_stgips, [0, D) ; processes (STG): timeslice charging of a storage storage ent ers storage
prc_stgtss default value: none storage, inter -period technology in a equations (EQ_STGTSS,
Default i/fe: STD storage or night storage particular timeslice s. EQ_STGIPS) as right -
devices. hand side constant.
STG_EFF prc_nstts, Decimal fraction Only applicable to storage Efficiency of storage Applied to the storage
(r,datayear,p) prc_stgips, [ 0O, D) ; processes (STG): timeslice process. output flow
prc_stgtss default value: 1 storage, inter -period (VAR_SOUT) in the

Default i/fe: STD

storage or night storage

commodity balance
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devices.

(EQ(I)_COMBAL) for the
stored commaodity.

STG_LOSS prc_nstts, Scalar Only applicable to storage Annual loss of a Timeslice storage
(r,datayear,p,s) prc_stgips, [open]; processes (STG): timeslice storage process per process (EQ_STGTSS):
prc_stgtss default value: none storage, inter -period unit of average applied to the average
Default i/fe: STD storage or night storage energy stored. storage level
devices. (VAR_ACT) between
STG_LOSS>0 defines the two consecutive
loss in proportion to the timeslices.
initial storage level during Inter -period storage
one yeards stor process (EQ_STGIPS):
STG_LOSS<O0 defines an applied to the average
equilibrium loss, i.e. how storage level from the
much the annual losses pre -period (VAR_ACT)
would be if the storage and the net inflow
level is kept constant. (VAR_SIN -VAR_SOUT)
of the current period.
STGIN_BND prc_nstts, Commodity unit Only applicable to storage Bound on the input Storage input bound
(r,datayear,p,c,s,bd) prc_stgips, [0, D) ; processes (STG): timeslice flow of a storage constraint
prc_stgtss default value: none storage, inter -period process in a timeslice (EQ(l)_ STGIN) when s
Default i/fe: MIG storage or night storage S. is above prc_tsl of the
devices. storage process.
Direct bound on storage
input flow ( VAR_SIN)
when at the prc_tsl
level.
STGOUT_BND prc_nstts, Commodity unit Only applicable to storage Bound on the output Storage output bound
(r,datayear,p,c,s,bd) prc_stgips, [0, D) ; processes (STG): timeslice flow of a storage constraint
prc_stgtss default value: none storage, inter -period process in a timeslice (EQ(l)_STGIN) when s

Default ife: MIG

storage or night storage
devices.

S.

is above prc_tsl of the
storag e process.
Direct bound on storage
output flow variable
(VAR_SOUT) when at
the prc_tsl level.
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TL_CCAPO (Alias: CCAPO) Capacity unit Requires using ETL. Initia | cumulative Cumulative investment
(r,teg) PAT, [open]; For learning technologies capacity of a learning constraint (EQ_CUINV)
CCOSTO default value: none teg when ETL is used. technology. and cumulative capacity
variable (VAR_CCAP) in
endogenous
technological learning
formulation.
TL_CCAPM (Alias: CCAPM) Capacity unit Requires using ETL. Maximum cumulative Core ETL equations.
(r.teg) CCOSTM [open]; For learning technologies capacity.
default value: none teg when ETL is used.
TL_CLUSTER (Alias: CLUSTER) Decimal fraction. Requires using ETL (MIP). Indicator that a EQ_CLU
(r,teg,prc) TL_MRCLUST [0-1]; A Provided to model technology (teg) is a
default value: none clustered endogenous learning component
technology learning. that is part of another
A Each of the technology (prc) in
learning parameters must region r; teg is also
also be specified for the called key
key learning technology. component.
TL_MRCLUST TL_CLUSTER Decimal fraction. Requires using ETL (MIP). Mapping for multi - EQ_MRCLU
(r,teg,reg,p) [0-1]; A Provided to model region clustering
default value: none clustered endogenous between learning key
technology learning. components (teg) and
A Each of the processes (p) that
learning parameter s must utilize the key
also be specified for the component.
key learning technology.
TL_PRAT (Alias: PRAT) Scalar Requires using ETL. Progress ratio Fundamental factor to
(r,teg) ALPH [0,1]; Provided for learning indicating the drop in describe the learning
BETA default value none technologies (teg) when the investment cost curve and thus effects
CCAPK ETL is used. each time there is a nearly all equations and
CCOSTO doubling of the variables related to
PAT installed capacity. endogenous technology
PBT learning (ETL).
TL_SCO (Alias: SCO0) Monetary unit / Requires using ETL. Initial specific Defines together with
(r,teg) capacity unit For learning technologies investment costs. CCAPQ initial point of
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[open];
default value: none

teg when ETL is used.

learning curve and
affects thus the core
equations and variables
of endogenous
technological learning
(ETL).

TL_SEG (Alias: SEG) Integer Requires using ETL. Number of segments. Influences the
(r,teg) [open]; For learning technologies piecewise linear
teg when ETL is used. approximation of the
Currently limited to six cumulative cost curve
segments by set kp. (EQ_COS, EQ_LA1,
EQ_LA2).
UC_ACT uc_n, uc_gmap_p None Used in user constraints. Coefficient of the EQ(l)_UCXXX
(uc_n,side,r,d atayear,p, [open]; Direct inheritance. activity variable
S) default value: none Weighted aggregation. VAR_ACT in a user
Default: i/fe: STD constraint.
UC_CAP uc_n, uc_gmap_p None Used in user constraints. Coefficient of the EQ(I)_UCXXX
(uc_n,side,r,datayea r,p [open]; activity variable
) default value: none VAR_CAP in a user
Default: i/fe: STD constraint.
UC_CLI Dimensionless Used in user constraints. Multiplier of climate EQ(I)_UCXXX
(uc_n,side,r,datayear, [open]; Climate variable can be at variable in user
item) default value: non e least any of CO2 -GTC, constraint
Default i/fe: STD CO2-ATM, CO2 -UP, CO2-
LO, FORCING, DELTA -ATM,
DELTA-LO (for carbon).
See Appendix on Climate
Module for details.
UC_COMCON uc_n, uc_gmap_c None Used in user constraints. Coefficient of the EQ(l)_UCXXX
(uc_n,side,r,datayear,c, [open]; No inheritance/aggregation commodity
S) default value: none (might be changed in the consumption variable
Default: i/fe: STD future). VAR_COMCON in a
user constraint.
UC_COMPRD uc_n, uc_gmap_c None Used in user constraints. Coefficient of the net | EQ(l)_UCXXX
(uc_n,side,r,datayear,c, [open]; No inheritance/aggregation commodity
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) default value: none (might be changed in the production variable
Default: i/fe: STD future). VAR_COMPRD in a
user constraint.
UC_CUMACT ACT_CUM Dimensionless Used in cumulative user Multiplier of EQ(l)_UC
(uc_n,r,p,yl,y2) [open]; constraints only. cumulative process EQ(l)_UCR
default value: none activity variab le in VAR_CUMFLO
I/e: N/JA user constraint.
UC_CUMCOM COM_CUMNET Dimensionless Used in cumulative user Multiplier of EQ(l)_UC
(uc_n,r,type,c,yl,y2) COM_CUMPRD [open]; constraints only. cumulative EQ(l)_UCR
default value: none Type=NET/PRD determines commodity variable in VAR_CUMCOM
I/e: N/A the variable referred to user constraint.
(CUMNET/ CUMPRD) .
UC_CUMFLO FLO_CUM Dimensionless Used in cumulative user Multiplier of EQ(l)_UC
(uc_n,r,p,c,yly2) [open]; constraints only. cumul ative process EQ(l)_UCR
default value: none flow variable in user VAR_CUMFLO
I/e: N/A constraint.
UC_FLO uc_n None Used in user constraints. Coefficient oft he flow | EQ(I)_UCXXX
(uc_n,side,r,datayear,p, [open]; Direct inheritance. VAR_FLO variable in a
C,S) default value: none Weighted aggregation. user constraint.
Default: i/fe: STD
UC_IRE uc_n None Used in user constraints. Coefficient of the EQ(I)_UCXXX
(uc_n,side,r,datayear,p, [open]; Direct inheritance. trade variable
C,S) default value: none Weighted aggregation. VAR_IRE in a user
Default: i/fe: STD constraint.
UC_NCAP uc_n, uc_gmap_p None Used in user constraints. Coefficient of the EQ(l)_UCXXX

(uc_n,side,r,datayear,p

)

[open];
default value: none
Default: i/fe: STD

activity variable
VAR_NCAP in a user
constraint.

UC_RHS
(uc_n,lim )

uc_n, uc_r_sum,
uc_t_sum,
uc_ts_sum

None

[open];

default value: none
Default i/e: none

Used in user constraints.
Binding user constraints
are defined using bound
types lim=UP/LO/FX.
Non-binding (free) user
constraints can be defined

RHS constant with
bound type of bd of a
user constraint.

RHS (right -hand side)
constant of a user
constraint, which is
summing over regions
(uc_r_sum), periods
(uc_t sum) and
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Input parameter
(Indexes) 23

Related sets /
parameters ?*

Units / Ranges &
Default values &
Default inter -

Instances %6
(Required / Omit / Special
conditions)

Description

Affected equations
or variables %7

/extrapolation 2
using the lim type lim=N. timeslices (uc_ts_sum)
(EQ(I)_UC).
UC_RHSR uc_n, uc _r_each, None Used in user constraints. RHS constant with RHS constant of user
(r,uc_n,lim ) uc_t_sum, [open]; bound type of bd of a constraints, which are
uc_ts_sum default value: none Binding user constraints user constraint. generated for each

Default i/fe: none are defined using bound
types lim=UP/LO/FX.
Non-binding (free) user
constraints can be defined

using the lim type lim=N.

specified region
(uc_r_each) and are
summing over periods
(uc_t_sum) and
timeslices (uc_ts_sum)
(EQ()_UCR).

UC_RHSRT uc_n, uc_r_each, None Used in user constraints. RHS constant with RHS constant of user

(r,uc_n,datayear,li m) uc_t_each, [open]; bound type of bd of a constraints, which are
uc_t_sucec, default value: none Binding user constraints user constraint. generated for each
uc_ts_sum Default ife: MIG are defined using  bound specified region

types lim=UP/LO/FX.

Non - binding (free) user
constraints can be defined
using the lim type lim=N.

(uc_r_each) and period
(uc_t_each) and are
summing over
timeslices (uc_ts_sum)
(EQ(l)_UCRT).

If uc_ t_succ instead of
uc_t_each is specified
the constraints will be
generated as dynamic
constraint between the
two successive periods
(EQ(l)_UCRSU).

UC_RHSRTS uc_n, uc_r_each, None Used in user constraints. RHS constant with RHS constant of user

(r,uc_n,datayear,s,lim ) |uc_t_each, [open]; No inheritance / bound type of bd of a constraints, which are
uc_t_sucec, default va lue: none aggregation, unless the user constraint. generated for each
uc_ts_each Default i/fe: MIG target timeslice level is specified region

specified by UC_TSL.
Direct inheritance, if the
target timeslice level is
specified by UC_TSL.

(uc_r_each),
(uc_t_each) and

timeslice (uc_ts_each)

(EQ(l)_UCRTS).
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Input parameter
(Indexes) 23

Related sets /
parameters ?*

Units / Ranges &
Default values &
Default inter -
/extrapolation

25

Instances %6

(Required / Omit / Special

conditions)

Description

Affected equations
or variables %7

Binding user constraints
are defined usi
types lim=UP/LO/FX.

Non-binding (free) user

constraints can be defined

using the lim type lim=N.

ng bound

If uc_t_succ instead of
uc_t_each is specified
the constraints will be
generated as dynamic
constraint between the
two successive periods
(EQ()_UCRSUS).

UC_RHST
(uc_n,datayear,lim

)

uc_n, uc_r_s um,
uc_t_each,
uc_t_succ,
uc_ts_sum

None

[open];

default value: none
Default ife: MIG

Used in user constraints.

Binding user constraints
are defined using bound
types lim=UP/LO/FX.

Non-binding (free) user

constraints can be defined

using the lim type lim

RHS constant with
bound type of bd of a
user constraint.

RHS constant of user
constraints, which are
generated for each
specified period
(uc_t_each) and are
summing over regions
(uc_r_sum) and
timeslices (uc_ts_sum)
(EQ()_UCT).

If uc_t_succ instead of
uc_t_each is specified
the constraints will be
generated as dynamic
constraint between the
two successive periods
(EQ()_ucsu).

UC_RHSTS
(uc_n,datayear,s,lim

)

uc_n, uc_r_sum,
uc_t_each,
uc_t_succ,
uc_ts_each

None

[open];

default value: none
Defaultife: MIG

Used in user constraints.
No
inheritance/aggregation.

Binding user constraints
are defined using bound
types lim=UP/LO/FX.

Non-binding (free) user

constraints can be defined

using the lim type lim=N.

RHS constant with
bound type of bd of a
user const raint.

RHS constant of user
constraints, which are
generated for each
specified period
(uc_t_each) and
timeslice (uc_ts_each)
and are summing over
regions (uc_r_sum)
(EQ(I)_UCTS).

If uc_t_succ instead of
uc_t_each is specified
the constraints will be
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Input parameter
(Indexes) 23

Related sets /
parameters ?*

Units / Ranges &
Default values &
Default inter -
/extrapolation 25

Instances %6
(Required / Omit / Special
conditions)

Description

Affected equations
or variables %7

gener ated as dynamic
constraint between the
two successive periods
(EQ(l)_UCsUSs).

UC_TIME Dimensionless Used in user constraints. Multiplier for the EQ(l)_UCXXX
(uc_n,r,datayear) [open]; Adds a time constant to the number of yearsin
default value: none RHS side. model periods (static
Default i/fe: STD UCs), or between
milestone years
(dynamic UCs)
UC_UCN UC_RHSRT Dimensionless Only taken into account if Multiplier of user EQ(l)_UCRSU
(uc_n,side,r,datayear, [open]; the user constraint is by constraint variable in VAR_UCRT
ucn) default value: none region & period, and another user
Default i/fe: STD summing over timeslices constraint.
and the RHS side is
activated (EQ(I) UCRSU).
VDA_EMCB FLO_EMIS Emission units per Available in the VEDA shell. Emissions (com) from EQ_PTRANS
(r,datayear,c,com) FLO_EFF flow units Any process -specific the combustion of

default value: none
Default ife: STD

FLO_EMIS / FLO_EFF with
the commodities ¢ and com
will override VDA EMCB.

commodity (c) in
region (r).
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3.2 Internal parameters

Table 14 gives an overview of internal parameters generated by the TIMES preprocessor. Similar to the description of the internal
sets, not all internal parameters used within TIMES are discussed. The list givaried4 focuses mainly on the parameters used in

the preparation and creation of the equations in Chapter 6. In addition to the internal parameters listed here, thepridé&Sqre
computes additional internal parameters which are either used oalxiiary parameters being valid only in a short section of the
code or which are introduced to improve the performance of the code regarding computational time.

Table 14: Internal parameters in TIMES

Internal Instances Description

parameter 3! (Required / Omit / Special

(Indexes) conditions)

ALPH For learning technologies teg when AXxis intercept on cumulative cost axis for description of linear

(r.kp,teg) ETL is used. equation valid for segment kp.

BETA For learning tech nologies teg when Slope of cumulative cost curve in segment kp ( = specific

(r.kp,teq) ETL is used. investment cost).

CCAPK For learning technologies teg when Cumulative capacity at kinkpoint kp.

(r.kp,teg) ETL is used.

CCOSTO(r,teq) For learning technologies teg w hen Initial cumulative cost of learning technology teg.

ETL is used.

CCOSTK For learning technologies teg when Cumulative investment cost at kinkpoint kp.

(r.kp,teq) ETL is used.

CCOSTM For learning technologies teg when Maximum cumu lative cost based on CCAPM.

(r,teq) ETL is used.

COEF_AF For each technology, at the level of Availability coefficient of the capacity (new investment variable

(r,v,t,p,s,bd) process operation (PRC_TSL). VAR_NCAP plus still existing past investments NCAP_PASTI) in
EQ(l)_CAPAC T; COEF_AF is derived from the availability input
parameters NCAP_AF, NCAP_AFA and NCAP_AFS taking into
account any specified MULTI or SHAPE multipliers.

31 The first row contains the parameter name, the second row contains in brackets the indexfdomhioh the parameter is

defined.
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Internal
parameter 3!
(Indexes)

Instances
(Required / Omit / Special
conditions)

Description

COEF_CPT
(r,v,t,p)

For each technology the amount of
an investment (VAR_NCAP) available
in the period

Fraction of capacity built in period v that is available in period t;
might be smaller than 1 due to NCAP_ILED in vintage period or
the fact that the lifetime ends within a period.

COEF_ICOM
(r,v,t,p,c)

Whenever there is a commodity
required during cons truction, the
consuming being taken from the
balance constraint (EQ(l)_COMBAL).
Applied to the investment variable
(VAR_NCAP) of period v in the
commodity balance (EQ(I)_COMBAL)
of period t.

The duration during which the
commodity is produced start
year B(v)+NCAP_ILED(v) i
NCAP_CLED(v) and end s in the year
B(v)+NCAP ILED(v) i 1.

s in the

Coefficient for commodity requirement during construction in
period t due to investment decision in period v (see also
NCAP_ICOM).

COEF_OCOM
(r,v,t,p,c)

Whenever there isa com  modity
released during deco mmissioning,
the production being added to the
balance constraint (EQ(I) _COMBAL).
Applied to the investment variable
(VAR_NCAP) of period v in the
commodity balance (EQ(I)_COMBAL)
of period t.

The release occurs during the
decomm issioning lifetime
NCAP_DLIFE.

Coefficient for commodity release during decommissioning time
in period t due to investment made in period v.

COEF_PTRAN
(r,v,t,p,cg,c,com_grp)

For each flow through a process.

Coefficient of flow variable of commodity ¢ bel onging to
commodity group cg in EQ_PTRANS equation between the
commodity groups cg and com_grp.

COEF_PVT
(r,t)

For each region, the present value of
the time in each period.

Coefficient for the present value of periods, used primarily for
undiscounting th e solution marginals.
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Internal Instances Description

parameter 3! (Required / Omit / Special

(Indexes) conditions)

COEF_RPTI For each technology whose technical Number of repeated investment of process p in period v when

(r,v,p) life (NCAP_TLIFE) is shorter than the the technical lifetime minus the construction time is shorter than

period. the pe riod duration; Rounded to the next largest integer
number.

COR_SALVD For each technology existing past Correction factor for decommissioning cos ts taking into account

(r,v,p,cur) the end of the modelling horizon technical discount rates and economic decommissioning times.

with decommissioning costs,
adjustment in the objective function.

COR_SALVI For each process extending past the Correction factor for investment costs taking into account

(r,v,p,cur) end of the modelling horizon technical discount rates, economic lifetimes and a user -defined

adjustment in the objective function. discount shift (triggered by the control switch MIDYEAR ( see
Section 6.2 EQ _OBJ).

