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l. Introduction

A. Purpose and Organization of this Users Guide

The purpose of this User's Guide is to complement other documentation of VEDA (VErsatile
Data Analyst) and TIMES (The Integrated MARKAL EFOM System) by explicitly describing
how the Pakistan Integrated Energy Model (Pak-IEM) is organized and used. It is not meant
to be exhaustive in nature; rather, it is designed to be used in conjunction with the Pak-IEM
Final Report: Volume | — Model Design to describe the various aspects of Pak-IEM within the
VEDA/TIMES paradigm. The goal is to provide a roadmap to the overall model and data
organization and a step-by-step manual for managing Pak-1EM.

This User's Guide is organized as follows:

e Section | provides the context of this guide and its relationship to other related
documentation.

e Section Il gives a basic overview of the input templates, explaining their organization
and content.

e Section Il provides guidelines on how to best use VEDA to manage the templates
and oversee the model data.

e Section IV provides procedures for running the model and creating new scenarios.

e Section V describes the processes for examining the results of model runs and
preparing these for presentation.

In addition, the Appendices present the mechanics of working with the PIEM_Analytics
workbook and a series of Exercises for new users.

The User’s Guide is designed to be used both as a training manual, whereby a new user can
proceed through the entire manual to become familiar with Pak-IEM and how to work with it,
and as a reference guide for experienced users who need to review or refresh themselves
on a particular aspect of using Pak-IEM.

B. Relationship to Related Documentation

The main Pak-IEM model documentation can be found in the Pak-IEM Final Report: Volume
I — Model Design, where the general structure and philosophy underlying the model are
presented, as well as the sector specifics, with an emphasis on data needed and the
associated data sources. This Guide assumes that the reader is familiar with the Pak-IEM
Model Design, and focuses instead of the practical maintenance and use of Pak-IEM.

This guide is also complemented by the VedaSupport website —
http://www.kanors.com/vedasupport/ — maintained by KanORS, the VEDA developer. The
website, while a work in progress, provides the main resource with respect to the philosophy
and use of VEDA. All Pak-IEM experts should make time to browse through the
VedaSupport website.

Figure 1 depicts the VEDA/TIMES modeling environment, where VEDA-Front_End (VEDA-
FE or VFE) manages the input data templates and submits the model runs to TIMES, where
GAMS (General Algebraic Modeling System) generates the model mathematics and solves
it, passing the results to VEDA-Back_End (VEDA-BE or VBE), which assists with the
analysis of the model results - including passing them to the Pak-IEM Analytics workbook
(discussed later).
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Figure 1: Overview of the VEDA/GAMS/TIMES Modeling Environment

Since the VedaSupport site serves as the official VEDA documentation, and will be kept
current with new features and examples added as needed, this Guide will not repeat the
information contained there. Instead, the Guide will draw attention to the most often used
facilities in VEDA to be employed when working with Pak-IEM.

Il. Organization of the Data and Model

A. Folder Structure and Content

Each model maintained by VEDA resides in its own folder
(drive:\VEDA\VEDA_Models\PIEM_TMPL_<date>) for handling the model input and
associated internal VEDA-FE (VFE) databases, and has a related VEDA-BE (VBE) database
set for handling the results in another folder (drive:\VEDA\VEDA_BE\Databases\PIEM_VBE.
For Pak-IEM each time a major new release of the model is created the <date> tag is to be
updated. [Whenever a new PIEM_TMPL_<date> archive is distributed it should be deposited
and unRAR/ZIPed in the \VEDA\VEDA_Model folder, as the <app_input> folder saved when
creating the archive. Similarly, when a VBE is exchanged as PIEM_VBE(<date>) it is
deposited in the \VEDA\VEDA_BE\Databases folder and then extracted into the PIEM_VBE
folder (be sure to rename the current PIEM_VBE beforehand).

Within  the VEDA philosophy and structure the files and folders in
\WVEDA\VEDA_Models\PIEM_TMPL_<date> root folder are organized along the lines
described here, with specific naming conventions.

e \VEDA_ Models\PIEM_TMPL_<date> — corresponds to the root folder containing
various model templates described below.

o Pak-IEM_EnergyBalance — has the initial year (2006-7) energy balance,
which is linked to from other templates. [Note, NOT a VEDA related file,
strictly internal to Pak-IEM.]
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o VT_PAK' <sector> — Base Year (BY) templates containing the

representation of the initial year energy system. There is one file for each
energy system sectors handled, for Pak-IEM these include AGR, COM, ELC,
IND, RSD, SUP and TRN (as discussed further in Section 11.C).

SysSettings — containing special VEDA declarations for the region(s), time
periods, time-slices, and import settings.

BY_Trans — with the default declarations for certain values for certain
parameters.

xModelTemplateTracking_<date> — contains a table listing each of the Pak-
IEM input templates and is intended to be used as part of (manual) version
control producers to keep track of which member of the Planning Team is
responsible for the various templates, and the status of each template with
respect to undergoing revisions. See Addendum B for a discussion of
template version control. [Note, NOT a VEDA related file, strictly internal to
Pak-IEM.]

o \Databases — contains the internal VEDA databases managed by VFE and should
not be touched.

e \Logs - contains any reports generated by VFE during import/synchronization
(SYNC) of the templates, and should not be open here (as they can be viewed via
the Navigator).

e \SubRES_TMP -

0 SubRES_NewTech — contains the complete characterization for all new
resource and technology options. [The _Trans transformation file is only
relevant for multi-region models, and therefore is not used for Pak-IEM.]

o \SuppXLS

0 Scen_REF-<qual> — contains information for tailoring of the reference
scenarios, such as power plant build rates, demand sector fuel share
evolution, etc.

