Recent MARKAL/ANSWER
Enhancements

Gary Goldstein
International Resource Group

Ken Noble
Noble-Soft Systems, Australia

ETSAP Annex X Meeting

Stanford University

l 3 n‘ Noble-Soft Systems
29 June 2007 ANSWER Energy Modeling Software



Outline

€ Major Enhancements

J MARKAL time-stepped formulation allows n-Period
look-ahead {IEA-ETP support}

JANSWER ,smart®“ | oad templ a
Excel spreadsheets {USAID SEE-REDP and USEPA
support}

€ Minor Improvements

J Report writer enhancements to report electricity/heat
generation by timeslices and calculate the expenditure
on fuel by technology {USEPA support}

 Ability to include the annual emission total variable
Ilg/ (R_EM) in user constraints fi§ Noble-Soft Systems

ANSWER Energy Modeling Software



MARKAL Time-stepped n-
Period Look-Ahead

& Allows the number of periods optimized at the
same time to be set by the user

& After each solve the initial period in the group is
“fi1 xed” and the next per

@ Stepping stops once the last period is included in
the group solved

€ Simply set MTS_NPRD = n-Period (default 1, for
SAGE)
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ANSWER ASmart o

Basics

€ The workbook is linked with a particular MARKAL
database for unit/period, set and parameter

Information

®VBA “macro” enables wvar.i
actions to be undertaken
®Si x kinds of “smart” she

 Single declaration sheet for name, description, set
membership, description and units for
Commodities/Technologies/Constraints

J Any number of data sheets for
Commodities/Technologies/Constraints
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ANSWER nSmart o
Basics (Cont.)

€ Only those items declared are available for
selection on Data sheets and pass Checking, but
any may be included on the data sheet as long as
already defined in the database at import time

®  Reserved” rows for col u
specification [as established] on the data sheets

€ Once an entry is made it holds on the all rows
below until another entry is encountered

& Data can be provided in any (column) order
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ANSWER nSmarto
Basics (Cont.)

& Year designation may be

[ Blank for all periods

U A single period

A period range (yearl-year?2)

&® Region qualifiers by row or column

®Ext ensi ve checkin
done on each “ s ma
Check Sheet Button
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Template Use |
Linking with a Database

Security Warning

"C:\IRG\elQC 2\SEE-REMS [Task 1\RESetc\SEE-REDP_RSD_Croatia_v1-050627g
g.xls" contains macros.

a

................................

oK i Cancel |
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Template Use i

Button Sheets Descripti®n
@

Set Declaration Presents the ANSWER Set specification form, with the primary Tree and Additioral

Membership Characteristic, for designation of s|let
Form is component (commodity, technology, constraint) sensitive.

@

Units Declaration Presents the ANSWER Units specification form for selection of the appropriate uits
associated with the item. Form is component (commaodity, technology, constraint
sensitive.

Check Sheet| All Performs thorough Quality Control checks on the information contained in the acPve
sheet. Checks are component (commodity, technology, constraint) sensitive. [No
cursor position sensitive.]

Name/ All Data Establishes a link from a Data sheet to the associated component declaration sheet.

Description/

Units

@

Parameters | All Data Presents the list of Parameters that are permitted according to the component type.

Quialifiers All Data Once a Parameters has been

Commin Tech_Data Establishes a link from the Data sheet to the commodity declaration sheet to identify

Comm-Out the commodities flowing into and leaving each technology, thereby defining the
topology of the RES.

®

TechName Const_Data Establishes a link from the Data sheet to the technology declaration sheet to the
technologies involved in a user defined constraint. Such constraints enables a uger to
establish relationships between groups of technologies (e.g., min/max market shiare for
a fuel type, renewable portfolio standards).