D For each period, D(t) = E(t) T B(t)+1. Duration of period t.

(t)

DUR_MAX For the model. Maximum of NCAP_ILED + NCAP_TLIFE + NCAP_DLAG +
NCAP_DLIFE + NCAP_DELIF over all regions, periods and
processes.

M For each period, if the duration of Middle year of period t.

(v) the period is even, the middle year

of the period is B(t) + D(t)/2 [
the period is uneven, the middle
year is B(t) + D()/2 i 0.5.

MINYR For the model Minimum year over t = M(t) T D(t) +1; used in objective
function.

MIYR V1 For the model First year of model horizon.

MIYR_VL For the model Last year of model horizon.

NTCHTEG For learning technologies teg when Number of processes using the same key technology teg.

(r ,teg) ETL with technology clusters is used.

OBJ_ACOST For each process with activity costs. Inter -/Extrapolate d variable costs (ACT_COST) for activity

(r,y,p,cur) Enters the objective function variable (VAR_ACT) for each year.

(EQ_OBJVAR).

92




Internal Instances Description

parameter 3! (Required / Omit / Special

(Indexes) conditions)

OBJ_COMNT For each commodity with costs, Inter -/Extrapolated cost, tax and s ubsidy (distinguished by the

(r,y,c,s,type,cur)

taxes or subsidies on the net
production.

Enters the objective function
(EQ_OBJVAR).

type index) on net production of commodity (c) for each year
associated with the variable VAR_COMNET. Cost types (type) are
COST, TAX and SUB.

OBJ_COMPD

(r,y,c,s,type,cur)

For each commodity with costs,

taxes or subsidiesont he commodity
production.

Enters the objective function
(EQ_OBJVAR).

Inter -/Extrapolated cost, tax and subsidy (distinguished by the
type index) on production of commodity (c) for each year
associated with the variable VAR_COMPRD. Cost types (type) are
COST, TAX and SUB.

OBJ_CRF For each technology with investment Capital recovery factor of investment in technology p in objective
(r,y,p,cur) costs. function taking into account the economic lifetime (NCAP_ELIFE)
Enters objective function and th e technology specific discount rate (NCAP_DRATE) or, if
(EQ_OBJINV). the latter is not specified, the general discount rate (G_DRATE).
OBJ_CRFD For each technology with Capital recovery factoro  f decommissioning costs in technology p
(r,y,p,cur) decommissioning costs. taking into account the economic lifetime (NCAP_DELIF) and the
Enters objective function technology specific discount rate (NCAP_DRATE) or, if the latter
(EQ_OBJINV). is not specified, the general discount rate (G_DRATE).
OBJ_DCEOH Enters objecti ve function Discount factor for the year EOH + 1 based on the general
(r,cur) (EQ_OBJSALV). discount rate (G_DRATE).
OBJ _DCOST For each technology with Inter -/Extrapolated decommissioning ¢ osts (NCAP_DCOST) for
(r,y,p,cur) decommissioning costs. each year related to the investment (VAR_NCAP) of process p.
Enters objective function
(EQ_OBJINV).
OBJ_DISC Enters objective function Annual discount factor based on the general discount rate
(r,y,cur) (EQ_OBJINV, EQ_OBJVAR, (G_DRATE) t o discount costs in the year y to the base year
EQ_OBJFIX, EQ_OBJSALV, (G_DYEAR).
EQ OBJELS).
OBJ_DIVI Enters objective function Divisor for investment costs (period duration, technical lifetime
(r,v,p) (EQ_OBJINV). or investment lead time depending on the investment cases 1a,

1b, 2a, 2b).
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Internal Instances Description

parameter 3! (Required / Omit / Special

(Indexes) conditions)

OBJ_DIVIII Enters objective function Divisor for decommissioning costs and salvaging of

(r,v,p) (EQ_OBJINV). decommissioning costs (period duration, technical lifetime or
decommissioning time depending on the investment cases 1a,
1b, 2a, 2b).

OBJ_DIVIV Enters objective function Divisor for fixed operating and maintenance costs and salvaging

(r,v,p) (EQ_OBJFIX). of investment costs.

OBJ DLAGC Enters objective function Inter -/Extrapolated fixed capacity (VAR_NCAP+NCAP_PASTI)

(r,y,p,cur) (EQ_OBJFIX). costs between the end of the technical lifetime and the beginning
of the decommissioning for each year.

OBJ _FCOST For each flow variable with flow Inter -/Extrapolated flow costs (FLO_COST) f or each year for the

(r,y,p,c,s,cur)

related costs.
Enters objective function
(EQ_OBJVAR).

flow or trade variable (VAR_FLO, VAR_IRE) as well as capacity
related flows (specified by NCAP_COM, NCP_ICOM,
NCAP_OCOM).

OBJ_FDELV
(r,y,p,c,s,cur)

For each flow with delivery costs.
Enters objective function
(EQ_OBJVAR).

Inter -/Extra polated delivery costs (FLO_DELIV) for each year for
the flow or trade variable (VAR_FLO, VAR_IRE) as well as
capacity related flows (specified by NCAP_COM, NCP_ICOM,
NCAP_OCOM).

OoBJ_FOM For each process with fixed Inter -/Extrapolated fixed operating and maintenance costs
(r,y,p,cur) operating and maintenance co sts. (NCAP_FOM) for the installed capacity

Enters the objective function (VAR_NCAP+NCAP_PASTI) for each year.

(EQ_OBJFIX).
OBJ_FSB For each process with subsidy on Inter -/Extrapolated subsidy (NCAP_FSUB) on installed capacity
(r,y,p,cur) existing capacity. (VAR_NCAP+NCAP_PASTI) for each year.

Enters objective function

(EQ_OBJFIX).
OBJ_FSUB For each flow variable with subsidies. Inter -/Extrapola ted subsidy (FLO_SUB) for the flow or trade

(r,y,p,c,s,cur)

Enters objective function
(EQ_OBJVAR).

variable (VAR_FLO, VAR_IRE) for each year as well as capacity
related flows (specified by NCAP_COM, NCP_ICOM,
NCAP_OCOM).

OBJ_FTAX
(r,y,p,c,s,cur)

For each flow variable with taxes.
Enters objective function
(EQ_OBJVAR).

Inter -/Extrapolated tax (FLO_TAX) for flow or trade variable
(VAR_FLO, VAR_IRE) for each year as well as capacity related
flows (specified by NCAP_COM, NCP_ICOM, NCAP_OCOM).
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Internal Instances Description
parameter 3! (Required / Omit / Special
(Indexes) conditions)
OBJ_FTX For each process with taxes on Inter -/Extrapolated tax (NCAP_FTAX) on installed capacity
(r,y,p,cur) existing capacity. (VAR_NCAP+NCAP_PASTI) for each year.
Enters objective function
(EQ_OBJFIX).
OBJ_ICOST For each process with investment Inter -/Extrapolated i nvestment costs (NCAP_COST) for
(r,y,p,cur) costs. investment variable (VAR_NCAP) for each year.
Enters objective function
(EQ_OBJINV).
OBJ_IPRIC For each import/export flow with Inter -/Extrapolated import/export prices (IRE_P RICE) for

(ry,p,c,s,all_r,ie,cur)

prices assigned to it.
Enters objective function
(EQ_OBJVAR).

import/export variable (VAR_IRE) for each year.

OBJ_ISUB For each process with subsidy on Inter -/Extrapolated subsidy (NCAP_ISUB) on new capacity
(r,y,p,cur) new investment. (VAR_NCAP) for each year.

Enters objective function

(EQ_OBJINV).
OBJ_ITAX For each process with taxes on new Inter -/Extrapolated tax (NCAP_ITAX) on new capacity
(r,y,p,cur) investment. (VAR_NCAP) for each year.

Enters objective function

(EQ_OBJINV).
OBJ_PASTI Enters objective function Correction fac tor for past investments.
(r,v,p,cur) (EQ_OBJINV).
OBJ_PVT Used as a multiplier in objective Present value of time (in years) in period t, according to
(r,t,cun function in a few sparse cases. currency cur inregion r, discounted to the base year.
OBJSIC For learning technologies. Investment cost related salvage value of learning technology teg
(r,v,teg) Enters objective function with vintage period v at year EOH+1.

(EQ_OBJINV).
OBJSSC For processes with investment costs. Inve stment cost related salvage value of process p with vintage
(r,v,p,cur) Enters objective function period v at year EOH+1.

(EQ_OBJSALV).
PAT For learning technologies teg when Learning curve coefficient in the relationship:
(r,teqg) ETL is used. SC = PAT * VAR _CCAP~(_ -PBT).
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Internal Instances Description
parameter 3! (Required / Omit / Special
(Indexes) conditions)
PBT For learning technolo  gies teg when Learning curve exponent PBT(r,teg) =
(r,teg) ETL is used. LOG(PRAT(r,teq))/LOG(2).
PYR V1 For the model Minimum of pastyears and MINYR.
RS FR Defined for all commodities. Applied Fraction of timeslice s in timeslice ts, if s is below ts, otherwise
(r,s,ts) to flow variables in all equations in 1. In other words, RS_FR(r,s,ts) = G_YRFR(r,s) / G_YRFR(r,ts),
order to take into acc  ount cases if sis below ts, and otherwise 1.
where the variables may be defined
at a different timeslice level than the
level of the equation.
RS_STG Mainly applied for the modelling of Lead from previous timeslice in the same cycle under the parent
(r,s) storace cycles, but also in timeslice.
dispatching equations.
RS_STGAV Only applicable to storage processes Average residence time of storage activity.
(r,s) (STG): timeslice storage devices, to
calculate activity costs in proportion
to the time the commodity is stored.
RS_STGPRD Only applicable to storage processes Number of storage periods in a year for each timeslice.
(r,s) (STG): timeslice storage, inter -
period storage or n  ight storage
devices.
RS_UCS Applied in timeslice  -dynamic user Lead from previous timeslice in the same cycle under t he parent
(r,s,side) constraints, to refer to the previous timeslice.
timeslice in the same cycle.
RTP_FFCX The efficiency parameter Average SHAPE multiplier of the parameter FLO_FUNC and
(r,v,t,p,cq,c,cq) COEF_PTRAN is multiplied by the FLO_SUM efficiencies in the EQ_PTRANS equation in the period

factor (1+RTP_FFCX).
Enters EQ_PTRANS equation.

(t) for capacity with vintage period (v). The SHAPE curve that
should be used is specified by the user parameter FLO_FUNCX.

The SHAPE feature allows to alter technical parameter given for

the vintage period as a function of the age of the ins tallation.
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Internal Instances Description
parameter 3! (Required / Omit / Special
(Indexes) conditions)
RTCS_TSFR Defined for each commodity with The effective handling of timeslice aggregation/disaggregation. If
(r.t,c,s,ts) COM_FR. Applied to flow variables ts is below s in the timeslice tree, the value is 1, if s is below ts
in all equations in order to take into the value is COM_FR(r,s) / COM_FR(r,ts) for demand
account cases where some of the commodities with COM_FR given and G_YRFR(r,s) /
variables may be defined at a G_YRFR(r,ts) fo r all other commodities.
different timeslice level than the The parameter is used to match the timeslice resolution of flow
level of the equat ion. variables (VAR_FLO/VAR_IRE) and commodities. RTCS_TSFR is the
coefficient of the flow variable, which is producing or consuming
commodity ¢, in the commaodity balance o f c. If timeslice s corresponds
to the commodity timeslice resolution of ¢ and timeslice ts to the
timeslice resolution of the flow variable two cases may occur:
The flow variables are on a finer timeslice level than the commodity
balance: in this case the flow variables with timeslices s being below ts
in the timeslice tree are summed to give the aggregated flow within
timeslice ts. RTCS_TSFR has the value 1.
The flow variables are on coarser timeslice level than the commodity
balance: in this case the flo w variable is split -up on the finer timeslice
level of the commaodity balance according to the ratio of the timeslice
duration of s to ts: RTCS_TSFR has the value = COM_FR(r,s) /
COM_FR(r,s1) for demand commodities and G_YRFR(r,s) /
G_YRFR(r,s1) otherwise. = When COM_FR is used, the demand load curve
is moved to the demand process. Thus, it is possible to model demand
processes on an ANNUAL level and ensure at the same time that the
process follows the given load curve COM_FR.
SALV_DEC For those technologies with salvage Salvage proportion of decommissioning costs made at period v
(r,v,p,k,IN) costs incurred after the model with commissioning year k.
horizon the contribution to the
objective function.
SALV_INV For those technologies with salvage Salvage proportion of investment made at period v with
(r,v,p,k) costs incurred after the model commissioning year k.
horizon the contribution to the
objective function.
YEARVAL A value for each year. Numerical value of year index (e.g. YEARVAL('1984") equals
(y) 1984 ).
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3.3 Report parameters
3.3.1 Overview of report parameters

The parameters generated internally by TIMES to document the results of a model run areTslbdellih These parameters can be
imported into th&/EDA-BE tool for further resulanalysis. They are converted out of @BX3?file via thegdx2vedaGAMS utility
into a VEDA-BE compatible format according to the filenes2veda.vdd®. Note that some of the results are not transferred into
parameters, but are directly accessed thronghimes2veda.vddfile (levels of commodity balances and peaking equation, total
discounted value of objective function). The following naming conventions apply to the prefixes of the report parameters:

1 CST_: detailed annual undiscounted cost parametet® that also the costs of past investments, which are constants in the

objective function, are being reported,;

1 PAR_: various primal and dual solution parameters;

1 EQ()_: directly accessed GAMS equation levels/marginals

1 REG_: regional total cost indicatars

Table 15. Report parameters in TIMES

Report VEDA -BE Description

parameter 3 | attribute

(Indexes) name

AGG_OUT VAR_FOut Commodity production by an aggregation process:

(rtc,s) Production of commaodity (c) in period (t) and timesli ce (s) from other commodities aggregated into c.
CAP_NEW Cap_New Newly installed capacity and lumpsum investment by vintage and commissioning period:

(r,v,p,t,uc_n) New capacity and lumpsum investment of process (p) of vintage (v) commissioned in period ( t).
CM_RESULT VAR_Climate Climate module results for the levels of climate variable (c) in period (t).

(c.t)

32 GDX stands for GAMS Data Exchange. A GDX file is a binary file that stores the values of one or more GAMS symbols such
as sets, parameters variables and equations. GDX files can be used to prepare data for a GAMBes®wd results of a GAMS
model, store results of the same model using different parameters etc. They do not store a model formulation or eatoutiie st

33 The use of thgdx2vedatool together with théimes2veda.vddcontrol file and th&/EDA -BE software are described in Part V.

34 First row: parameter name; second row (in brackets): the index domain, for which the parameter is defined.
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Report VEDA -BE Description

parameter 3 | attribute

(Indexes) name

CM_MAXC_M Dual_Clic Climate module results for the duals of constraint related to climate variable (c) in period (t).

(c.t)

CST_ACTC Cost_Act Annual activity costs:

(rv,t,p,uc _n) Annual undiscounted variable costs (caused by ACT_COST) in period (t) associated with the operation
(activity) of a process (p) with vintage period (v). Additional indicator (uc_n) for start -up costs.

CST_COMC Cost_Com Annual commodity costs:

(r,t,c) Annual undiscounted costs for commodity (c) (caused by COM_CSTNET and COM_CSTPRD) in period (t).

CST_COME Cost_Els Annual elastic demand cost term:

(r,t,c) Annual costs (losses) due to elastic demand changes of commodity (c ). When elastic demands are used the
objective function describes the total surplus of producers and consumers, which reaches its maximum in
the equilibrium of demand and supply.

CST_COMX Cost_Comx Annual commodity taxes/subsidies:

(r.t,c) Annual undiscou nted taxes and subsidies for commodity (c) (caused by COM_TAXNET, COM_SUBNET,
COM_TAXPRD, COM_SUBPRD) in period (t).

CST_DAM Cost_Dam Annual damage cost term:

(rtc) Annual undiscounted commodity (c) related costs, caused by DAM_COST, in period (t).

CST_DECC Cost_Dec Annual decommissioning costs:

(r,v.t,p) Annual undiscounted decommissioning costs (caused by NCAP_DCOST and NCAP_DLAGC) in period (1),
associated with the dismantling of process (p) with vintage period (v).

CST_FIXC Cost_Fom Annua | fixed operating and maintenance costs:

(r,v,t,p) Annual undiscounted fixed operating and maintenance costs (caused by NCAP_FOM) in period (t)
associated with the installed capacity of process (p) with vintage period (v).

CST_FIXX Cost_Fixx Annual fixed taxes/subsidies:

(r,v,t,p) Annual undiscounted fixed operating and maintenance costs (caused by NCAP_FTAX, NCAP_FSUB) in
period (t) associated with the installed capacity of process (p) with vintage period (v).

CST_FLOC Cost_Flo Annual flow costs (inclu  ding import/export prices):

(r,v,t,p,c) Annual undiscounted flow related costs (caused by FLO_COST, FLO_DELYV, IRE_PRICE) in period (t)
associated with a commodity (c) flow in/out of a process (p) with vintage period (v) as well as capacity
related commodity flows (spe cified by NCAP_COM, NCAP_ICOM, NCAP_OCOM).

CST_FLOX Cost_Flox Annual flow taxes/subsidies:

(r,v,t,p,c) Annual undiscounted flow related costs (caused by FLO_TAX, FLO_SUB) in period (t) associated with a
commodity (c) flow in/out of a process (p) with vint age period (v) as well as capacity related commodity
flows (specified by NCAP_COM, NCAP_ICOM, NCAP_OCOM).

CST_INVC Cost_Inv Annual investment costs:

(r,v,t,p,uc_n) Annual undiscounted investment costs (caused by NCAP_COST) in period (t) spread over the ec onomic
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(Indexes) name
lifetime (NCAP_ELIFE) of a process (p) with vintage period (v).

CST_INVX Cost_Invx Annual investment taxes/subsidies:

(r,v,t,p,uc_n) Annual undiscounted investment costs (caused by NCAP_ITAX, NCAP_ISUB) in period (t) spread over the
economic lifeti  me (NCAP_ELIFE) of a process (p) with vintage period (v).

CST_IREC Cost_ire Annual implied costs of endogenous trade:

(r,v,t,p,c) Annual undiscounted costs from endogenous imports/exports of commaodity (c) in period (t) associated with
pro cess (p) and vint _age period (v), valued according to the marginal (s) of the trade equation of process p.

CST_PVC Cost_NPV Total discounted costs by commodity (optional):

(uc_n,r,c) Total present value of commodity -related costs in the base year, by type (with types COM, ELS, DAM). See
Part Ill, Section 3.10 on the reporting options ,and Table 16 below for acronym explanations.

CST_PVP Cost_NPV Total discounted costs by process (optional):

(uc_n,r,p) Total present value of process  -related costsi n the base year, by type (with types INV, INV+, FIX, ACT,
FLO, IRE, where INV+is only used forthe split according to hurdle rate). See Part Ill, Section 3.10 on the
reporting options , and Table 16 below for acronym explanations.

CST_SALV Cost_Salv Salvage values of capacities at EOH+1:

(r,v,p) Salvage value of investment cost, taxes and subsidies of process (p) with vintage period (v), for which the
technical lifetime exceeds the end of the model horizon, value at year EOH+1.

CST_TIME Time_NPV Discounted value of time by period:

(r,t,s,uc_n) Present value of the time in each model period (t) by region (r), with s='ANNUAL' and
uc_n='COST'/'LEVCOST' depending on whether the $SET ANNCOST LEYV reporting option has been used.

EQ_PEAK.L EQ Peak Peaking Constraint Slack:

(rtc,s) Level of the peaking equation (EQ PEAK) of commaodity (c) in period (t) and timeslice (s).

EQE_COMBAL.L |EQ_Combal Commodity Slack/Levels:

(rt,c,s) Level of the commodity balance equation (EQE_COMBAL) of commo dity (c) in period (t) and timeslice (s) ,
where the equation is a strict equality

EQG_COMBAL.L |EQ_Combal Commodity Slack/Levels:

(rt,c,s) Level of the commodity balance equation (EQG_COMBAL) of commodity (c) in period (t) and timeslice (s) ,
where the eq uation is an inequality

F_IN VAR_FIn Commaodity Consumption by Process:

(r,v,t,p,c,s) Input flow (consumption) of commodity (c) in period (t) and timeslice (s) into process (p) with vintage
period (v), including exchange processes.

F_OouT VAR_FOut Commodity Production by Process:

(r,v,t,p,c,s) Output flow (production) of commodity (c) in period (t) and timeslice (s) into process (p) with vintage
period (v), including exchange processes.

OBJZ.L Objz Total discounted system cost:
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0 Level of the ObjZ variab  le, equal to the value of the objective function.
PAR_ACTL VAR_Act Process Activity:
(r,v,t,p,s) Level value of activity vari able (VAR_ACT) in period (1), timeslice (s) of process (p) in vintage period (v).
PAR_ACTM VAR_ActM Process Activity 1 Marginals:
(r,v,t,p,s) Undiscounted annual reduced costs of activity variable (VAR_ACT) in period (t) and timeslice (s) of process
(p) with vintage period (v); when the variable is at its lower (upper) bound , the reduced cost describe s the
increase (decrease) in  the obj ective function caused by an increase of the lower (upper) bound by one unit;
the reduc ed cost can also be interpret  ed as the necessary decrease or increase of the cost coefficient of the
activity variable in the objective function, for the activity va riable to leave its lower (upper) bound.
PAR_CAPL VAR_Cap Technology Capacity:
(r,t,p) Capacity of process (p) in period (t), derived from VAR_NCAP in previous periods summed over all vintage
periods. For still existing past investments, see PAR_PASTI.
PAR_CAPLO PAR_CapLO Capacity Lower Limit:
(r,t,p) Lower bound on capacity variable (CAP BND(6LO0B)), only
PAR_CAPM VAR_CapM Technology Capacity i Marginals:
(r,t,p) Undiscounted reduced costs of capacity va riable (VAR_CAP); only reported in those cases, in which the
capacity variable is generated (bound CAP_BND specified or endogenous technology learning is used); the
reduced costs describe in the case, that the capacity variable is at its lower (upper) boun d, the cost
increase (decrease) of the objective function caused by an increase of the lower (upper) bound by one unit.
The reduced cost is undiscounted with COEF_PVT.
PAR_CAPUP PAR_CapUP Capacity Upper Limit:
(r,t,p) Upper bound on capacity variable (CAP_BND( 6UP®B) ), orflugperboum éssmabedthan infinity.
PAR_COMBALEM | EQ_CombalM Commodity Slack/Levels 7 Marginals:
(rt,c,s) Undiscounted annual shadow price of commodity balance (EQE_COMBAL) being a strict equality. The
marginal value descr ibes the cost increase in the objective function, if the difference between production
and consumption is increased by one unit. The marginal value can be determined by the production side
(increasing production), but can also be set by the demand side (e. g., decrease of consumption by energy
saving or substitution measures).
PAR_COMBALGM | EQ_CombalM Commodity Slack/Levels T Marginals:

(r,t,c,s)

Undiscounted annual shadow price of commodity balance (EQG_COMBAL) being an inequality (production
being greater than or equal to consumption); positive number, if production equals consumption; the
marginal value describes the cost increase in the objective function, if the difference between production

and consumption is increased by one unit. The marginal value ca n be determined by the production side
(increasing production), but can also be set by the demand side (e.g., decrease of consumption by energy

saving or substitution measures).
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PAR_COMNETL |VAR_Comnet Commodity Net:

(r.t,c,s)

Level value of the variable ¢ orresponding the net level of a commodity (c) (VAR_COMNET). The net level of
a commodity is equivalent to the total production minus total consumption of said commodity. It is only
reported, if a bound or cost is specified for it or it is used in a user co nstraint.

PAR_COMNETM
(rt,c,s)

VAR_ComnetM

Commodity Net 7 Marginal:
Undiscounted annual reduced costs of the VAR_COMNET variable of commodity (c). It is only reported, if a
bound or costis specified for it or it is used in a user constraint.

PAR_COMPRDL
(r.t,c,s)

VAR_Comprd

Commodity Total Production:

Level value of the commodity production variable (VAR
production of a commodity. It is only reported, if a bound
constraint.

_COMPRD). The variable represents the total
or cost is specified for it or it is used ina u ser

PAR_COMPRDM
(r.t,c,s)

VAR_ComprdM

Commaodity Total Production I Marginal:
Undiscounted annual reduced costs of the commodity production variable (VAR_COMPRD). It is only
reported, if a bound or cost is specified for it or it is used in a us er constraint.

PAR_CUMCST VAR_CumCst Cumulative costs by type (if constrained);

(rv,t,uc_n,c) Level of cumulative constraint for costs of type (uc_n) and currency (c) in region ().

PAR_CUMFLOL EQ_Cumflo Cumulative flow constraint i Levels:

(r,p,c,v,b) Level of cumulative constraint for flow of commaodity (c) of process (p) between the year range (v Tt).

PAR_CUMFLOM | EQ_CumfloM Cumulative flow constraint I Marginals:

(r,p.c,v,b) Shadow price of cumulative constraint for flow of commodity (c) of process (p) between the year range (v
t). Not undi scounted.

PAR_EOUT VAR_Eout Electricity supply by technology and energy source (optional) :

(r,v,t,p,c) Electricity output of electricity supply processes by energy source; based on using NRG_TMAP to identify
electric ity commodities, but excludes standard and storage processes having electricity as input.
(Opted out by default i set RPT_OPT('FLO','5")=1 to activate ; see Part lll, Section 3.10 ).

PAR_FLO see: Flow of commaodity (c) entering or le aving process (p) with vintage period (v) in period (t).

(r,v,t,p,c,s) F_IN/F_OUT

PAR_FLO none Discounted reduced costs of flow variable of commaodity (c) in period (t) of process (p) with vintage period

(r,v.t,p,c,s) (v); the reduced costs describe that the flow variable is at it s lower (upper) bound, and give the cost
increase (decrease) of the objective function caused by an increase of the lower (upper) bound by one
unit; the undiscounted reduced costs can be interpreted as the necessary decrease / increase of the cost
coeffici ent of the flow variable, such that the flow will leave its lower (upper) bound.

PAR_IRE see: Inter -regional exchange flow of commodity (c) in period (t) via exchange process (p) entering region (r) as

(rv,t,p,c,s,ie) F_IN/F_OUT i mport (ie=0IliMR0b)r eogri olnea(vr) as export (ie=06EXPJH).

PAR_IREM none Discounted reduced costs of inter -regional exchange flow variable of commodity (c) in period (t) of
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(r,v,t,p,c,s,ie) exchange process (p) with vintage period (v); the reduced costs describe that the flow variable is at its
lower (upper) bound, and give the cost increase (or decrease) of the objective function caused by an
increase of the lower (upper bound) by one unit; the undiscounted reduced costs can be interpreted as the
necessary decrease / increase of the cost coefficient of the flow variable in the objective function, such that
the flow will leave its lower (upper) bound.

PAR_IPRIC EQ_IreM Inter -regional trade equations T Marginals:

(r,t,p,c,s,uc_n) Undiscounted shadow price of the inter -regional t rade equation of commodity (c) via exchange process (p)
in period (t) and timeslice (s). The undiscounted shadow price can be interpreted as the import/export
price of the traded commodity. Note: uch={IMP/EXP}.

PAR_NCAPL VAR_Ncap Technology Invest ment i New capacity:

(r,t,p) Level value of investment variable (VAR_NCAP) of process (p) in period (v).

PAR_NCAPM VAR_NcapM Technology Investment i Marginals:

(r,t,p) Undiscounted reduced costs of investment variable (VAR_NCAP) of process (p); only reported, whe n the
capacity variable is at its lower or upper bound; the reduced costs describe in the case, that the investment
variable is at its lower (upper) bound, the cost increase (decrease) of the objective function caused by an
increase of the lower (upper) bo und by one unit; the undiscounted reduced costs can be interpreted as the
necessary decrease / increase in the investment cost coefficient, such that the investment variable will
leave its lower (upper) bound.

PAR_NCAPR VAR_NcapR Technology | nvestment i BenCost + ObjRange (see Part Ill, Section 3.10 for more details)

(r,t,p,uc_n) Cost-benefit and ranging indicators for process (p) in period (t), where uc_n is the name of the indicator:

A COST - the total unit costs of VAR_NCAP (in terms of an equivalent i nvestment cost)

A CGAP - competitiveness gap (in terms of investment costs), obtained directly from the VAR_NCAP
marginals (and optional ranging information)

A GGAP - competitiveness gap (in terms of investment costs), obtained by checking also the VAR_ACT ,
VAR_FLO and VAR_CAP marginals, in case VAR_NCAP is basic at zero

A RATIO - benefit/ cost ratio, based on CGAP

A GRATIO - benefit / cost ratio, based on GGAP

A RNGLO - ranging information (LO) for VAR_NCAP ( if ranging is activated; in terms of investment costs)

A RNGUP - ranging information (UP) for VAR_NCAP ( if ranging is activated; in terms of investment costs)

PAR_PASTI VAR_Cap Technology Capacity:

(r,t,p,v) Residual capacity of past investments (NCAP_PAST]I) of process (p) still existing in period (t) , Where
vintage (v) is set to '0' to distinguish residual capacity from new capacity.

PAR_PEAKM EQ_PeakM Peaking Constraint Slack 1 Marginals:

(rt,c,s) Undiscounted annual shadow price of peaking equation (EQ_PEAK) associated with commodity (c); since

th e peaking equation is at most only binding for one timeslice (s), a shadow price only exists for one
timeslice. Th e shadow price can be interpre ted as an additional premium to the shadow price of the
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commodity balance  that consumers of commodity (c) have t o pay for consumption during peak times .The
premium is used (besides other sources) to cover the capacity related costs (e.g., investment costs) of
capacity contributing reserve capacity during peak times.

PAR_TOP PAR_Top Process topology:

(r,t,p,c,uc_n) Process topology indicators for reporting use. Values are all zero, period (t) is the first milestone year, and
uc n=IN/OUT. (Optedoutbydefault i SET RPT_TOP YES to activate .)

PAR_UCMRK User_conFXM Marginal cost of user constraint:

(r,t,uc_n,c,s) Undiscounted shadow price of group -wise market share constraint (defined with PRC_MARK) for commodity
¢, identified with name uc_n, in period t and timeslice s.

PAR_UCRTP User_DynbM Marginal cost of dynamic process bound constraint:

(uc_n,r.t,p,c) Undiscoun ted shadow price of dynamic process -wise bound constraint, identified with name uc_n, for
variable ¢ (CAP / NCAP / ACT), in period t and timeslice s.

PAR_UCSL User_con Level of user constraint ~ (or its slack ) (only reported when the VAR_UC var iables are used)

(uc_n,rt,s) The | evel of user constraint (uc_n) by region (r), per iod (t) and timeslice (s). The levels should be zero
whenever the RHS constant is zero and the equation is binding . If the constraintis  not binding, the level
together with the RHS  constant gives the gap for the equation to become binding.

PAR_UCSM User_conFXM Marginal cost of fixed bound user constraint

(uc_n,r.t,s) Marginal of user constraint (uc_n) by region (r), period (t) and timeslice (s). The marginals are
undiscounted, if the  constraint is defined by region and period. The marginals of cumulative and multi -
region user constraints are thus not undiscounted, due to ambiguity.

REG_ACOST Reg_ACost Regional total annualized costs by period:

(r,t,uc_n) Total annualized costs inregi  on (r) by period (t) and cost category. The cost categories are INV, INVX, FIX,
FIXX, VAR, VARX, IRE, ELS and DAM ( see Table 16 below for more information).

REG_IREC Reg_irec Regional total discounted implied trade cost:

n Tota | discounted implied trade costs in region (r), derived by multiplying the shadow prices of the trade
equations by the trade volumes. The sum of REG_IREC over regions is zero.

REG_OBJ Reg_obj Regional total discounted system cost:

(N Discounted objective  value (EQ _OBJ) for each region ().

REG_WOBJ Reg_wobj Regional total discounted system cost by component:

(r,uc_n,c) Discounted objective value (EQ_OBJ) for each region (r), by cost type (uc_n) and currency (c). The cost
types are: INV, INVX, FIX, FIXX, VAR, VARX, ELS, DAM (see Table 16 below for more information).

VAL_FLO Val_Flo Annual commodity flow values:

(r,v,t,p,c) Flows of process (p) multiplied by the commaodity balance marginals of those commaodities (c) in period ( t);

the values can be interpre  ted as the market values of the process inputs and outputs.
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3.3.2 Acronyms used in cost reportingparameters
The acronyms used in the reporting parameters for referring to certain types of costs are

summarized irTable16. The acronyms are used as qualifiers inuben index of each
reporting attribute, and are accessible in VEBE through that same dimension.

Table 16 Acronyms used inthe cost reporting parameters.

Cost
Component acronyms
parameter
CST_PVC Total discounted costs by commaodity (optional):
(uc_n,r,c) COM Commodity -related costs, taxes and subsidies
ELS Losses in elastic demands
DAM  Damage costs
CST_PVP Total discounted costs by process (optional):
(uc_n,r,p) INV In vestment costs, taxes and subsidies , excluding portions
attributable to hurdle rates in excess of the general discount rate
INV+  Investment costs, taxes and subsidies, portions attributable to
hurdle rate s in exce ss of the general discount rate
FIX Fixed c osts, taxes and subsidies
ACT  Activity costs
FLO Flows costs taxes and subsidies (including exogenous IRE prices)
IRE Implied trade costs  minus revenues
REG_ACOST Regional total annualized costs by period:
(r,t,uc_n) INV Annualized investment costs
INVX  Annualized investment taxes and subsidies
FIX Annual fixed costs
FIXX  Annual fixed taxes and subsidies
VAR  Annual variable costs
VARX Annual variable taxes and subsidies
IRE Annual implied trade costs minus revenues
ELS Annual losses in elastic demands
DAM  Annual damage costs
REG_WOBJ Regional total discounted system cost by component:
(r,uc_n,c) INV Investment costs
INVX  Investment taxes and subsidies
FIX Fixed costs
FIXX  Fixed taxes and subsidies
VAR Variable costs
VARX Variable taxes and subsidies
ELS Losses in elastic demands
DAM  Damage costs

3.3.3 The levelized cost reporting option

As indicated inTable15 above, the reporting oéVelized costs for each process can be
requested by setting the optiBRT_OPT(NCAP', '1' ). The reslts are stored in the VEDA
BE Var_NcapR result attribute, with the qualifietEVCOST' (with a possible system label
prefix).

Thelevelized cost calculation option looks to weight all the costs influencing the choice
of a technology by TIMES. It takes mtonsideration investment, operating, fuel, and other
costs as a means of comparing the full cost associated with each technology.
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Levelized cost can be calculated according to the following general formula:

AR (oS OG +VG +éiFCi,t +FD;; +a i ED;, ] akBDk,t

+
LEC — =1 (1+r)t-1 (1+r)t-0.5 (1+r)t-0.5
é a MOy, 1)
= (L+1)00°
where

1 r = discount rate (e.g. 5%)

1 ICt = investment expenditure in (the beginning of) ytear

1 OG = fixed operating expenditure in ydar

1 VG = variable operating expenditure in yéar

1 FCit = fuelspecific operating expenditure for fueh yeart

1 FDit = fuelspecific acquisition expenditure for fuah yeart

1 ED;t = emissiorspecific allowance expenditure for emissjon yeart (optional)
1 BD« = revenues from bproductk in yeart (optional; see below)

1 MOmt = output of main produchin yeart

The exponentti 0.5 in the formula indicates the good practice of using -y&dr
discounting for continuous streams of annual expenditures.

In TIMES, the specific investment, fixed and variable O&M costs anddjpetific
flow costs are calculated directlyoim the input data. However, for the fuel acquisition
prices, emission prices and -pyoduct prices,commodity marginalsfrom the model
solution are used. All the unit costs are multiplied by the corresponrdnigple levelsas
given by the model solutiomvestment cost and fixed operating costs are multiplied by the
amounts of capacity installed / existing, variable operation costs by the activity levels, and
fuel-specific costs by the process flow levels. M&hr discounting can also be activated.

The outputs of the main products are taken from the flow levels of the commodities in
the primary group (PG) of the process. An exception is CHP processes, for which the elec
tricity output is considered the sole main output, and heat is considered-asoallst.

Options for variants of levelized cost reporting:

1. Do not include emission prices or-pyoduct revenues in the calculation

(RPT_OPT(6NCAIPY, 616) =

In this option emission prices are omitted from the calculation, in accordance
with the most comnonly used convention for LEC calculation. Consequently, any
by-product revenues need to be omitted as well, because if emissions have prices,
the byproduct prices in the solution would of course be polluted by those prices,
and thus it would be inconsgsit to use them in the calation. Instead, in this case
any amount of byroduct energy produced by ELE, CHP and HPL processes is
indirectly credited by reducing the fugpecific costs in the calculation to the
fraction of the main output in the totanount of energy produced.
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2. Include both emission prices and-psoduct revenues in the calculation
(RPT_OPT(O6NCAPG6, 06106) = 1
In this option both emission prices andmpduct revenues are included in the
calculation. The levelized cost thus represehts unit cost after subtracting the
levelized value of all byproducts from the gross value of the levelized cost. This
approach of crediting for bgroducts in the LEC calculation has been utilized, for
example, in the IEA°rojected Costs of GeneratindeEtricity studies.

3. Include not only emission prices andproduct revenues, but also the revenues
from the main product in the calculati®P T _OPT( 6 NCAPG6, 616) = 2
This option is similar to option (2) above, but in this case all product revenues
are ncluded in the calculation, including also the peak capacity credit from the
TIMES peaking equation (when defined). The calculated LEC value thus represents
the levelizednet unit cost after subtracting the value of all products from the gross
levelized cast. For competitive new capacity vintages, the resulting levelized cost
should in this case generaldg negative because investments into technologies that
enter the solution are normally profitable. For the marginal technologies the
levelized cost canébexpected to be very close to zero. Only those technologies that
have been in some way forced into the solution, e.g. by specifying lower bounds on
the capacity or by some other types of constraints, should normally have a positive
levelized cost when usg this option.