@
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Template Use i

Decl ar at O N

E3 Microsoft Excel - SEE-REDP_COM_Croatia_w1-050708hbdvr

(] Fle Edit View Insert Format Tools Data  Window Help Type & question for help  [v// o & X
DEEE RS S0P E %G P98 =8 %S 75% - @lad =1 % s A-l
iigg fag By ) =y K ) < | [ #h) - | ¥ Reply with Changes... End Review... !
C1 - I
A B B o E [ F [ & ]
Commoditie CROATIA ||
| 2 |
3
4 | chesx snsst
. Ensray sets Matsrial sts E
5 Set Memberships
o Communtt| Demand Ssts | Emission sets |
7 c CommDese CommUnil Set Memberships Comment
& |" Upstream Energy Carriers need for the Dummy Processes Set Memberships
3 BI0w00 Fuel waod Pd ENT_ENC.ESY.5LD
10 COABRO Erown Coal ENT.ENC.EFS.SLD [ Energy Carrier (ENT) Adiional Characteraton
i COALIG Lignite ENT.ENC.EFS.SLD 2 Standard (£1C) o
12 ELC Electricity ENT.ELC d * Liquid (LIQ}
1 GASGWE GG ENT.ENC.EFS.GAZ I3 Conservation (ECV) € Solid (SLD)
:; E;?NAT ualulalgas E:I_EI[\I:._EFS_GAZ |8 Fossil (EFS) € Gaseaus (GAZ)
jeat . " " N
1 OLosT Distillate ENT.ENC.EFS.LIQ B3 High-Temp Heat or Cooling (EHC)
7 OILHFO Heawy Fuel il ENT.ENC.EFS.LIQ B3 Nuckear (ENU)
& DILKER Kerosens ENT.ENC.EFS.LIQ 3 Renewable (ERN)
] OILLFG LFG ENT.ENC.EF5.GAZ .
20 |* all COM Energy Carriers =2 S.ynthemc (ESY)
2 COMEID Fuel wood ENT.EMC.ESY.SLD I3 Electric (ELC)
2z COMCDA Coal ENT.ENC.EFS.SLD B, District Heat (LTH)
23 COMELC Electricity ENT.ELC P .
24 COMBAS Gas ENT.ENC.EFS.GAZ B3 Fossil Equivalent (FEQ)
25 COMLTH Heat ENT.LTH
2 COMLPG LFG ENT.ENC.EFS.GAZ
27 COMOIL il ENT.ENC.EFS.LIQ
28
23 | * all COM Demands
30 | ooaling cify Commodity Unit X ﬁ%
El CCLE Commercial Cooling Large Existing
:2 CCsE Commerzial Cooling Small Existing DM,DM_RES,DM_NDFTDIS To specify a Unit, click on the Unit in the treeview and then
34 | heating click on the OK button (or just double-click on the Unit in the
R CHLE e Edt vew Incerc Fomst o treeview).
ES Chgg B BT Eew E amat =R
:; - Ded & & @ B
* hat water
38 Cwly Summazy Log File created on Sunday, Rugust 28, 2005 at 04:14 EM o Billion vehicle kilometers (By-km)
3 Cwst Million tons (Mt}
4z | other **+ CHECK COMMODITIES SHEET (Commodities, CROATIA) *** Petajoules (PJ}
|45 | CFO! i i i in PJ) (PJ7)
| 43 | Check ALl Commoaicy Names Petajoules (if ENTs being totalled are all in PJ} (PJ?)
% Eg¥ 7777777777777777777777777 Thousand tons (kt)
e = 211 of the Nemes in the CommName column are COK. Tons )
—:; CRES Check For Duplicate Commodity Names unit of refinery (uref)
e |- unit of volume for MVOs (uvol)
| 49 |" all Emissions: There are no Duplicate Names in the CommName columm. . . {urvol)
50 coz unit of weight for WATs (uwt)
_:‘2 MOX Cneck All Commodity Descriptions unit vel (if M\VOs being totalled are allin uvol) (uvol?)
| 52 | . S R . . )
53 211 of the Descriptions in the CommDesc column obey ANSWER conventions. unit wt (if MWTs being totalled are al in uwt) (uwt?)
54 unit(?) of DMs being totalled (unitDM?)
55 Check A1l Commodity Units
56 --
57 A1l of the Units in the CommUnit column are valid.
58
53 Check 211 Commodity Set Memberships
50
] 211 of the Set Memberships in the Set Memberships column are valid. 2 Cancel U
| &2 | For Help, press F1
53 T —
M <« » W[\ Energy_Baknce % Commeodities / Technologies § Constraints { Demand_Data 4 DM_Calib_CC # Technology Data_CC £ DM_cCalb_CH { Technology Data_CH 4 DM_Calb_CO 4 Technolo|< | =
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Template Use i
Data nNnSmarto