In the TIMES calculation, the expenditures for technology investments and process
commodity flows include also taxes minus subsidies, if such have been specified. The
levelized costs are calculated by process vintage, but only for newityapatagesas for
them both thdull cost data influencing technology choiaed the operating history starting
from the commissioning date aaeailable which is rarely the case for existing vintages
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4 Usage notes on special types of processes

4.1 Combined heat and power
4.1.1 Overview

Cogenerationpower plants or combined heat and power plants (CHP) are plants that
consume one or more commodities and produce two commodities, electricity and heat. One
can distinguish two different types of cogeneration paul@nts according to the flexibility

of the outputs, a bagiressure turbine process and a gagsturbine process.

Backpressure turbines are systems where the ratio of heat production to electricity
production is fixed, and the electricity generatiertherefore directly proportional to the
heat generation. Passit turbines are systems where the ratio of heat production to
electricity production is flexible, usually having a minimum value of zero and a maximum
value usually in the range of 0.8 (butcan be even smaller or larger).

However, both types of CHP systems often additionally suppecaked reduction
operation, where the turbine can begassed, whereby all the steam is directed to a heat
exchanger for producing heat. As a result, in ekigmessure turbine system, the ratio of
heat production to electricity production may in such systems vary from the fixed value to
infinity, and in a passut turbine system it may vary from zero to infinity.

All these different cases are illustratedFigure10 below, which shows the relations
between heat and electricity production in different modes of a flexible CHP system, of
which the backpressure turbine system is a special case. Taking into account that thermal
power pants usually have a minimum stable operation level, the operating area of the fixed
backpressure turbine system is represented by the |inE B the Figure. The
corresponding operating area of a pagsturbine system (without reduction operation) is
represented by the polygoni Bi Fi E. In some cases the turbine characteristics require a
minimum level of heat production in proportion to electricity, and with such a constraint
the feasible operating area is reduced it®di E. Finally, with a reduction agation the
feasible operating area is expanded to the polygdoDiE€ HIGIiE in the Figure.
Similarly, the operating area of a bagkessure turbine system with a reduction operation
capability would be expanded té EH Hi G.

Denoting the electrical efficiegdn the full condensing mode (point B) by, the total
efficiency in the full CHP mode (point F) lij¢ , the heato-power ratio (inverse slope of
line B'F) by R, and the slope of the idael line (B'F) by S we can easily write the
relations betweerhese as follows:

_h.3(1+Re )

° 1+R)
h:hB3(1+R)
F 1+R3S
S:hBS(l+R)_hF
h.3 R

The core TIMES parameters for modeling the CHP attributes are listedblial?.
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Table 17: Core TIMES parameters related to the nodelling of CHP processes.

Attribute name Description

ACT EFF Efficiency: amount of activity produced by 1 unit of input flow
ACT_MINLD Minimum stable level of operation

NCAP_CHPR Heat -to - power ratio *

NCAP_CEH Coefficient of electricity to heat *

NCAP_CDME Efficiency in full condensing mode

NCAP_ BPME Efficiency in back -pressure mode (full CHP mode) *
Hgﬁ:;:’::ié/ Bound on the annual utilization factor

* Only taken into account for processes defined to be of type CHP with the set

prc_map

4.1.2 Defining CHP attributes in TIMES

4.1.2.1 Backpressure turbine systems

For modelling a fixed bacgressure turbine system in TIMES, the following approach is

recommended:

1 Define the PCG of the prose to consist of both the electricity and heat output

commodities (using the sptc_actunt);

)l
)l

Define the process type to be CHP (using thesetmap);
Use the electrical output as the basis of the process activity, and choose the

capacity unit accordingl(using the parameter PRC_CAPACT).
1 Define the process electrical efficiency (by using the parameter ACT_EFF);

06
Condensing mode efficiency: 43%
Heat-to-power ratio in BP mode: 1.5
Inverse Slope of iso-fuel line: -7.0
05 v
= uel inp Full CHP
- £ . of
- 04 . D 1Ty mode
= ' F
£ '
3 .
03+ '
2 + Min.
g 'CHPR= )
E o2 1 Reduction
] operation
A
01+
e
p e
H G H
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Heat output (TJ)

Figure 10: lllustration of basic CHP characteristics supported in TIMES.
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1 Define the process cost parameters accordingly; for example, specify the
investment and fixed O&M costs per electrical capacity;

Define the fixedcheatto-power ratio (using the parameter NCAP_CHPR);
Optionally, define also a maximum annual utilization factor considering the
typical optimal sizing of CHP plants in proportion to the heat demand in the
heat network represented (using the parameteARNG@FA);

1 Optionally, define a minimum stabtgperation level (using ACT_MINLP

E |

All the input data specifications mentioned above should be quite straightforward. Note
that the NCAP_CEH parameter is not needed at all in the fixed turbine case.

For backpressure turbine technologies that have a reduction operation capability, one
can enable the reduction option by adding to the process a third output of a dummy
commodity, which is of type NRG and has a limit type 'N', and is also a member of the
PCG. The mdel generator will automatically assign such a dummy output to the reduction
operation, and will adjust the process transformation equation accordingly.

4.1.2.2 Passout turbine systems

For modelling a flexible passut turbine system in TIMES, the following appch is

recommended (but see additional remarks below):

1 Define the PCG of the process to consist of both the electricity and heat output
commodities (using the sptc_actunt);

Define the process type to be CHP (using thgsetmap);

Use the maximum eldcical output as the basis of the process activity, and

choose the capacity unit accordingly (using the parameter PRC_CAPRCT).

1 Define the process electrical efficiency according to the maximum electrical
efficiency (at point D irFigure10), by using the parameter ACT_EFF;

1 Define the process cost parameters accordingly, for example, specify the
investment and fixed O&M costs per unit of electrical capacity;

1 Define the maximum hedb-power ratio (excluding any reduction operajion
and optionally also the minimum heatpower ratio (using the parameter
NCAP_CHPR);

1 Define the slope S of the idael line (the line BF in Figure10) by specifying
NCAP_CEH=S (wher#l < S<0, as inFigurel10);

1 Optionally, define also a maximum annual utilization factor considering the
typical optimal sizing of CHP plants in the heat network represented (using the
parameter NCAP_AFA and/or NCAP_AFC);

1 Optionally, define a minimum stable opeéoatlevel (using ACT_MINLD).

)l
)l

Again, the specifications should Ilogite straightforward. Aie slope S of the istuel
line represents the amount of electricity lost per heat gained. In the exanfjgic10,
the inverse of the slope $ithe value 7 and so one would define NCAP_GHH/7.

3% The activity remains constant over the-feel line, but the electricity output varies when
moving along itMaximum electrical output is thus usually the most convenient quantity along this
line for defining thebasis ofthe process activity and capacity. This choice should then
consistently reflected in the input data (Sedle18).
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Alternatively, if it would seem more convenient to define both the condensing mode
efficiency and the full CHP efficiency, that can be done by using the parameters
NCAP_CDME (condensing mode efficiey)cand NCAP_BPME (backressure mode
efficiency). When these two parameters are used, the NCAP_CEH and ACT_EFF
parameters should then not be used at all. The activity will in this alternative approach
always represent the electricity output in condensindeno

For passout turbine technologies that have a reduction operation capability, one can
enable the reduction option by adding to the process a third output of a dummy commodity,
which is of type NRG and has a limit type 'N', and is also a member oCiGe Fhe model
generator will automatically assign such a dummy output to the reduction operation, and
will adjust the process transformation equation accordingly.

4.1.2.3 Alternative choices for defining the activity basis

As indicated above, the recommended dadi the activity of a CHP technology is the
maximum electricity output, because the available technology data is usually best suited for
using the electricity output as the basis for the activity. However, also the total energy
output in full CHP mode cahe used as the basis for the activity, should that be a more
convenient way of defining the process data.

The below summarizes the different options modelling CHP processes according to the
choice of the main efficiency paratees. Note that the casesith i1<CEHOO and
0 OCEH< 1 are identical when there is no lower bound for NCAP_CHPR specified.

Table 18: Alternative ways of modelling efficiencies of CHP processes.

Characteristic Choices of parameters for modelling CHP efficiencies
Efficiency NCAP_CDME+
parameters ACT_EFF + NCAP_CEH NCAP_BPME
Value of CEH i1<CEHOO 0OCEH<1 CEHO 1 None
Interpretation Decrease in Loss in electricity Loss in heat
of CEH electricity output output per unit of output per unit of
per unit of heat heat gained electricity gained
. . . None
gained (when (when moving (when moving
moving towards towards full CHP towards con -
full CHP mode) mode) densing mode)
Activity Max. electricity Electricity output Total energy Electricity
output in full condensing outpu tin full CHP output in
mode mode condensing
mode
Capacity Electrical Electrical capacity Electrical+heat Electrical
capacity capacity capacity
Efficiency Max. electrical Electrical Total efficiency in Electrical
specification efficiency efficiency in full full CHP mode efficiency in
(=ACT_EFF) condensing mode (=ACT_EFF) condensing
+ the CEH (=ACT_EFF) + the CEH mode + total
specification + the CEH specification efficiency in full
specification CHP mode
Investment & Per electri cal Per electrical Per Per electrical
fixed O&M costs capacity capacity electrical+heat capacity
capacity
Variable costs Per activity (see Per activity (see Per activity (see Per activity (see
above) above) above) above)

111




4.2 Inter-regional exchange processes
4.2.1 Structure and types of endogenous trade

In TIMES, the intefregional trading structure of a given commodity basically consists of
one or several exchange processes (called IRE processes), each of which defines a portion
of the trading network for the comodity. The ndividual subnetworks can be linked
together through common inteediating regions. As an example, electricity trade can be
conveniently described by -ateral exchange processes (see FidiZe But bilateral
trading betweenll pairs of regions may become onerous in terms of data and model size. It
is therefore useful to consider the other trade structure of TIMES, callediaterttl trade,

where regions trade with a common market (Fidike For either structure, the topology

of the trading possibilities are all defined via thetset ire of quintuples {rl1,c1,r2,c2,p},
whererl, r2 are the exporting and importing regions respectivélyc? are the names of

the traded commodity in regiomd andr2 respectively, ang is the process identifier.
Process is a process in both regions. It has to be defined only once, but one can add
parameters to it in both regions (e.g. costs, bounds, etc.). Nearly every piece of data in
TIMES has to be assignéal a region.

TIMES provides considerable flexibility in the definition of trading struesu Each
subnetwork defined for a single exchange process can have the general structure shown in
Figurell A trading structure that involves both several supply (export) regions and several
demand (import) regions cannot bdided without introducing an interediating 'market’
region (R1). Whenever such an intermediate region is defined between (at least) two
different regions, the model generator will assume that the structure is actually meant to
ignore the intermediate nedegion shown in Figurdl, by generating a single trade

Supply Demand
regions regions

Import

X

Supply and demand sets may
contain same regions;

one of them may also

Figure 11. General structure of the pairwise specification of the trading sub
network allowed in TIMES for a single exchange process.
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balance equation directly between all the export and all the import fldwihe
intermediate step should nonetheless be incluidedixample, to reflect a physical matke
hub in the region R, this can be accontiphed by dividing the subetwork into two parts,
by using two exchange presses. Caequently, depending on the user's choice, the trading
relationships shown in Figurkl can be modled both with and without the intermediate
transportatiorstep through the market region

The general structure allowed for the trading-satworks can be further divided into
four cases, which will be discussed below in more detail:

Case 1: Bi-lateraltrading.

Case 2: Unidirectional trade from some export regions into a single importing region
Case 3: Multi-directional trade from a single export region to several importing regions
Case 4: General multlateral trading structure

= =4 =4 -4

Trading without need for explicit marketplace definition

Cases 1, 2 and 3 fall in this category-I&eral trade takes place between pairs of
regions. An ordered pair of regiotsgether with an exchange process is first identified,
and the trade through the exchange process is balanced between these two regions.
Whatever amount is exported from regido regionj is imported by regiofn from regioni
(possibly with an adjustnm¢ for trangortation losses). The basic structure is shown in
Figure 12. Bi-lateral trading can be fully described in TIMES by specifying the two pair
wise connections itop_ire. The capacity and investment costs of the exobhgrgcess
can be described individually for both regions. For Cases 2 and 3, the general structure of
the trade relationships is shown in Figdr& Also in these cases the definition of the
trading structure is easy, becausertatiorships can be unambiguously described by-pair
wisetop_ire specifications between two regions.

Trading based on marketplace

Case 4 is covered by the generic structure shown in Figurérading occurs in this
case betwen at least three regions, and involves both several exporting regions and several
i mporting regions. In this type of trade,
region participating in the supply side of the market and may be bought by any region
participating in the demand side of the ker This case is convenient for global
commodities such as emission permits or crude oil where the transportation cost foom R

Figure 12. Case 1: Bilateral trade (both R1 and Rz qualify as Rw).
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Supply regions Demand regions

Figure 13. General structure of unidirectional trade into a single import region
(Case 2, left) and multidirectional tradefrom a single export region (Case 3, right).

Ry may be approximated by Cpatos} (rather than a more accurate cost suclCgs
When the exact cost (or losses) are strictly dependent on the pair i,j of trading regions, it
may be more accurate to use bilateral trade.

In general, there are many different possibilities for defining the atedtial structure by
using the patwise top_ire specifications. In order to comply with the structure allowed in
TIMES, the user has to decide which of the regions represents the 'marketplace’, i.e. is chosen
to be the R shown in Figurd. 1. Note that the marketgmsn will participate both in the supply
and demand side of the market. The TIMES model generator automaticallfiegethis
general type of trading on the basis oftihy ire topology defined by the user. Therefore, the
user only needs to define thessible trading relationships between regions into tHeseate.

If there aren supply regions andh demand regions, the total nber of entries needed in
top_ire for defining all the trade possibilities is+mi 2 (courting the market region to be
included in both the supply and demand regions. Although the market region has to be defined
to be an intermediate node in the structure, the modetajenwiill actuallynotintroduce any
intermediate step between the export and import regions.

The timeslice levels of the traded commodity may be different in each region (as well as
the commodity name). However, some appropriate common timeslice level must be chosen
for writing the market balance equatiothat common level is the level attached to the
exchange process in the market regidn all other respectshe market region is not
treated in any way differentlfrom the other regions participating in the market. Never
theless, the user can of course provide different data for the different régioesample
investment costs or efficiencies for the exchange process can be differentiated by region.

If the sets of supply and demand regions participating in the market should actually be
disjoint, even in that case the user has to choose one of the regions to be used as the
intermediate market region. Thaports to or exports from the market region can then be
switched off by using an IRE_XBND parameter, if that is considered necessary.
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Remarks on flexibility

1. Any number of exchange processes can be defined for describing the total trade
relationships of @ingle commodity (but see warning 1 below).

2. The names of traded commodities can be different in each region participating in
the trade. In addition, also the import and export names of the traded commodities
can be different (but see warning 2 below). Tdusld be useful e.g. in the case of
electricity, for which it is common to assume that the export commodity is taken
from the system after grid transport, while the import commaodity is introduced into
the system before the grid.

3. Any number of commoditiesan be, in general imported to a region or exported
from a region through the same process (but see warning 2 below).

Warnings

1. For each exchange process of any traded commaodity, the total structure of the
trading subnetwork, as defined itop_ire, mustcomply with one of the basic
structures supported by TIMES (Caséd)l If, for example, several fateral
trading relationships are defined for the sameroonity, they should, of course,
not be defined under the same process, but each under a differcegs.

2. If the export and import names for a markased commaodity (c) are different in
the market region, no other commaodities should be imported to the market region
through the same exchange process as commodity c.

3. The model generator combines thaing relationships of a single process into a single
market whenever there is an intermediate region between two different regions. If,
however, the intermediate exchange step should be explicitly included in the model, the
trading sulnetwork should beidded between two different exchange processes.

Example

Assume that we want to set up a matth@sed trading where the commodity CRUD can
be exported by regions A, B, C, and D, and that it can be imported by regions C, D, E and
F. First, the exchangeocess and marketplace should be defined. For example, we may
choose (C,XP,CRUD) as the marketplace, where XP has been chosen to be the name of the
exchange process (recall that process XP is declared only once but exists in all trading
regions, possiblywvith different parameters). The trade possibilities can then be defined
simply by the following sixop_ire entries:

SET PRC/ XP /;

SET TOP_IRE /
A .CRUD .C .CRUD .XP
B .CRUD .C .CRUD .XP
D .CRUD .C .CRUD .XP
C .CRUD .D .CRUD .XP
C .CRUD .E .CRUD .XP
C .CRUD .F .CRUD .XP

l,

To complete the RES definition needed for the exchange process, in addition only the
setprc_actunt(r,p,c,u) needs be defined for the exchange process XP:
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SET PRC_ACTUNT /

x X
s
e
Py,
C
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o
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/,

These definitions are sufficient for setting up of the mableested trade. Additionally,
the user can, of course, specify various other data for the exchange processes, for example
investment and distribution sts, efficiencies and bounds.

4.2.2 Input sets and parameters specific to trade processes

TIMES input SETs that have a special role in trade processes are the following:

1 top_ire(rl,c1,r2,c2,p):For bilateral trade, unidirectional trade into a single
destindion region, and multidirectional trade from a single source regipnire
should contain the corresponding entries from the exporting regrari(sjhe
importing region(sj2.
For marketbased traddpp_ire must contain entries for each exportingeago
the intermediate market region, and from the market region to each importing
region. Each region may be both exporting and impor@ng. may thus force
even a biateral exchagne to be modeled as mabksed trade, by introducing an
additional top_ire entry within the desired market region between the exported and
imported commodityInstead of two trade balance equations, only one market
balance equation is then generated.

1 prc_aoff(r,p,yl,y2): Override used to control in what years (not pesj@process
is unavailable. This set is not specifically related to exchange processes. However,
in the case of markdtased trading it can be used to switch off the entire
commaodity market for periods that fall within the range of years givemdaoff.
The market will be closed for all commodities exchanged through the prpLdss (
trading should be possible only between certain years, even multiple entries of
prc_aoff can be specified.

All the top_ire specifications are handled for the user g/ tiser shel(VEDA/ANSWER)
according to the characterization of the trade processes.

Additional remarks

1. Commodity type can be used as the primary group of IRE processes. Atloztim
ties of that type, traded through the process, will then be includbd RCG.

2. Topology entries are automatically created on the basis of IRE_FLOSUM and
FLO_EMIS defined for IRE processes (the latter only for ENV commodities).

3. In any nonbilateral trade, he marketplaces are automatically set by the model
generator for anyrade that involves an intermediate region between two different
regions for the same exchange proc@dsafid same commoditg) or if there are
multiple destination (importing) regions for the same exporting region.
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4. In marketbased trade with as the market region, the import/export regions patrtici
pating in the market consist of all those regions that import/exportnoality c
from/into regionr through procesp (as defined irtop_ire). The market regiom
by itself always participates in the markedth as an importing and exporting
region. However, the imports/exports of commodity tb/from the market region
(r) can be switched off by using an IRE_XBND parameter, if necessary.

Input parameters

Input parameters specific to intexgional exchangprocesses are listed Trable 19.

Table 19: Specific TIMES parameters related to the modelling of trade processes.

Attribute name Description
(indexes)
IRE_FLO Coefficient that repre  sents the efficiency of exchange from rl to r2,
(rl,y,p,cl,r2,c2,s2) inside an inter -regional process where both regions are internal. Note
that separate IRE_FLOs are required for import and export. Default =1
for each top_ire direction specified. Time slice s2 refers to the region
where the commodity arrives. Units: none
IRE_FLOSUM Special attribute to represent auxiliary consumption ( io = 'IN"), or
(r,y,p,cl,s,ie,c2,io) production/emission (  io ='OUT") of commodity c2 due to the IMPort /

EXPort (index ie) of the commodity ¢l in region r by an inter -regional
process p3. Itis a fixed FLO_SUM with (one of) the pcg in that region.
These relate commodities on the same side of the process. Auxiliary

flows can also be specified on the process activity, by setting c1="ACT'

in th e IRE_FLOSUM parameter (or in a FLO_EMIS parameter).

IRE_BND Bound on the total import/export (index ie ) into/from internal region
(r1,y,c,s,r2,ie,bd) rl , from/to region r2 , where region r2 may be internal or external 37- ¢
is the name of commodity in regio n rl . Default none.
IRE_XBND Bound on total imports/exports of commodity c inregion r, to/from all
(r,y,c,s,ie,bd) destinations/sources, where r may be an internal or external region.
(Default value: none)
IRE_CCVT Conversion factor betwe  en commodity units, from unit of cl inregion
(r1,c1,r2,c2) rl tounitof c¢2 inregion r2,as partofinter -regional exchanges.
Default =1, when exchange permitted. Units: none.
IRE_TSCVT A matrix that transforms timeslices of region rl toregion r2 as partof
(r1,s1,r2,s2) inter -regional exchanges, including both internal and external. Default

value = 1 when exchange permitted. Units: none.

3¢ The indexing of auxiliary consumption flows or emissions of inégiional exchange
processes is illustrated in the figure below.

Indexing of auxiliary
consumplion/emission

(EXP,IN)

{EXP,0UT) (IMP.IN)

37 The equation EQ(I)_XBND may have an external regional as region index (bounding the import from
oneexternal regions to all other regions).
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Remarks

1. In marketbased trading the IRE_FLO parameter is taken into account on the export
side only (representing the efBocy from the export region to the common
marketplace). By using this convention, amjdieral exchange can be represented by
a fully equivalent markebased exchange simply by choosing one of the two regions
to be the marketplace, and adding the cpowading entry to the set rpc_market(r,p,c).
The efficiency of the exports from the market region itself to the maldes should
also be specified with an IRE_FLO parameter, when necessary (rl=r2=market
region).

2. If the user wants to specify efficiency tre import side of a markétased exchange,
this can be done by using an IRE_FLOSUM parameter on the import side.

3. Similarly to any other pair of regions, the total amount of commodity imported to a
region from the commodity market can be constrained byiREE_ BND parameter,
by specifying the market region as the export region. Correspondingly, the total
amount of commodity exported from a supply region to the marketplace can be
constrained by the IRE_BND parameter by specifying the market region aspib im
region.

4.2.3 Availability factors for trade processes

In TIMES, capacity by default bounds only the activity. However, with the NCAP_AFC /
NCAP_AFCS attributes, one can bound the import / export flows instead. Capacity then
also refers to the nominal ximmum import (or export) capacity, e.g. the capacity of a
transmission line in either direction. One can thus simultaneously bound the import and
export flows by the same capacity but with different availabilities, which can be useful with
bi-directional e&change links with different availabilities in the import/export direction. All
these availability factors can be defined either on a desired timeslice level (NCAP_AFC),
or on individual timeslices (NCAP_AFCS).

The rules for defining the availabilitiesrftrade flows can be summarized as follows:

71 If the import/export commodities are different (c1/c2): Use NCAP_AFC(cl) for
bounding the import flow and NCAP_AFC(c2) for bounding the export flow, or
use NCAP_AFC('NRG’) for applying the same availability tthidtows.

1 If input=output=c, specifyingither NCAP_AFC(c)or NCAP_AFC('NRG") alone
applies to both imports and exports (unless the process type is DISTR, see Section
4.2.4below). However, if they are both specified, then NCAP_Aff@pplies to
the import flow while NCAP_AFC('NRG') applies to the export flow.

Remarks:
1. As any process has only a single capacity variable, the availabilities specified for the
import/export flows are always proportional to the same overall capacity.

2. Note that any the availability factors defined by NCAP_AFC are multiplied by any
NCAP_AF/NCAP_AFS/NCAT_AFA value if defined for the same timeslice.
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4.2.4 Notes on other attributes for trade processes

There are important limitations of using the parametersstandard processes for IRE
processes. The most important limitations are summaiiaede20 with regard to the
parameters with the prefixes 'ACT_', 'FLO_' and 'PRC_". In addition, none of the CHP
parameters, storage parametd&TG_*), or dispatching parameter®AGT_MINLD,
ACT_UPS, ACT_CSTUP, ACT_LOSPL, ACT_CSTPL, ACT_TIME), can be used for IRE
processes, and are ignored if used.

Table 20: Limitations of using standard process parameters for IRE processe

Attribute Description Limitations

name

ACT_EFF Activity efficiency Can not be used

FLO_BND Bound on a process flow variable The bound will apply to the sum

of both imports and exports of

the given commodity, or, alter -
natively, to the net imports when

a true commodity group is speci -
fied in the parameter (e.g. NRG).

FLO_EFF Amount of process flow per unit of Same as for FLO_EMIS.
other process flow(s) or activity.

FLO_EMIS Amount of emissions per unit of process Can only be used on the activity,
flow(s) or activity. by specifying 'ACT' as the source

group.

FLO_FR Process flow fraction Can not be used

FLO FUNC Relationship between 2 groups of flows Can not be used

FLO_MARK Process market share bound The bound will apply to import

flow if FLOam®RKOQ
export flow if FL(

FLO_SHAR Process flow share Can not be used

FLO_SUM Multiplier for a commodity flow in a Can not be used
relationship between 2 groups of flows

PRC MARK Process group -wise market share bound Same as for FLO MARK.

Additional remarks with respect to integgional trade (IRE) processes:

1 By using the process type indicator 'DISTR’, the activity and capacity of an IRE
process will be based on the import flow only, if the same commodity is both
imported and exported. Inithcase also NCAP_AFC(c) will only apply to the import
flow of c.

1 In peaking equations, IRE processes are by default taken into account by having gross
imports on the supply side and gross exports on the consumption side. By defining the
IRE process as aamber of the set PRC_PKNO, and also defining
NCAP_PKCNT>0, only the net imports are taken into account on the supply side,
which can be useful for regions having trade flows passing through the region.
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4.3 Storage processes
4.3.1 Overview

The TIMES model generatgrovides tools for specifying the following types of storage
processes:

Standard timeslice storage (STG without additional storage type qualifier)
Generalized timeslice storage (STG+STS)

Day/night storage (STG+NST, or just NST if at ANNUAL level)
Inter-period storage (STG+STK)

E ]

The process type indicator STG is automatically assigned also to all processes that have
been defined to be of type STS, NST or STK, with the exception of ANNUAL level NST
processes, which are implemented as normal processesSésaion 4.3.3 below).
Therefore, the user only needs to specify one of {STG, STS, NST, STK} as the process
type of a storage process.

In addition to the charged and discharged commodity, storage processes can also
produce and conste auxiliary commodities (emissions, electricity, fuels, waste etc.). The
flows of such auxiliary commodities can be defined to be proportional either to the activity,
the main input flows, or the main output flows of the storage (see Sdca&below).

4.3.2 Timeslice storage

The standard timeslice storage operates within the timeslice cycles under the timeslices of
the level immediately above the process timeslice level. Consequently, the commodity
charged can be onstored over the cycle of timeslices under a single parent timeslice, and
not between timeslices under different parent timeslices. For example, a standard
DAYNITE level storage can only store the charged commodity over the timeslices under
one seasonna not between seasons.

The activity of a timeslice storage represents the storage level, i.e. the amount of
energy/material stored in the storage, measured at the beginning of each timeslice.
However, one should note that for a DAYNITE level storage,l¢hel of the activity
variable for each timeslice is the actual storage level multiplied by the number of days
under the parent tinskce, in the same way as the level of the activity variables for standard
processes is the daily activity in that timeslioaltiplied by the number of days under the
parent timslice.

If a storage technology is capable of storing energy for longer periods than over daily
cycles, one may consider combining a SEASON/WEEKLY level storage process with a
DAYNITE storage. Howevera DAYNITE level storagemay also be generalized to
provide a storage capability between seasons, and even between periods, by using the
generalized timeslice storage type qualifier 'STS' (and both 'STS' and 'STK', if the inter
period storage capability shiol be included). Because the same storage capacity can be
utilized on all timeslice levels, the general storage process type may thus provide a
somewhat improved modeling of a mdiicle storage.
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4.3.3 Day/Night storage

Day/Night storage (NST) is a timesliseorage, which can store energy over the migit

cycles, but not over weekly or seasonal cycles. In its basic functionality, an NST storage
does not differ much from a standard timeslice storage, the main difference being that one
can define the chargytimeslices by specifying them in the pet_nstts.

Day/Night storage processes that produce ANNUAL level demand commodities can be
modeled either as genuine storage processes or as standard processes with a night storage
capability. In both cases 'NS3hould be specified as the process type. If the process itself
is defined to operate at the DAYNITE level, the process will be a genuine storage process,
but if it is defined to operate at the ANNUAL level, it will be a standard process. For any
such nightstorage devices, the charging and discharging commodity may be different, as
defined via the sdbp.

When the NST procegsis a genuine storage process, the inpupgetnstts(r,p,s) may
be used for defining the charging timeslicesDischarging canthen only occur in
timeslices other than the charging timeslices. Defimpng nstts is required for all other
genuine NST processes, except those serving an ANNUAL level demand, which can
always discharge at the level of the demand, regardless pranystts defined.

In both types of NST storage, if the process is serving any ANNUAL level demand, the
demand commodity is produced according to the load curve, while the charging can be
optimized so that it occurs at night timeslices only. However, wheiN8ie process is a
normal process, it can be described in all other respects just as any otheseend
technologies. For example, electric heating systems with accumulators can be described
basically in the same way as direct electric heating systems, thuthei additional night
storage capability.

4.3.4 Inter-period storage

An inter-period storage process is able to store energy or material over periods. For
example, a coal stockpile or a waste disposal site can be modeled as-parintéstorage.

All inter-period storage processes should be defined to operate at the ANNUAL level,
unless the generic timeslice process characterization (STS) is also specified.

The initial stock of an inteperiod storage process can be specified by using the
STG_CHRG parametewhich is interpolated such that it always includes the year at the
beginning of the model horizon (B(i1)). The value of STG_CHRG in the year B{(tl)s
used as the initial stock for intperiod storage. The allocation of the initial stock between
the process vintages that are available at the beginning of the model horizon is left to be
optimized by the model.

The activity of an inteperiod storage is measured at the end of each period. Therefore,
either by setting a lower bound on the activity ottlog process availability, the storage can
be prevented from getting fully discharged during any period. However, as there is no
explicit accounting of the salvage value of the remaining contents of anpéried
storage, it may also be considered reabteto allow discharging the storage fully in the
last period, for taking into account the value of the storage.
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4.3.5 Auxiliary storage flows

Storage processes can have any amount of auxiliary input or output commaodities, as long as
they are distinct fromhie main storage commodity. The flows of the auxiliary commodities
can only be defined to be fixedly proportional either to the activity, the main input, hows

the main output flows. The main flows of timeslice and ipteriod storage processes are

the flows of the charged and discharged commodities included in the set primary
commodity group PCG of the process. In the day/night storage processes, the main flows
consist of all commodities in the primary and shadow groups of the process (see
documentatin).

The relation between the auxiliary flows and the activity or main flows should be
defined by using the PRC_ACTFLO and the FLO_FUNC parameters. For example, if the
main storage flows of the process consist of the commodity 'STORED', and the auxiliary
commodity is 'AUX', the auxiliary flow can be defined in the three following ways,
corresponding to the cases where the auxiliary flow is proportional to the activity, the input
flow, or the output flow, respectively:

PRC_ACTFLO(r,t,p,'AUX") I AUX proport ional to activity
FLO_FUNC(r,t,p,'STORED','/AUX',s) I AUX proportional to input flow
FLO_FUNC(r,t,p,'/AUX','STORED',s) I AUX inversely proportional to output flow

These auxiliary storage flow relations have been implemented by adding a new TIMES
equation B) STGAUX(r, v, t, p, ¢, S). As the auxiliary storage flows are represented by
standard flow variables, any flerelated cost attributes and UC constraints can be
additionally defined on these auxiliary flows. However, no transformation equations can be
defined between any auxiliary storage flows. Therefore, if, for example, some auxiliary
flows should also produce emissions, also these emissions should be defined on the basis of
the activity or main flows, and not by defining a relation between the ayXilear and the
emission flow. Consequently, it is required that all auxiliary commodity flows related to
storage processes, whether energy, matenamissions, are described by using the three
types of relations shown above.

A concrete example whereebe enhancements to the storage processes can be very
useful is the modeling of waste management, and, in particular, the modeling of landfilling
of different types of waste. Using intperiod storage processes for this purpose makes it
possible to conveently incorporate e.g. the following features in the waste management
model:

1 Modeling of methane emissions from landfilling in a dynamic way by using first
order decay functions for the gradual waste decomposition (optionally with different
rates of decafor different waste qualities);

1 Modeling of other waste management and emission reduction options both before
and after landfilling;

1 Incorporating gate fees to landfill sites (by defining costs on an -igmed
auxiliary storage flow).
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4.3.6 Input sets andparameters specifically related to storage processes

Input sets

There is only one TIMES input SETs specifically related to storage: prc_nstts. However,
there are important storagpecific aspects related to each of the following input sets:

1 prc_map(r,prc_grp,p): Defines the process as a storage process, where
prc_grp=STG/STS/NST/STK according to the desired storage type.

1 prc_actunt(r,p,cg,units_act): Definition of the commodity/commodities in the
PCG, i.e. those that are stored. Set of quadrupledtsatdhe members of the
commodity grougegis used to define the charged and discharged commodity of
storage procegs with activity unitsunits_act, in regionr. If the charged and
discharged commodities are different, the grogiphould preferably coain both
of them, but if the user shell does not allow that, the model generator will
automatically assign to the PCG any commodities on the shadow side that are of the
same type than those already in the PCG, and are not verified to be auxiliary
commodites. A commodity type can also be used as the primary group of storage
processes. All commaodities of that type will then be included in the PCG.

1 top(r,p,c,io): Definition of the charged (io=IN) discharged (io=OUT) and optional
auxiliary input/output commaiies for storage process p in region r. The set
top_ire should thus first and foremost contain the input/output indicators for the
stored commodities defined pyc_actunt (see above), but should include also any
auxiliary input/output commaodities assunfedthe process. When the charged and
discharged commodity is the same, that commodity can optionally be defined only
as an input or only as an output, and in that case it will be connected to the
commaodity balance equations either only on the productionly on the
consumption side, instead of being connected on both sides.

1 prc_nstts(r,p,s): For genuine night storage process regionr, defines the
timeslicessto be the charging timeslices, at which discharging cannot occur.

Remarks

In TIMES, the input (charge) and output (discharge) commodity of a storage process is
usually the same commodity (input=output). When so, and this commodity is defined both
as an input and an output of the process, the input and output flows will be taken into
accoun in the commodity balance equations on different sides: the input on the
consumption side, and the output on the production side.

However, in some cases this design has proven to be undesirable, because due to the
nature of the storage processes, thaeitigmd output flows can usually be made arbitrarily
large without affecting the storage operation or costs. That is so because the input flow may
also bypass the storage in the same timeslice or period, without being stored, and will then
be directly conerted into the output flow, without any costs or efficiency losses (unless
STG_EFF is being used). Such arbitrary input/output flows can also make the total
commodity production arbitrarily large, thereby rendering VAR_COMPRD a very
unreliable measure oheé size of the commodity market. This can be undesirable with
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respect to various markehare constraints that are usually defined on the basis of the
VAR_COMPRD values.

In order to avoid any arbitrary storage flows on the production or consumptiorhgide, t
input/output flows can be defined to be both connected either on the production or
consumption side, instead of being on different sides. This will prevent the undesirable
impacts of such arbitrary flows. The desired side can be chosen by the uséning diee
commodity only as an output (production side) or as an input (consumption side).

Input parameters

The TIMES input parameters that are specific to storage processes or have a specific
functionality for storage processes are summarizdabie21.

Table 21: Specific TIMES parameters related to the modelling of storage processes.

Attribute name Description
(indexes)
STG_CHRG Exogenous amount assumed to be charged into storage p,intim eslice s
(r,y.p,s) and year y. For timeslice storage this parameter can be specified for
each period, while for inter ~ -period storage this parameter is only taken

into account for the first period, to describe the initial content of the
storage at the beginning of th e model horizon. Units: Unit of the storage

input flow.
STG_EFF Coefficient that represents the storage efficiency of a storage process p
(r,y,p) in region r. Applied at the commodity balance to the output flow.
STG_LOSS Coefficient that repres  ents the annual storage losses of a storage
(r.y,p.s) process p inregion r, as a fraction of the (average) amount stored,

corresponding to a storage time of one year. If the value specified is
negative, the corresponding annual losses are interpreted as an annual
equilibrium loss (under exponential decay).

STGIN_BND Bound on the input flow of commodity c of storage process p ina
(r,y,p,c,s,bd) timeslice _s. Units: Unit of the storage input flow. (Default value: none)
STGOUT_BND Bound on the output f  low of commodity ¢ of storage process p ina
(r,y,p,c,s,bd) timeslice s. Units: Unit of the storage input flow. (Default value: none)
FLO_FUNC Defines the ratio between the flow of commodity ¢2 and the flow of
(r,y,p,cl,c2,s) commodity cl,intimeslice s, in otherwords , an efficiency coefficient
giving the flow of commodity c2 per one unit of flow of commodity cl.
For storage processes, can be used for defining amount of discharge in
c2 per unit of auxiliary flow of cl, or amount of auxiliary flow of c2 per
unit of char gingin cl.
PRC_ACTFLO Defines a conversion coefficient between the activity and the flow in
(r,y,p,c) commodity c. For storage processes, PRC_ACTFLO can be used for the

commodities in the PCG in the standard way, but also for defining the
amount of auxi__liary flow of ¢ per unit of activity.