E3 Microsoft Excel - SEE-REDP_COM_Croatia_v1-050708hbdvr

(] Fle Edit View Insert Format Tools Data  Window  Help
7 3| Al Z :
HEN=N" BERE = NS PR ARSRAERA N NIRRTt aN- W R !.*‘”ﬁ' - - B
H =~ =
N et Wt B e | S ) A g | ¥ Reply : Re:
H15 - A =DM_Calib_CHH15*DM_Calib_CH!G15+DM_Calib_CWIH13*DM_Calib_CWIG13
A B I = [ o [ E | F [T | d | L [ M| N Name: Set Members| -~
1 |TechData CROATIA COMPRC
| 2 | B arz)(v) lability for season, time of day con
| 3 | B aF_tm Fraction of unavailability which is forced outage con
s | creex snt | Tecnrem s, Teendese. TacT. ToaP imits commin | commout B ARAF Annual reservoir availability HDE
g | Paramster LFE | RESID | ©F | capuniT | maEnT) | ouTom | EFF | ouTon BOUND(LO) Lower Bound on capacity CON,DMD,PRC -
Callee] ) BOUND(FX) Fixed Bound on capacity CON,DMD,PRC
- B sounp(ur) Upper Bound on capacity CON,DMD,PRC
7 TechMame  TechDese Units _ CommiN CommOUT | TID 2000 TID B Lower Bound on activity: conversion{ process technology con,prRC
] CHLECOAIND | Com.Space HeatLarge.COA.00.Stove. P, Puta COMCDA CHLE W 0541 10 10 10 050 BOUND(PQ)O Fixed Bound on activity: conversion/ process technology conprC
3 CHLEELCIOD | ComSpace HeatLarge ELC.00Furnace P, Puta COMELC CHLE 3 043 05410 10 10 030|078 ) BOUND(UP)O  Upper Bound on activity: conversion/ process technology CconPRC
W TowLe 022 [ BOUND(LO)Or  Lower Bound on activity: resource technology SRCENCP
1 CHLEELC200 | Com.Space Hest Large ELC.00 Stove. PJ,Puls COMELE CHLE W oaw 054 10 0 10 050 B BouND(PQOr  Fixed Bound on activity: resource technology SRCENCP
12 CHLEGASI00 | Com Space Heat Large GAS.00.F P, Puta COMGAS CHLE 30 155 054 10 10 10 070 078 B BOUND(UPJOr  Upper Bound on activty: resource technology SRCENCP
= om.Space HeatLarge. rnace. e - = CAPUNIT Units of activity/unit of capacity CON,DMD,PRC
MER CWLE B CEH)(Y) Ratio of electricity lost to heat gained D
14 CHLEGAS200 | Com Space HeatLarge GAS.00.Stove Pu,Pdta COMGAS CHLE 30 0541 10 10 10 070 B Annual utilisation DMDXPR
15 CHLELF100 | Com.Space Heat Large LF/G 00 Furnase. Fu.Futa COMLPG CHLE a0 10 10 10 0Es | 0.78 B cr@)v) Utilisation for season, time of day an
5 "CwLE 022 cosT Annual resource cost SRCENCP
" CHLELTHINN | Com Space HeatLarge L TH.00 Fiadistor FuJ.Fis COMLTH CHLE L 0541 10 n 10 10 078 B cost_TID Salvage value of stockpiled energy carrier at end of horizon SEP_STK
e | e oan B an Total resource availability SEP_EXP,SEP_IMP,SEP_MIN,SEP...
— r B pecay Limit rate at which technology capacity can be reduced CON,DMD,PRC
13 CHLEOILIOD | Com Space HestLarge.OIL00Furnace. Pu,Pdta COMOIL | CHLE 30 455 0540 10 10 10 056 078 B pEcavr Limit rate at which resource activity can be reduced SRCENCP
20 CWLE 0.22 DELIV(ENT) Annual delivery cost TCH i)
21 CHSECOAI00 | Com Space Hest Small COA.00.Stave. P, Pdta COMCOA CHSE 30 004 0540 10 10 050
=) ” o o Cnoce oot oo 00 Ewnace == Cra " 0 0 g 0 10 030 078 | Both TS and TID Parameters j Parameters Shown, Excluded OK. Cancel ‘
| 23 | Select Technology (Name, Description, Unit(s) will be transferred to TechName, TechDesc, Unit(s) columns) 022