NCAP_AFC Can be used for defining availability factors for the process activity
(r,y,p,cg,tsivl) (amount stored), process output flow, or process input flow, or any
combination of these. See Section 6.3 for additional information.
NCAP_AFCS As NCAP_AFC above, but can be specified for individual timeslices.
(r,y,p,cq,s) NCAP_AFCs values override NCAP_AFC values defined at the same level.
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4.3.7 Availability factors for storage processes

In TIMES, capacity by default boundsily the activity. For storage, this means the amount
of stored energy. However, with the NCAP_AFC/NCAP_AFCS attributes, one can bound
the output (or input) flows instead. Capacity then also refers to the nominal output (or
input) capacity, e.g. electricahpacity of a pumped hydro power plant. In addition, one can
bound simultaneously both the output and input flows by the capacity, which can be useful
if the charging rate is limited by the capacity as well. Moreover, one can simultaneously
define a boundalso for the activity (the amount stored) in proportion to the same capacity
variable. All these availability factors can be defined either on a desired timeslice level
(NCAP_AFC), or on individual timeslices (NCAP_AFCYS).

The rules for defining the avabdities for storage flows/activity can be summarized as
follows:

1 If the input/output commodities are different (c1/c2): Use NCAP_AFC(cl) for
bounding the input flow and NCAP_AFC(c2) for bounding the output flow.

1 If input=output=c, NCAP_AFC('NRG') will defe the availability factor for both
the input and output flow, while NCAP_AFC(c) will define the availability factor
for the output flow only, overriding any NCAP_AFC('NRG') value if that is also
specified (assuming NRG is the type of the stored commjodity

T NCAP_AFC('ACT') can additionally be used for bounding the activity (the
amount stored); in this case one must bear in mind that any capacity expressed in
power units (e.g. MW/GW) is assumed to represent a storage capacity equivalent
to the amount proded by full power during one full year/week/day for
SEASON/WEEKLY/DAYNITE level storage processes, respectively. Knowing
this, the availability factor can be adjusted to correspond to the assumed real
storage capacity. For example, a capacity of 1 GW ignaad to represent a
storage capacity of 24 GWh for a DAYNITE storage, and if the real daily storage
capacity is, say 8 GWh / GW, the maximum availability factor should be 0.333.

Remarks:

1. As any storage process has only a single capacity variable, tmepdissuis that the
availabilities specified for the output/input flows and the activity are all proportional
to the same capacity.

2. Note that any the availability factors defined by NCAP_AFC are multiplied by any
NCAP_AF/NCAP_AFS/NCAT_AFA value if defineaf the same timeslice.

4.3.8 Notes on other attributes for storage processes

There are important limitations of using standard processes parameters for storage
processes. The most important limitations are summarizéadhbie22, with regard to the
parameters with the prefixes 'ACT_', 'FLO ' and 'PRC_". In addition, none of the CHP
parameters, IRE parameters (IRE_*), or dispatching paramet&GT MINLD,
ACT_UPS, ACT_CSTUP, ACT_LOSPL, ACT_CSTPL, ACT_TIME), can be used for
storage proesses, and are ignored if used.
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Table 22 Limitations of using standard process parameters for storage processes.

Attribute Description Limitations

name

ACT_EFF Activity efficiency Can not be used

FLO_BND Bound on a process flow  variable Can only be used for bounding
auxiliary storage flows.

FLO_COST Added variable cost for commodity flow Can only be used for the

charging (input) flow(s), and for
all auxiliary flows.

FLO_DELIV Delivery cost for commodity flow Can only be used fo rthe
discharge (output) flow(s), and
for all auxiliary flows.

FLO_EFF, Amount of process flow per unit of Can only be used for defining an

FLO_EMIS other process flow(s) or activity. auxiliary flow per unit of activity,

(r,y,p,cg,c,s) by specifying 'ACT'  as the source
group (cg).

FLO_FR Process flow fraction Can only be used for auxiliary
storage flows.

FLO_FUNC Relationship between 2 groups of flows Can only be used for defining
auxiliary storage flows.

FLO_MARK Process market share bound For a store d commodity, the

bound will apply to discharge
fl ow when FLO_MARYH
charging flow if
FLO_SHAR Process flow share Can only be used among
(r,y.p,c,cg,s,bd) auxiliary flows, and for bounding
the output flow (c) in proportion
to the activi ty (cg="ACT")

FLO_SUM Multiplier for a commodity flow in a Can only be used among
relationship between 2 groups of flows auxiliary flows.
FLO_TAX, Tax/subsidy for the production/use of Can only be used for auxiliary
FLO SUB commodity by process storage f lows
PRC_MARK Process group -wise market share Same limitations as for
bound FLO MARK.

Additional remark on peaking equations

1 In peaking equations, storage processes producing the peaking commodity are by
default taken into account by their capacitytioa supply side, and not at all by their
flows (charging/discharging). By defining the storage process as a member of the set
PRC_PKNO, and also defining NCAP_PKCNT>0, the discharge from the storage is
taken into account on the supply side instead ofdpadity, and the charging into the
storage is included on the consumption side (should such happen in the peak
timeslice). That can be recommended, whenever the capacity represents the amount
stored, and not the output capacity, and may be reasonabléoegtrage processes
where the capacity represents the nominal maximum output flow.
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5 Variables

This chapter describes each variable name, definition, and role in the TIMES Linear Program.
To facilitate identification of the variables when examiningthmodel 6 s sour ce
variable names start with the prefix VAR _. The value assigned to each variable indexed by
some time period, represents the average value in that time period, but the case of
VAR_NCAP(v) is an exception, since that variable représ a pointvise investment
decided at time period VAR_NCAP is discussed in detail below.

Table23is a list of TIMES variables by category, with brief description of each variable.

Remarks onTable 23:

1 Many variables that are related to a process have two period indegpsesents the
current period, and represents the vintage of a process, i.e. the period when the
investment in that process was decided. For the VAR_NCAP varigbke, by
definition equal tov. For other variableg, Ov, if the process is vintagegr€_vint),

i.e., the characteristics of the process depend on the vintage year. If the process is non
vintaged, the characteristics of the capacity of a process are reyedifated by its
vintage structure, so that the vintage index is actually not needed for the variables of a
nonvintaged process. In these cases, the vintage mdeky convention set equal to

the period index.

1 In Table23, the variables are listed according to five categories, depending on what
TIMES entity they represent. In the rest of the chapter, the variables are listed and
fully described in alphabetical order.

1 Table 23 does not list the variables used in the Climate Module, Damage Cost and
ETL extensions of TIMES, which are fully documented in Appendices A, B, and C,
respectively.

1 In the Objective function categoryable23 also lists several parameters that stand for
certain portios of the objective functions. These are not bona fide GAMS variables,
but mostly serve as convenient placeholders for this documentation, and also as useful
parameters that may be reported in the salutio
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Table 23. List of TIMES variables by category

Category

Variable name

| Brief description

Region related

| VAR_CUMCST ‘ Cumulative amount of regional cost/tax/subsidy
Process related
VAR_ACT Annual activity of a process
VAR_CAP Current ¢ apacity of a process, all vintages together
VAR_NCAP Investment (new capacity) in a process
VAR_DNCAP Binary variable (VAR_DNCAP) and semi -continuous
VAR_SNCAP variable (VAR_SNCAP) used with the discrete
investment option (see EQ _DSCNCAP)

VAR_RCAP Retired capacity of a process in a period by vintage
VAR_SCAP Cumulative retired capacity of a process in a period
VAR_DRCAP Binary variable for discrete capacity retirements
VAR_UPS Started -up, shut -down, and off -line capacities

Commaodity related

VAR_BLND Blending variable (for oil refining)
VAR_COMNET Net amount of a commodity

VAR_COMPRD Gross production of a commodity
VAR_CUMCOM Cumulative gross/net production of commodity
VAR_ELAST Variables used to linearize elastic demand curves

Flow ( Process

and Commodity) related

VAR_FLO Flow of a commodity in or out of a process
VAR_CUMFLO Cumulative amount of process flow/activity
VAR_IRE Flow of a commodity in or out of an exchange
process (trade variable)
VAR_SIN/OUT Flow of a commodity in or out of a storage process

Obijective function related

VAR_OBJ

Variable representing the overall objective function
(all regions together)

The following 10 parameters are not true variables of the LP matrix

OBJR

Parameter representing a regional com
the objective function.

ponent of

INVCOST

Parameter representing the investments portion of
a regional component of the objective function

INVTAXSUB

Parameter representing the taxes and subsidies
attached to the investments portion of a regional
compo nent of the objective function

INVDECOM

Parameter representing the capital cost attached to
the dismantling (decommissioning) portion of a
regional component of the objective function

FIXCOST

Parameter representing the fixed annual costs
portion of ar egional component of the objective
function

FIXTAXSUB

Parameter representing the taxes and subsidies
attached to fixed annual costs of a regional
component of the objective function

VARCOST

Parameter representing the variable annual cost
portion of ar egional component of the objective
function

VARTAXSUB

Parameter representing the variable taxes and
subsidies of a regional component of the objective
function

128



Category Variable name

Brief description

ELASTCOST

Variable representing the demand loss portion of a
regional component of the objec tive function

LATEREVENUES

Parameter representing the late revenue portion of
a regional component of the objective function.

SALVAGE

Parameter representing the salvage value portion
of a regional component of the objective function

User Constraint r elated 3

VAR_UC

Variable representing the LHS expression of a user
constraint summing over regions ( uc_r_sum ),

periods ( uc_t sum ) andtimeslices ( uc ts sum ).

VAR_UCR

Variable representing the LHS expression of a user
constraint summing over periods ( uc_t sum )and
timeslices ( uc_ts_sum ) and being generated for

the regions specified in uc_r_each

VAR_UCT

Variable representing the LHS expression of a user
constraint summing over regions ( uc_r_sum )and
timeslices ( uc_ts_sum ) and being generated for

the per iods specifiedin  uc_t each

VAR_UCRT

Variable representing the LHS expression of a user
constraint summing over timeslices ( uc_ts_sum )
and being generated for the regions specified in

uc r each andperiodsin uc t each

VAR_UCTS

Variable representing  the LHS expression of a user
constraint summing over regions ( uc_r_sum )and
being generated for the periods specified in

uc_t each andtimeslicesin uc_ts _each

VAR_UCRTS

Variable representing the LHS expression of a user
constraint summing over periods being generated
for the regions specified in uc_r_each ,the periods
in uc_t each andtimeslicesin uc_ts _each

Notation for indexes The following indexes are used in the remainder of this chapter:

r , =regon; Vv =vintage;t , =timé periody = year;p = processg , = commodity;s, s 0
= timeslice;ie = import or export] = sense of a constraind(, = ,. Incadditian,) some
indexes (; ble; opr; j; uc_n) are used for specific variables only and are defined in their

context.

5.1 VAR_ACT(rv,t ,p,s)

Definition: the overall activity of a process.

VAR_ACT is defined by the

EQ_ACTFLO equation either as the sum of outflows or as the sum of inflows of a
particular (user selected) group of commodities, adequately normalized. If the process is
not vintaged, the vintage indexis by convention set equal to the period intlex

Role: reports the activity of a process and implicitly defines how the capacity is
measured, since the activity is bounded by the available capacity in the constraint

38 In case the dollar control parameter VAR_UC is set to YES, the user constraints are
always strict equalitied£E) with the RHS constants replaced by the user constraint variables
given in the table. The RHS boupdrameter (UC_RHS(R)(T)(S)) are then applied to these
user constraint related variables. See Section 5.20.
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5.2

5.3

5.4

EQ()_CAPACT, e.qg. if the activity of a coal power plant is defined over its electricity
output, the capacity is measured in terms of the output commodity, e.@iedViW
Similarly, if the activity variable represents the input flow of coal, the capacity of the
coal plant is measured in terms of the input commodity, e.g.MW

Bounds: Can be directly bounded by ACT_BND
User constraints:Can be directly referred to by UC_ACT

VAR_BLND(r,ble,opr)

Definition: amount of the blending stoakor in energy, volume oweight units
needed for the production of the blending produetn oil refinery modeling.

Role: used for specifying constraints on quality of the various refined petroleum
products.

Bounds: Cannot be bounded.
User constraints:Cannot be referred to umser constraints.

VAR_CAP(r,t,p)

Definition: the installed capacity in place in any given ygaof all vintages of a
process determined by the equation EEQEPT. The variable is equal to the sum of all
previously made investments in new capacityspany remaining residual capacity
installed before the modeling horizon,that has not yet reached the é@sdemhnical
lifetime, and minus any capacity that has been retired early.

Role: Its main purpose is to allow the total capacity of a proaese toounded. The
variable is only created when

0 capacitypounds (CAP_BND) for the total capacity installed gpecified. In
case only one lower or one upper capacity bound is specified, the variable is
not generated, but the bound is directly used iref@d) CPT constraint.

o the capacity variable is needed in a user constraint, or

o the process is a learning technolotpg) in case that endogenous
technological learning is used.

Bounds: Can be directly bounded by CAP_BND
User constraints:Can be directlyeferred to by UC_CAP

VAR_COMNET(r,t,c,s)

Definition: the net amount of a commodity at pertpdimeslices. It is equal to the

difference between amount procured (produced plus imported) minus amount disposed

(consumed plus exported).

Role: The varidle is only created if a bound is imposed, or a cost is explicitly
associated with the net level of a commodity.

Bounds: Can be directly bounded by COM_BNDNET
User constraints:Can be directly referred to by UC_COMNET
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5.5

5.6

5.7

5.8

VAR_COMPRD(r,t,c,s)
Definition: the amount of commodity procured at time periog timeslices.

Role: this variable is only created if a bound is imposed on total production of a
commodity, or a cost is explicitly associated with production level of a commodity. The
variable is defind through the equation EQE_COMPRD.

Bounds: Can be directly bounded by COM_BNDPRD
User constraints:Can be directly referred to by UC_COMPRD

VAR_CUMCOM(r,c,type,y1,y2)

Definition: the cumulative amount of commodityproduced in regiom between
yearsyl and y2, over all timeslices. Theype indicator (PRD/NET) distinguishes
between gross and net production.

Role: this variable is only created if a bound is imposed on cumulative gross/net
production of a commodity. The variable is defined through tlgatons
EQ_CUMPRD and EQ_CUMNET.

Bounds: Can be directly bounded by COM_CUMNET/ COM_CUMPRD
User constraints:Can be directly referred to by UC_CUMCOM

VAR_CUMCST(r, y1,y2,costagg,cur)

Definition: the cumulative amount of costs/taxes/subsidies accortiinghe
aggregationcostaggin regionr between yearyl andy2, over all timeslices. The
available cost aggregations are identified by thedefemned members of the fixed index
setcostagg

Role: this variable is only created if a bound is imposed enctimulative amount
of regional costs, taxeand/or subsidies. The variable is defined through the equation
EQ_BNDCST.

Bounds: Can be directly bounded by REG_CUMCST
User constraints:Cannot be referred to in user constraints

VAR_CUMFLO(r,p,c,yl,y2)

Definition: the cumulative amount of flow in commodityby proces$ in regionr
between yearyl and y2, over all timeslices. With the commodity namne'ACT'
(reserved system label), the variable represents the cumulative amount of process
activity.

Role: this variable is only created if a bound is imposed on the cumulative amount
of process flow or activity. The variable is defined through the equation EQ_CUMFLO.

Bounds: Can be directly bounded by FLO_CUM / ACT_CUM
User constraints:Can be directly refeed to by UC_CUMFLO/UC_CUMACT
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5.9 VAR_DNCAP(r,t,p,u) / VAR_SNCAP(r t,p)

Definition: VAR_DNCAP is only used for processes selected by the user as being
discrete, i.e. for which the new capacity in periaday only be equal to one of a set of
discrete sizesspecified by the user. For such processes, VAR_DNCAP is a binary
decision variable equal to 1 if the investment is equal to Gizeind O otherwise.
Thanks to an additional constraint, only one of the various potential sizes allowed for
the investment gieriodt is indeed allowed.

VAR_SNCAP is only used for processes selected by the user as having semi
continuous amounts of new capacity, i.e. for which new capacity in pen@y only
be zero or between positive lower and upper bounds specified byethe us

Role: useful to mathematically express the fact that investment in pracess
period t may only be done in discrete or sewmontinuous sizes. See equation
EQ_DSCNCAP inChapter6.

Bounds: Direct bounding not available, indirectly by NCAP_BND
User onstraints: Not available

5.10VAR_DRCAP(r,v,t,p,j)

Definition: this variable is used only for processes selected by the user as having
discrete early capacity retirements, i.e. for which the retirement at pgemnagt only be
a multiple ofa block size, spdéfted by the user. For such processes, VAR_DRCAP is
an integer decision variable equal to the number of blocks retired.

Role: needed fomathematically expressing the fact that early retirement in capacity
of processp at periodt may only be done in disete amounts. See equation
EQ_DSCRET irChapter®.

Bounds: Direct bounding not available, indirectly by RCAP_BND
User constraints:Not available

5.11VAR_ELAST(rt,C,S,j,))

Definition: these variables are defined whenever a demand is declared to be price
elastic. These variables are indexed bwherej runs over the number of steps used for
discretizing the demand curve of commodiy(c = energy service only). Thg"
variable stands for the portion of the demand that lies within discretization irjteoval
side | (I indicates either increase or decrease of demand w.r.t. the reference case
demand). Each ELAST variable is bounded upward via virtual equation
EQ_BNDELAS.

Role: Each elastic demand is expressed as the sum of these variables. In the
objectve function, these variables are used to bear the cost of demand losses as
explainedn Partl, Chapter4.

Bounds: Direct bounding not available, indirectly by COM_VOC/COM_STEP
User constraints:Not available
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5.12VAR_FLO(r,v,t,p,c,s)

Definition: these vaables stand for the individual commodity flows in and out of a
process. If the process is not vintaged, the vintage indedy convention set equal to
the period index.

Role. The flow variables are the fundamental quantities defining the detailed
operation of a process. They are used to define the activity of a process (VAR_ACT) in
a user chosen manner. They are also essential for expressing various constraints that
balance the flows of a commodity, or that control the flexibility of processes.

Bounds: Can be directly bounded by FLO_BND
User constraints:Can be directly referred to by UC_FLO

5.13VAR_IRE(r,v,t,p,c,s,i€)

Definition: the interregional exchange variable (i=IMPort, e=EXPort) that tracks
import (ie=i) or export {e=e) of a commodity betweemgionr and other regions. The
region(s)r drading withr is (are) not specified via this variable, but rather via the
process(esp through which the import/export is accomplished. The topology set
t op _i r e ( of,arexchéngecpioceps)indicates (single) regiom dvith which
regionr is trading commoditg (which may have different names @ regionr éBach
trade process may trade more than one commodity. Otherwise, VAR_IRE operates in a
manner similar to VAR_FLO for conventional processég option exists for trading
with an external region that is not modeled explicitly (exogenous trading). If the process
is not vintaged, the vintage indexs by convention set equal to the period intlex

Role: the role of an IRE variable is to emboaoiiiye amount of a commodity in or out
of a trading process.