24 0 090
5 0 007
= Name Region Set Memberships ooe =
Ea Iy @ T T T qETT 0 oo Select Commodity (Name will be transferred to CommiN column)
£ Bl CCSEELC100 CROATIA Com.Cooling.5mallELC.00.Fans. TCH,DMD 10 086 | 078
| 23 | B cropeLc100 CROATIA ‘Com.Cooking.ELE.00.Stove. TCH,DMD 0.22 e = e e
% B CFODGAS100 CROATIA Com.Cooking.GAS.00.5tove. TCH,DMD w w g ;2 e o ey
| B CFODLPG100 CROATIA Com.Cooking.LPG.00.Stove. TCH,DMD 10 ee Fore B E&i E"'“""”cf’:?’":'"‘-';"mﬁ:' [D"J’E:C‘;z's: DFTOIS
= B CHLECOA100 CROATIA Com.5pace Heat.Large.COA.00.Stove. TCH,DMD 0En O o oM RES DM |
a4 | Bl CHLEELC100 CROATIA Com.Space Heat.Large.ELC.00.Furnace, TCH,DMD ) B crop Commercial Cooking DI/DH._RES,DH_NDFTOIS
| 34 | 3 pa rge-ELL.00. g ” CHLE Commaercial Heating Large Existing DM,DM_RES,DM_NDFTDIS
:z CHLEELC200 CROATIA Com.Space Heat.Large.ELC.00.Stove. TCH,DMD B chse Commercial Heating Small Existing DHM.DHM_RES.DM_NDFTDIS
Bl CHLEGAS100 CROATIA Com.Space Heat.Large.GAS.00.Furnace. TCH,DMD Bamr Commercial Lightning DM.DM_RES,DM_NDFTDIS
% Bl CHLEGAS200 CROATIA Com.Space Heat.Large.GAS.00.5tove. TCH,DMD o2 Carbon Dioxide -
| Bl CHLELPG100 CROATIA Com.Space Heat.Large.LPG.00.Furnace. Ao B coaBro Brown Coal ENT,ENCEFS,5LD
e | Bl CHLELTH100 CROATIA Com.Space Heat Large L TH.00.Radiator R e B coALIG Lignite ENT,ENC,EFS,SLD.
] B CHLEOIL100 CROATIA Com.Space Heat.Large.0IL.00.Furnace. nEE SR & a. & comBIo Fuel wood ENT,ENG,ESY,SLD
4 Bl CHSECOA100  CROATIA Com.Space Heat.5mall.COA.00.Stove. — B comcoa Coal ENT,ENC,EFS,5LD.
a3 Bl CHSEELC100 CROATIA Com.Space Heat.5malLELC.00.Furnace. : ’ B COMELC Electricity ENT,ELC
| 44 | B cHseELC200 CROATIA ‘Com.Space Heat.Small.ELC.00.Stove. COMGAS Gas ENT,ENC,EFS,GAZ
% Bl CHSEGAS100  CROATIA Com.Space Heat.5malL.GAS.00.Furnace. B comwee LP& ENT,ENC,EFS,GAZ
el B CHSEGAS200 CROATIA (Com.Space Heat.Small.GAS.00.Stove. COMLTH Heat ENT.LTH |
| B CHSELPG100 CROATIA Com.Space Heat.Small.LPG.00.Furnace. ALl af the Hames in che Techame columm maceh Tec! ze comon oil 3 3 ENT,ENGEFS,L1Q
43 B cHSELTH100 CROATIA Com.Space Heat.Small.LTH.00.Radiator R s Hames bn TechDate B 2‘:;" 2“'“'“”!’:?:? I(_'_E:ttr_'c'“’ z:'gxfi’z:*:z:;ﬁ
50 Bl CHSEOIL100 CROATIA Com.Space Heat.5mall.OIL.00.Furnace. N ommeres Tt e RESDM 1
o1 B cLrreLcioo CROATIA Com.Ligh ELC.00 Incandescent. Tnere are no Duplica . CREF Commercial Fridges and Freezers DM,DM_RES,DIM_NDFTDIS
? @ - 'g 0! » I B N N B cwie Commercial Hot Water Large Existing DM,DM_RES,DM_NDFTDIS
ea | CLITELC200 CROATIA Com.Lighting.FLC.00.Halogen. AT SRR fames fn Technats Shestne B cwse Commercial Hot Water Small Eisting DM,DM_RES,DM_NDFTDIS
(54 | N column match Commodity Names o ELC Electricity ENT,ELC b
55
56 ok Cancel
Bl 311 of the mames in the ComeUT oo
| 58 | k ALl Paremetes Columms O
53
&0 311 of the Pazamer a
W 4 » W[\ _Energy Baknce / Commodides £ Technologies / Constraints £ Dermfrsre mesrs DM_Calib_cO 4 Technolo [< | =
Ready
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Template Use