Bounds: Can be bounded by IRE_BND (directly for bilateral trade)
User constraints:Can be directly referred to by UC_IRE

5.14 VAR_NCAP(r,v,p)

Definition: the amount of new capacity (or what haslitionally been called
Ai nvest ment 0 i n new-up) atpeiad. Aswijll becerplaioegip aci t y
Section 6.2.2VAR_NCAP represents the total investment in technojogy periodv
only when | L E DwvédrdD(vFiEthe@eribd(letig And, s discussed
furtherin that Sectionwhen ILED+TLIFE < D(v), the model assumes that the
investment is repeated as many times as necessary within the period so that the life of
the last repetition is beyond the end of penoth this case VAR_NEP represents the
capacity level of the single investments. Figure 1 illustrates a case where the investment
is made twice in period (and some capacity still remains after penddThe average
capacity in period resulting from the investment VAR_NCAW is less than
VAR_NCAP(v), due to the delay ILEDt is equal to VAR_NCAP(v)* D(v)/TLIFE)
The average capacity in perigéll due to VAR_NCAP(V) is also less than
VAR_NCAP(v) because the end of life of the second round of investment occurs before
the el of periodv+1. These adjustments are made in every equation involving
VAR_NCAP by the internal parameter COEF_CPT.
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VAR_NCAP

Resulting averagd capacity in period v

Resulting average capacity in|period v+1

ILED TLIFE TLIFE

D(v) D(v+1)

Figure 1: Example of a repeated investment in same period

Role: The new capacity (i.e. investment) varebhre fundamental in defining the
investment decisions, and many other quantities derived from it (for instance process
capacities). They play a key role in the model structure and intervene in the majority of
constraints. They are notably used in equitithat define the conservation of capacity
and those that tie the activity of a process to its capacity. The omnipresence of
VAR _NACP is in part due to the fact that the VAR_CAP variable is not always defined
in TIMES, by design. Note that residual capa®r capacity in place prior to the initial
model year, is handled as a constant in place of VAR_NCAP given by the input
parameter NCAP_PASTI(y), which describes the investment made prior to the first
period in the pastyear

Bounds: Can be directly bunded by NCAP_BND
User constraints:Can be directly referred to by UC_NCAP

5.15 VAR_OBJ(yo) and related variables

Definition: equal to the objective function of the TIMES LP, i.e. the total cost of all
regions, discounted to yeyu.

Role: this is the quatity that is minimized by the TIMES optimizer.

Remark: The next 10 ovariablesdé do not dire
They are used ithe documentation (especiallg&ion6.2) as convenient intermediate
placeholders that capture certain portiofighe cost objective function. The reader is
invited to look atSection6.2 for detailed explanationsn how these various costs enter
the composition of the objective functi ol
reporting parameters that are maa@ilable to the VEDAE resuls analyser, as
shown in &ction 3.3
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5.15.1 VAR_OBJR(r, yo)

Definition: equal to the sum of the various pieces of the total cost of region
discounted to yeafo.

Role: this is not a true variable in the GAMS code. It is usely as a convenient
placeholder for writing the corresponding portion of the objective function in this
documentation. It may also be reported in VEBE.

5.15.2 INVCOST(r,y)

Definition: equal to the portion of the cost objective for ygarregionr, that
comresponds to investments.

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of the objective function. It may also be reported in VEEEA

5.15.3 INVTAXSUB(r,y)

Definition: equal to the portion of the cost objective for ryga regionr, that
corresponds to investment taxes and subsidies.

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of the objective function. It may also be reported in VEEEA

5.15.4 INVDECOM(r,y)

Definition: equal tothe portion of the cost objective for yewr regionr, that
corresponds to capital costs linked to decommissioning of a process.

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of the objective function. It maysal be reported in VED/BE.

5.15.5 FIXCOST(r,y)

Definition: equal to the portion of the cost objective for ygarregionr, that
corresponds to fixed annual costs.

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of theobjective function. It may also be reported in VEBE.

5.15.6 FIXTAXSUB(r,y)

Definition: equal to the portion of the cost objective for ygarregionr, that
corresponds to taxes and subsidies attached to fixed annual costs.

Role: it is used mainly as a coemient placeholder for writing the corresponding
portion of the objective function. It may also be reported in VEEA

5.15.7 VARCOST(r,y)

Definition: equal to the portion of the cost objective for ygarregionr, that
corresponds to variable annual costs.

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of the objective function. It may also be reported in VEEA

5.15.8 VARTAXSUB(r,y)

Definition: equal to the portion of the cost objective for ygarregionr, that
correspnds to variable annual taxes and subsidies.

Role: it is used mainly as a convenient place holder for writing the corresponding
portion of the objective function. It may also be reported in VEEEA
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5.15.9 ELASTCOST(r,y)

Definition: equal to the portion of theost objective for yeay, regionr, that
corresponds to the cost incurred when demands are reduced due to their price elasticity.

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of the objective function. It majsa be reported in VEDAE.

5.15.10 LATEREVENUES(r,y)

Definition: equal to the portion of the cost objective for ygarregionr, that
corresponds to certain late revenues from the recycling of materials from dismantled
processes that occur after the -@fichorizon.

Role: this is not a true variable in the GAMS code. It is used only as a convenient
placeholder for writing the corresponding portion of the objective function in this
documentation. Itmay also be reported in VEDBE as a convenient replacement for
the sum of the components of the total cost.

5.15.11 SALVAGE(r,y o)

Definition: equal to the portion of the cost objective for regipthat corresponds to
the salvage value of investments and othertone costs. It is discounted to some base
yearyo

Role: it is used mainly as a convenient placeholder for writing the corresponding
portion of the objective function. It may also be reported in VEEEA

5.16 VAR_RCAP(r,v,t,p)

Definition: this variable is used only for processes selected by the user as having
ealy capacity retirements. For such processes, VAR_RCAP represents the amount of
capacity of vintage retired in period.

Role: introducedfor supporting bounds on the amount of retired capacity of process
p and vintager in periodt.

Bounds: Can be diectly bounded by RCAP_BND
User constraints: Not available

5.17 VAR_SCAP(rv,t,p)
Definition: this variable is used only for processes selected by the user as having
early capacity retirements. For such processes, VAR_SCAP represents the cumulative
amountof capacity of vintage retired in periodst Ot.

Role: needed in several TIMES equations for adjusting the overall available
capacity of procegs at periodt according to the amount of capacity already retired.

Bounds: Not directly available; indirectly by RCAP_BND / CAP_BND
User constraints: Not available
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5.18 VAR_SIN/SOUT(r,v,t,p,C,S)

Definition: flow entering/leaving at periotda storage procegs storing commodity
c. The process may be vintaged. If the process is not vintaged, the vintage iadusx
convention set equal to the periodlext. For storages between timeslicpsc( stgts9
and nightstorage devicespfc_nsttsg the timeslice index s of the storage flows is
determined by the timeslice resolution of the storage (e.g. DAYNITE for a day storage).
For a storage operating be®veperiods f§rc_stgips), the storage flows are always on
an annual level and hence the timesticethen always set to ANNUAL.

Role: to store some commodity so that it may be used in a time slice or period
different from the one in which it was procdreenters the expressions for the storage
constraints.

Bounds: Can be directly bounded by STGIN_BND/ STGOUT_BND
User constraints: Not directly available; indirectly by using auxiliasyoragelows

5.19 VAR_UPS(r,v,t,p,s,))

Definition: amount of offline capacity (I='N"), stagdup capacity (I='UP’), shut
down capacity (I='LO", or efficiency losses due to partial loads (I='FX") in pdriod
proces® vintage indew.

Role: used for modeling capacity dispatching, stgstcosts as well as partial load
efficiencies, but only when requested so by the user.

Bounds: Not available
User constraints: Not directly available; in timesliedynamic constraints eline
capacity can be referred by UC_CAP, using the ONLINE modifier for CAP

5.20Variables used in User Consaints

The remaining TIMES variables are all attached to user constraints. User constraints are quite
flexible, and may involve any of the usual TIMES variableso variants of formulatingser
constraints exist. In the first case a LHS expressiontagung expressions involving the
different TIMES variables, are bounded by a RHS constant (given by the input parameter
UC_RHS(R)(T)(S)). In the second case, the constant on the RHS is replaced by a variable.
The bound UC_RHS(R)(T)(S) is then applied histvariable. In the latter case, the user
constraints are always generated as strict equalities, while in the first case the equation sign of
the user constraint is determined by the bound type.

f Case 1 (RHS constantskLHS expression=0/ =/ O R)@) (SR H S (
1 Case 2 (UC variables): <LHS expression> = VAR_UC(R)(T)(S)

These user constraint variables are in fact redundant, but quite useful in providing
streamlined expressiom®nstraints (seel@pter 6), an@llow for reporting the slack level of
each UC.Morever, in the case of range constraints, tel}y reduce model sizand the
amount of input dataBy setting the dollar control parameter VAR_UC to YES in thefilen
the variable based formulatios activated (second case). Bgfault, theformulation without
user constrainvariables will be used, and only the marginals of the equations are reported.
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Non-binding user constraints (intoduced for reporting purposes) can only be defined when
the user constraint variables are used (i.e. VAR=BGFES).

Each of the listed variables is related to a specific class of user constraint depending on
whether the user constraint is created for each period, regitime slice or only a subset of
these indices. In addition, some user constraints afiaedefor pair of successive time
periods (dynamic user constraint or growth constraint). Each variable has at least one index
(representing the user constraiiet_n for which this variable is defined), and may have up to
three additional indexes among, ands.

5.20.1 VAR_UC(uc_n)

Variable representing the LHS expression of the user constraint EQE_UC(uc_n) summing
over regionsyc_r_sum), periods ¢c_t_sumn) and timeslicesuc_ts_sun).

5.20.2 VAR_UCR(uc_n,r)

Variable representing the LHS expression of the usmrstraint EQE_UCR(r,uc_n)
summing over periodsu¢ t sum) and timeslicesuc_ts_sum and being generated for the
regions specified inc_r_each

5.20.3 VAR_UCT(uc_n,t)

Variable representing the LHS expression of the user constraint EQE_UCT(uc_n,t) and
the combned LHS RHS expression of the user constraint EQE_UCSU(uc_n,t), summing
over regions c_r_sum) and timeslicesuc_ts_sum and being generated for the periods
specified inuc_t_each/uc_t_succ

5.20.4 VAR_UCRT(uc_n,rt)

Variable representing the LHS expressidrihe user constraint EQE_UCRT(r,uc_n,t) and
the combined LHERHS expression of the user constraint EQE_UCRSU(r,uc_n,t), summing
over timeslicesyc_ts_sum and being generated for the regions specifiedcirr_eachand
periods inuc_t_each/uc_t_succ

5.20.5 VAR _UCTS(uc_n,t,s)

Variable representing the LHS expression of the user constraint EQE_UCTS(uc_n,t,s) and
the combined LHBRHS expression of the user constraint EQE_UCSUS(uc_n,t,s), summing
over regions yc r sum and being generated for the periods dpeti in
uc_t_each/uc_t_sucand timeslices imc_ts_each

5.20.6 VAR_UCRTS(uc_n,r,t,s)

Variable representing the LHS expression of the user constraint EQE_UCRTS(r,uc_n,t,s)
and the combined LHRHS expression of the user constraint EQE_UCRSUS(r,uc_n.t,s),
being generated for the regions sged in uc_r_each the periods inuc_t_each/uc_t_succ
andthetimeslices inuc_ts_each
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6 Equations

This chapter is divided into four sections: the first section describes the main notational
conventions adopted in wrignthe mathematical expressions of the entire chapter. The
next two sections treat respectively the TIMES objective function and the standard linear
constraints of the model. The fourth section is devoted to the facility for defining various
kinds of user onstraints. Additional constraints and objective function additions that are
required for the Climate Module, Damage Cost and Endogenous Technology Learning
options are described in Appendices A, B and C, respectively.

Each equation has a unique name andlescribed in a separate subsection. The
equations are listed in alphabetical order in each section. Each subsection contains
successively the name, list of indices, and type of the equation, the related variables and
other equations, the purpose of tlguation, any particular remarks applying to it, and
finally the mathematical expression of the constraint or objective function.

The mathematical formulation of an equation starts with the name of the equation in
the format:EQ_XXX;jki , whereXXXis aunique equation identifier, arg,k,.., are the
equation indexesamong thoselescribed in chapter 2. Some equation names also include
an index! controlling the sense of the equation. Next to the equation namiggcal
conditionthat the equatiomdexes must satisfy. That condition constitutesditraain of
definitionof the equation. It is useful to remember that the equation is created in multiple
instances, one for each combination of the equation indexes that satisfies the logical
condition,ad t hat each i ndex i n tfikedinteegxpedsionen és 1 n
constituting each instance of the equation.

6.1 Notational conventions

We use the following mathematical symbols for the mathematical expressions and
relations constituting thequations:

The conditions that apply to each equation are mathematically expressed using the
‘symbol (meaning fAsuch thato or Aonly when
involving the usual logic operator@ (AND), U(OR), and NOT.

Within the mathematical expressions of the constraints, we use the usual symbols for
the arithmetic operatorsH(- ,3,/,S, etc).

However, in order to improve the writing and legibility of all expressjove use
some simplifications of the usual mathematical notation concerning the use of multiple
indexes, which we describe in the next two subsections.

6.1.1 Notation for summations

When an expressioA ( i , jis,skmméd, the summation must specify thegeaaver
which the indexes are allowed to run. Our notational conventions are as follows:
When a single index j runs over a edienensional set A, the usual notation is used,

as in: § Expression whereA s a single dimensional set.
i A
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When a summain must be done over a subset of a radilthensional set, we use a
simplified notation where some of the running indexes are omitted, if they are not active
for this summation.

Example consider the @limensional setop consisting of all quadruple§,p,c,io}
such that procegsin regionr, has a flow of commoditg with orientationio (see table 3
of chapter 2). If is it desired to sum an expressigyt,io over all commodities c, keeping

the region (r), process (p) and orientation (io) fixed rebpadyg atr.,prand 61 N6, we wi
write, by a slight abuse of notation: g A(r,, p,,C,'IN") , or even more simply:
d top(r, py.'INY)
a Ar, p,,c,'IN"), if the context is unambiguous. Either of these notations clearly
d top

indicates that, p andio are fixed and thate only active running index ¢
(The traditional mathematical notation would have been: § A(r,, p,c,,'IN"),
{r;,pr.c.'IN }i top
but this may have hidden the fact thasg the only running index active in the sum).

6.1.2 Notation for logical conditions

We use simdr simplifying notation in writing the logical conditions of each equation. A
logical condition usually expresses that some parameter exists (i.e. has been given a value
by the user), and/or that some indexes are restricted to certain subsets.
A typical example of the former would be written dsACTBND psbd Which reads:
At he user has def i ne dpinaegiona timeiperiodt, ymedhoesu nd f or
andsensbdo. The indexes may s o0 metthemane ashheseo mi t t e
attached to the equation name.
A typical example of the latter is the first condition for equatidp ACTFLQy tp,s
(see section6.3.4, which we write simply as:rtp vintyr , which is short for:

{rvt,ptl tpp vintyr ,wi t h t he meaning t hatpinffegioome capac.i
created at period, exists at perioth . Agai n here, the indices ha
notation since they are already listed as indices of the equation name.

6.1.3 Using Indicator functions in arithmetic expressions

There are situations where an expression A is either equal to B or to C, depending on
whether a certain condition holds or not, i.e.:

A= Bif Cond
A=Cif NOTCond

This may also be written as:

A=B3 (Cond) +C3 (NOTCond)

where it is undetsod that the notation (Cond) is thicator functionof the logical
condition, i.e. (Cond)=1 if Cond holds, and O if not.
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This notation often makes equations more legible and compact. A good example
appears in EQ_CAPACT.

6.2 Objective function EQ_OBJ

Equation EQ_OBJ

Indices: region (r); state of the world (w); process (p); timeslice (s); and perhaps
others ...

Type: = Non Binding (MIN)

Related Variables: All

Purpose the objective function is the criterion that is minimized by the TIMES model. It
represents the total discounted cost of the entire, possibly-regitbnal system over the
selected planning horizon. It is also equal to the negative of the discounted total surplus
(plus a constant), as discusse®®RT |, chapters 3 andl

6.2.1 Introduction and notation

The TIMES objective function includes a number of innovations compared to those of
more traditional energy models such as MARKAL, EFOM, MESSAGE, etc. The main
design choices are as follows:

- The objective function may be thought of as thealisted sum ofiet annual
costs(i.e. costs minus revenues), as opposetetgeriod costs. Note that some
costs and revenues are incurred after the end of horizon (EOH). This is the case
for instance for some investment payments and more frequentlgyorgmts and
revenues attached to decommissioning activities. The past investments (made
before the first year of the horizon) may also have payments within horizon years
(and even after EOH!) These are also reflected in the objective function.
However, itshould be clear that such payments are shown in OBJ only for
reporting purposes, since such payments are ensuely i.e. they are not
affected by the model 6s deci si ons.

- The model uses a general discount g (year dependent), as well as
technologyspecific discount rated(t) (period dependent)he former is used to:

a) discount fixed and variable operating costs, and b) discount investment cost
payments from the point of time when the investment actually occurs to the base
year chosen for the ngputation of the present value of the total system cost. The
latter are used only to calculate the annual payments resulting from &lump

39 The actual implementation of OBJ in the GAMS program is different from the one
described in the documentation, since the annualizing of the vaast€omponents is
not performed in the GAMS code of the OBJ equation, but rather in the reporting section
of the program, for improved code performance. However, despite the simplification, the
GAMS code results in an objective function that is fully ieglent to the one in this
documentation.
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investment in some year. Thus, the only place whgteintervenes is to compute
the Capital Recovery FactofGRF) discussed further down.

For convenience, weummarize below theotation which is more especially used in
the objective functioformulation(see Section 6.for generahotes on thaotatior) .

6.2.1.1 Notation relative to time

MILESTONEYEARS: the set of b milestone years (by convention: middle years, see
belowM(t) )
PASTYEARSSet of years prior to start of horizon, for which there is a past investment
(afterinterpolation of user data).
MODELYEARS: any year within the model s hori zon
FUTUREYEARS: set d years posterior to EOH
YEARS set of years before during and after planning horizon
t any member oMILESTONEYEARS or PASTYEARS By convention, a
periodt is represented by its middle year (see beldft)). This convention
can be changed without alteritige expressions in this document.

B() the first year of the period represented by
E(t) the last year of the period represented by
D) the number of years in period By default,D(t)=1 for all past
years. ThusD(t)=E(t)i B(t)+1
M(t): the fAmiddl ed year ofrSinoeperiedh mayhawe year o0

an even or an odd number of yedv§t) is not always exactly centered at

the middle of the period. It is defined as follow&(t) = [B(t)+(D(t)i 1)/2],

where[x] indicates the largestteger less than or equalxoFor example,

period from 2011 to 2020 includes 10
[2011+4.5] or 2015 (slightly left of the middle), whereas the period from

2001 to 2015 has 15 year s, 2008 i ts fAn
(i.e. the true middle in this example)

y : running year, ranging ovéODELYEARS, from Bo to EOH.

k : dummy running index of any year, even outside horizon

\V running index for a year, used when it represents a vintage year for some
investment.

v(p) vintage of procesg (defined only ifp is vintaged)

Bo : initial year (the single year of first period of the model run)

EOH : Last year in horizon for a given model run.

Similarly, by a slight abuse of notation, the above entities are extended as, fall@wsthe
argument is a particular year, rather than a model year

B(y) first year of the period containing yea(instead oB(T(y)))
T(y) the milestone year of the period containing ygd&same asvi(y) in our
present convention)
M(y) : Ami ddalred yoef t he pery(insteada(Tiy) i ni ng year
D(y) number of years of the period containing ygénstead oD(T(y))
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6.2.1.2 Other notation

d(y)

r(y)

ds(t)

rs(t)
DISC(y,z)

CRF1):

OBJ(2):
INDIC(X):

(E)

general (social) discount rate (time dependent, although not shown in
notation)

generaliscount factorr(y)=1/(1+d(y)) (time dependent, although not

shown in notation)

technology specific discount rate (model year dependent)

technology specific discount factors(t)=1/(1+d(t))

Value, discounted to the beging of yearz, of a $1 payment made at
beginning of yeay, usinggeneraldiscount factorD | S C( y y=zay (U Y
Capital recovery factor, using a (technology specific) discount rate and an
economic life appropriate to the payment beingsidered. This quantity

is used to replace an investment cost by a series of annual payments
spread over some span of tiB&Fs={1i r«(t)}/{1i rs(t)F-FE}40. Note that a
CRF using the general discount rate is also defined and used in the
SALVAGE portion of he objective function.

Total system cost, discounted to the beginning of gear

1if logical expressiorx is true,0 if not

is the smallest integer larger than of equdt to

6.2.1.3 Reminder of some technology attributamegeachindexed bw)

TLIFE
ELIFE

DLAG

DLIFE
DELIF
ILED

ILED wmin

Technical life of a technology

Economic life of a technology, i.e. period over which investment
payments are spread (defaulTEIFE )

Lag after end of technical life, after which decommissioning may start
Duration of decommissioning for processes WitED>0, (otherwise =1)
Economic life for decommissioningurposes (defaubLIFE ).

Leadtime for the construction of a proce34.IFE startsafter the end of
ILED

=Min {1/10 * D(t), 1/10* TLIFE } This threshold serves to distinguish small
from large projects; it triggers a different treatment of investment timing.

6.2.1.4 Discounting options

There are alternate discounting methods in TIMES. The default method is to assume that
all payments ocauat the beginning of some year. Alternate methods (activated by a
switch, see PART IIl) assume that investments are incurred at the beginning of some
year, but that all annual (or annualized) payments occur at the middle or at the end of the
correspondingear. Sectio) explains the different methods.

40 This is the default definition adopted fBRF, corresponding to beginniraf-year
discounting. For other discounting options, see Seétion
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6.2.1.5 Components of the Objective function

The objective function is the sum of all regional objectives, all of them discounted to the
same useselected base year, as shown in equd#droelow

EQ _OBJ(2) ' zI ALLYEARS

VAR_OBJ(2z) = § REG_OBJ(zr) (A)

rl REG

Each regional objectiv®©BJ(z,r)is decomposed into the sum of nine components, to
facilitate exposition, as per expression (B) below.

EQ_OBJ(z,r) ' zI ALLYEARSTI REG

8INVCOSTy) + INVTAXSURY) + INVDECOM(y) +
1
.. FIXCOST(y) + FIXTAXSURY) + SURVCOSTY) +
REG_OBJzr)= & DISy,2)°| ) ®Y) )
yi (- 8+ 9 1VARCOSTy) +VARTAXSURY) + ELASTCOSTY) -
T LATEREVENWES(Y)

- SALVAGHZ)

(B)

< = o=

The regional index is omitted from the nine components for simplicity of notation.

The first and second terms are linked to investment costs. The third term is linked to
decommissioning capital costs, the fourth and fifth tenm fixed annual costs, the
seventh and eighth terms to all variable costs (costs proportional to some activity), and
the ninth to demand loss costs. The tenth cost (actually a revenue) accounts for
commodity recycling occurring aft&tOH, and the elevehtterm is the salvage value of
all capital costs of technologies whose life extends beydd. The 11 components are
presented in the nine subsecti@n&2 t06.2.10.

6.2.2 Investment costs: INVCOST(y)

This subsection presents the components of the olgeitthction related to investment
costs, which occur in the year an investment is decided and/or during the construction
leadtime of a facility.

Remarks

a) The investment cospecified by using the input attribute NCAP_CG3ibuld be
the overnight investmemost (excluding any interests paid during construction)
whenever the construction lead time is explicitly modeled (i.e. cases 2 are used, see
below). In such a case, the interests during construction are endogenously calculated
by the model itself, as Wbe apparent in the sequel. If no leade is specified (and
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thus cases 1 are used), the full cost of investments should be used (including interests
during construction, if an§.
b) Each individual investment physically occurring in ykaesults in sstream of
annual paymentspread over several years in the future. The stream starts in year
kand coversyeals, k + 1, &1, whéreEEIEElIisRhE economic life of
the technology. Each yearly payment is equal to a fra@RRof the investment
cost(CRF= Capital Recovery Factor). Note that if the technology discount rate is
eqgual to the general discount rate, then the stredfhI6fE yearly payments is
equivalent to a single payment of the whole investment cost located &t year
inasmuch as bothalve the same discounted present value. If however the
technol ogyd6s discount rate is chosen diff
stream of payments has a different present value than the lump sumlatltyesar
the user 6s r es p onolegy depehderit discoun rateshaocb s e t ec h
therefore to decide to alter the effective value of investment costs.
c) In addition to spreading the payments resulting from investment costs, a major
TIMES refinement is that the physical investment itself does not ateusingle
year, but rather as a series of annual increments. For instance, if the model invests
3 GW of electric capacity in a period extending from 2011 to 2020, the physical
capacity increase may be delayed and/or may be spread over several years. The
exact way the delaying and spreading are effected depends on several conditions,
which are specified further down as four separate cases, and which are &inction
both of the nature of the technology and of the length of the period in which the
investment akes pl ace relative to the technol o
investments and the spreading of payments described in the previous paragraph
help guarantee a smooth trajectory for most investment payments, a more realistic
representation than \ahhappens in other modelhe Casd.aexamplegiven
belowshows a case where the physical investment is spread over four years, and
each incrementdés capital payments are fur
d) The above two remarks entail that payments of investiowsts may well extend
beyond the horizon. We shall also see that some investment payments occur in
years prior to the beginning of the planning horizon (cases 1 only).
e) Taxes and subsidies on investments are treated exactly as investment costs in the
objective function.
f)  Since the model has the capability to represankmaterials and energy carriers
(i.e. those embedded in a technology at construction time, such as the uranium
core of a nuclear reactor, or the steel imbedded in a car), these sunkditiesmo
have an impact on cost. Two possibilities exist: if the material is one whose
production is explicitly modeled in the RES, then there is no need to indicate the
cost corresponding to the sunk material, which will be implicitly accounted for by
themodel just like any other flow. If on the other hand the material is not-speci
fically modeled in the RES, then the cost of the sunk material should be included
in the technologyb6s investment cost, and
investment costs.

41 1deally, it would be desirable that casese used only for those investments that have no
lead time (and thaino interestluring construction). However, if casesate employecvenfor
projects withs i gni f i c aseshouldiave éheir,IDAhcluéed in the investment cost.

145



The four investment cases

As mentioned above, the timing of the various types of payments and revenues is
made as realistic and as smooth as possible. All investment decisions result in increments
and/or decrements in the capacity of a process, at vaiimes. These increments or
decrements may occur, in some cases, in one large lump, for instance in the case of a
large project (hydroelectric plant, aluminum plant, etc.), and, in other cases, in small
additions or subtractions to capacity (e.g. buyingatiring cars, or heating devices).
Depending on which case is considered, the assumption regarding the corresponding
streams of payments (or revenues) differs markedly. Therefore, the distinction between
small and large projects (called cases 1 and 2\)etall be crucial for writing the capital
cost components of the objective function. A second distinction comes from the relative
l ength of a projectodos technical l i fe vs. tf
Namely, if the life of an investmerg less than the length of the period, then it is clear
that the investment must be repeated all along the period. This is not so when the
technical |l ife extends beyond the periodébs e
four mutually exclusivecases, each of which is treated separately. In what follows, we
present the mathematical expression for the INVCOST component and one graphical
example for each case.

Case l.a If ILED, ¢ILED,,,, and TLIFE +ILED, 2 D(t)
(Small divisible projects, nonrepetitive, progressive investment in period)

Here, we make what appears to be the most natural assumption, i.e. that the
investment occurs in small yearly increments spread linearly Dfteryears. Precisely,
the capacity additions start at yed(t)-D(t)+1, and end fayear Mt), which means that
payments start earlier than the beginning of the period, and end at the middle of the
period, see example. This seems a more realistic compromise than starting the payments
at the beginning of the period and stopping thenhateind, since that would mean that
during the whole period, the paid for capacity would actually not be sufficient to cover
the capacity selected by the model for that period.
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Investment g
Case 1.a Example: PO _____] and paymen
D(t)=4, TLIFE=5,ELIFE=3 DU THREL L. o .
= ayment:
M(t)=B(t)+1 onK/
B(t) M@
EQ_INVCOST(y) deals with linear investment buildup, over a span eq
period length, ending at middle of period
Min{ M (t),y} 2 ~
. o aVAR NCAP Q
INVCOSTy) = 4 INDIC(La) 3 a @ ——= L +NCAP_PAST|§
ti MILESTONE; PASTYRS v=Max M (t)- D(t)+1,y- ELIFE,+1} C D(t) -
3 CRFS 3 NCAP_ COST ensures that payments stop after ELIF

Useful Rangefor y:

{M(t)- D(t) +1, M(t) + ELIFE, - 1}
(I.1.a)

Comments The summand represents the payment effected inywedwe to the
investment increment that occurred in yedrecall that investment payments are spread
overELIFE). The summand consists of three factors: the first is the ambimtestment
in yearv, the second is the capital recovery factor, and the third is the unit investment
cost.

The outer summation is over all periods (note that periods laterTifyarare
relevant, because wherfalls near the end of a period, thenpxe r i od6s i nvest mer
have already started). The inner summation is over a spBitlofentered aB(t), but
truncated at yeay. Also, the lower summation bound ensures that an investment
increment which occurred in yeaihas a payment in yegronly if y andv are less than
ELIFE years apart.
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Case 1.b if ILED, ¢ ILED,,,, and TLIFE, +ILED <D(t)
Small projects, repeated investments in period

Note that in this case the investment is repeated as many times as necessary to cover the
period length (see figure). In thcase, the assumption that the investment is spread over
D(t) years is not realistic. It is much more natural to spread the investment over the
technical life of the process being invested in, because this ensures a smooth, constant
stream of small investents during the whole period (any other choice of the time span
over which investment is spread, would lead to an uneven stream of incremental
investments). The number of-irevestments in the period is calléd, and is easily
computed so as to cover thitire period. As a result of this discussion, the first investment

cycle starts at yea(B(t) - TLIFE /2) (meaning the smallest integer not less than the

operand), and endeLIFE years later, when the second cycle starts, etc, as many times as
necessarto cover the entire period. The last cycle extends over the next period(s), and that
is taken into account in the capacity transfer equations of the model. As before, each
capacity increment results in a streaniEbfFE payments at yeass w1, etc.

Case 1.kExample D(t)
Investment
D=5, TLIFE=4, ELIFE=3 TLIFE ;nfzar;?emfz
_..ELFE__ ayment
only:
B(t)
INVCOST(y) =
N Min{y,<B(t)—TLIF.E.,/2>+C3TLIFEI—1} VAR NCAP
& INDIC(Lb)3 a VAR _NCAR, CRF.3 NCAP_COST
ti MILESTONE v=Max{(B(t)- TLIFE, / 2),y- ELIFE, +1 TLIFE

Relevant range foy:

{(B@)- TLIFE /2), (B(t) - TLIFE /2) +C3 TLIFE, +ELIFE, - 2}
(.1.b)
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Commentsthe expression is similar to that in cdse., except that i) the investment
is spread over the technical life rather than the period length, and ii) the investaient cy
is repeated more than once.

Case 2.a:ILED, > ILED,;,, and ILED, +TLIFE 2 D(t)
(Large, indivisible projects, unrepeated investment in period)

Here, it is assumed that construction is spread over thetilrad(a very realistic
assumption for large projects), and aejpy becomes available at the end of the lead time,
in a lump quantity (see figure).

Investment: ,|I'r
and payment ’

D(t)

Payment
TLIFE only:

Case 2a&Example: ILED

D(t)=8, ILED=4
TLIFE=6,ELIFE=3

deals with linear investment buildup, over a g
of ILED, starting at beginning of period

g

Min(B()+ILED;-1y) S\/AR NCAFI)(N)
3 _

INVCOSTY)= & INDIC(23) 3 & CRF, 2 NCAP_COST.1e0,
ti MILESTONEEARS k=Max{ B(t).y- ELIFE, +1}.C ILED, e
teT(y)
. MinG-1y)  ANCAP_ PAST] §
+ 3 INDIC(2a) ° 3 gNCAP_PASTLS, CRE s NCAP_COST

ti PASTYEARS k=Max{t- ILED, ,y- ELIFE +1C ”—EDt =

Useful Range for y:
{B(t), B(t) + ILED, + ELIFE, - 2}
(1.2.a)
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Commentt he main difference with case | .1. a)
starts at yeaB(t) and ends at yed@(t)+ILED¢i 1 (see example). As before, payments for
each year 0s conBEUFEyears. i on spread over

Case 2.b:ILED >ILED,,,, and TLIFE +ILED, < D(t)
(Large, indivisible Projects, repeated investments in period)

Investment [ #
2b Example: and payment:
D()=13, ILED=4

TLIFE=5ELIFE=3 Investment
Payment onl

c=2

D(®)

ILED

TLIFE TLIFE

B()

This case is similar to case 1.2.a, but the investment is repeated more than once over
the period, each cycle beinf_IFE years long. As in case |.2.a, each construction is
spread over one lead tim&ED. In this case, the exact pattern ofglg investments is
complex, so that we have to use an algorithm instead of a closed form summation.

ALGORITHM  (Output: the vector of paymentB(y) at each year y, due to
VAR_NCAB

Step 0: Initialization (NI(u) represents the amount of new investhmeade in yean)
NI, (u):=0 " B(t) ¢u¢ B(t)+ILED, +(C- 1) TLIFE, - 1
Step 1:Compute number of repetitions of investment

c - /DW)- ILED,
TLIFE,
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Step 2:for each yeau in range:
B(t) ¢ u ¢ B(t) + ILED, +(C- ) JLIFE, - 1
Compute:

Forl =1toC
Foru=B(t)+(l - )ALIFE, to B(t)+(l - )QLIFE +ILED, - 1
NCAP_ COS—E(t)+(I - 1)3 TLIFE, +ILED,

NI, (u) := NI, (u) + ILED,

Nextu
Nextl

Step 3:Compute payments incurred in ygaand resulting from variabMAR_NCARP
For eactly in range:

B(t) ¢ y ¢ B(t) +(C- 1) OLIFE, + ILED, + ELIFE, - 2
(1.2.b)
Compute:

y
R(y) = & NI, (u)3 VAR_NCAR? CRF,

u=MaxB(t),y- ELIFE, +1}

END ALGORIT HM

INVCOSTYy) = & INDIC(2b)2 P(y)

ti MILESTONEStCT (y)

6.2.3 Taxes and subsidies on investments

We assume that taxes/subsidies on investments occur at precisely the same time as the
investment. Therefore, the expressitih¥ TAXSUB(y¥or taxes/subsidies are identical to

those for invesnent costs, withNCAP_COSTreplaced by: (NCAP_ITAX i
NCAP_ISUB).
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6.2.4 Decommissioning (dismantling) capital costdNVDECOM(y)

Remarks

a) Decommissioning physically occurs after the-efitife of the investment, and may
be delayed by an optional lag perPdAG( e. g. a fAcooling offo of
dismantling may take place). The decommissioning costs follow the same patterns
and rules as those for investment costs. In particular, the same four cases that were
defined for investment costs are still apgble.

b) The same principles preside over the timing of payments of decommissioning costs
as were defined for investment costs, namely, the decomposition of payments into a
stream of payments extending over the economic life of decommissiDiihd;.

c) At decommissioning time, the recuperation of embedded materials is allowed by the
model. This is treated as explained for investment costs, i.e. either as an explicit
commodity flow, or as a credit (revenue) subtrabiethe usefrom the
decommissioning cost

g) Decommissioning activities may also receive taxes or subsidies which are
proportional to the corresponding decommissioning cost.

EQ_COSTDECOMy) ' yi ALLYEARS

Case l.a) If ILED, ¢ ILED,,,, and TLIFE +ILED, 2 D(t)
(Small divisible projects, nonrepetitive, progressive inestment in period)

In this case, decommissioning occurs exatllyFE+DLAG years after investment.
For small projects (casdsaandl.b), it is assumed that decommissioning takes exactly
one year, and also that its cost is paid that same year (this sathe as saying that
DLIFE=DELIF=1). Any userdefined DLIFE/DELIF is in this case thus ignorddchis is
a normal assumption for small projects. As shown in the example below, also payments
made at yealy come from investments made at perid¢y) or earlie. Hence the
summation stops at(y).

INVDECOM(y) =

) AVAR_NCAPR 5

A INDIC(La)® By =NCAR | NCAP_PAST| 8 NCAP_DCOST 1\
ti MILESTONESG PASTYEARS c D(t) - '

teT(y)

L& if M(®- D) +1+TLIFE +DLAG ¢y ¢ M() +TLIFE, + DLAG
i 0 otherwise

(Il.1.a)

Comment:Note that the cost attribute is indexed at the year when the investment
started to operate. We have adopted this convention throughout the objective function.
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Example Ill.1.a: Investment: ?:‘
D(t)=4, TLIFE=5
M(t)=B(t)+1 D(t) Decommissioning ‘\
DLIFE=DELIF=1 and payment k
TLIFE
< »>
., s ‘\hq
> , ,\"x
7 My
NN
B(t) M(t)

Case 1.b) if ILED, ¢ ILED,,,,, and TLIFE +ILED <D(t)

(Small projects, repeated investments in period

This cost expression is similar to I.1.b, but with payments shifted to the right by
TLIFE (see example). The inner summation disappearsubecaf the assumption that

DELIF=1. Note also that past investments have no effect in this case, because this case
does not arise&shen D(t)=1,which is always the case for past periods.

(I1.1.b)
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