Loading Templates into ANSWER

B Import Model Data from Excel

EE)X

Import Model Data from Excel allows Item, TS and TID data in one or more Microsoft Excel Files to be

imported into an exizting ANSWER database.

Excel Files to be Imported

C:hanswer'5NSEE_Templates\SEE-REDP_SUFP+UPS_Croatia_wO.=lz
C:hanswer5NSEE_Templates\SEE-REDP_AGR_Croatia_w1.xls
C:hanswer5NSEE_Templates\SEE-REDF_COM_Croatia_w1.x#ls
C:WneweryBWSEE Templatesh\SEE-REDP IMD Croatia +w1.:ls
. SEE Template

SEE-REDF

iS50 Croatia 1.5z

Target Scenano

Add
Remove

Remove All
Up
Dn

Regions...

L e

|CALIE

Options
[w Strang Checking of TS and TID Data Parameters Details...
" Merge/Owvenarte infarmation in the T arget Scenano with that on Sheets being Imparted Details...
i~ Before Import, Delete information in the T arget Scenario far Items on Declaration Sheets Details...
f* Before Import, Delete Al Infarmation in the T arget Scenario for Region(s] being Imparted Detailz.
[w Uze LIFE to zet RESID where just first perind RESID v 5et [BOMD[F=] = 0 where RESID specihed
f* Prompt uger to decide whether ta Impart, far each Excel File that has erors
" Import only from Excel Filez that are errar-free, without prompting
" Import eror-free records from all Excel Files, without prompting

| Irpark |

Cloze |
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Minor Improvements

€ Reporting electricity/heat generation by
timeslices and calculate the expenditure on
fuel by technology

Jd$SSET TO0O4TD “YES” for gener
Jd$SSET TO8TD “YES” for consu
A$SET T25FE “YES” for fuel

€ The emissions variable (R_EM) may now be
Included In user constraints

J Parameter RAT_EM
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