0 Scen_Pol-<alt scenario> — are files containing alterations applied to the B-
Y/SuUbRES files to shape the Reference Scenario and define sensitivity runs.

0 Template-Scen_ZPolicyRuns_<date> — is a tool to facilitate the creation of
new or modified policy scenarios, and can be used to create new policy
scenario files.

o \Demand - holds the demand allocation series mapping in

Dem_Alloc_Series and the three ScenDem_ DEM_ PIEMLow/Med/Ref
demand projection scenarios.

A diagram of the Pak-IEM folder structure is provided in Figure 2. Note that the BY templates
are hyperlinked to data in the Energy Balance template, which is not directly read by VFE.
The Energy Balance and BY templates should be rather stable and are not likely to change
until it is decided to update the model base year sometime in the future.

1 Note that VFE requires the explicit naming convention of VT_ followed by the Region (as declared in the SysSettings file and sector name (with any other

characters desired, though not used for Pak-IEM).
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Similarly, it is not anticipated that the BY_Trans or SysSettings templates will require
adjustment, other than when new Milestone (run) periods are declared (by means of the VFE
Advanced menu).

Finally, the Model Template Tracking file is stored in this folder, but is for internal use by the
Planning Team to assist in tracking changes to the model templates. Likewise, the Policy
Runs Scenario Template is stored with the actual scenario files, but it is a tool for generating
scenarios and is not read by VFE.

VEDA_Models

PIEM_TMPL_<date>
|

VT_PAK_TRN
—» Demand

SysSettings

xModelTemplate

Tracking_<date>
BY_Trans Dem_Alloc_Series

VT_PAK_AGR
Databases SubRES_TMP SuppXLS Logs
VT_PAK_COM
1
Scen_REF-<qual>
VT_PAK_ELC Pak-IEM_ SubRES_NewTech
EnergyBalance %l Scen_Pol-<alt scenario> |
a| VT_PAK_SUP |
Template-
VT_PAK_RSD Scen_ZPolicyRuns_<date>
J

ScenDem_DEM_PIEM
Low/Med/Ref

Figure 2: Pak-IEM VEDA_FE Template Structure

B. Pak-IEM Workbook Template Organization

The templates constitute structured Excel workbooks that contain all the data embodied in
Pak-IEM, from original data sources reference material, to the various component
declarations and characterizations required for a TIMES model. Each BY, Demand and
NewTech workbook is organized along similar basic themes, as shown in the Figure 3
example, which is taken from the power sector workbook. Each template consists of four
main worksheet types, tabs color coded as noted below:

Status Information (reddish) — contains descriptive information related to each
workbook. This includes version control (Legend), Reference Energy System
diagram (RES), units (Conversion/Currency) and the like.

Declaration (green) — the components of the RES (commaodities and processes) are
declared in this workbook. Operational characteristics of each component need to be
explicitly declared to indicate how it fits into the energy system (e.g., is a technology
a power plant or demand device, is a commodity an energy carrier or an emissions).

Source Data (blue) - the actual source data from which model inputs are derived,
including transformations as necessary.
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o VEDA Load Sheets (yellow) — those input sheets actually processed by VEDA,
where the data from the Source Data sheets are prepared for the model and needed
direct entries are made.

| Template Guide

Name Description
RES Reference energy system diagram
ReviewComments Table to input comments based on template review
Commodities Definition of commodities used in sector (Model load table)
Processes Definition of processes used in sector (Model load table)

Existing PP Model load table, characterising end use technologies across different subsectors
Sector_Grid Maodel Ioad table, characterising grids (and associated EFF losses)
Sector_Fuels Model load table, characterising technologies that track sector fuel consumption

Emissions Model load table, with subsector emission factors for CO2, NOx (BY only) and SO2 (BY only)
NTDC_ElecMtkData Data from NTDC (2008), Electricity Marketing Data (Power System Statistics)
PEPCO_Therm Data provided directly from PEPCO on thermal plants

PEPCO_HydelProd Data provided directly from PEPCO on seasonal hydro generation

KESC_Therm Power plant information provided directly by KESC

PakEYB2007-ELECT Power sector information from EYB 2007

PakEYB2007-Renewable Renewable generation information from EYB 2007

NEPRA_HydroCosts Hydro O&M costs (calculated by MEC based on NEPRA tariff determination)
NEPRA_ThermalCosts Thermal plant O&M costs (calculated by MEC based on NEPRA tariff determination)
Nuclear PP Information on nuclear generation existing plants

Conversion Energy conversion units

Currency Currency exchange and deflator values [to be included]

Legend
Status information

Overview | Model declarations

Model load sheets
Primary data sheets (used in load
Miscellaneous

Figure 3: Color Coding and Example of Worksheets in a Pak-IEM Input Template

It is also worth noting that there is a color convention for text and values used in the
templates, to allow the analyst to quickly understand whether the text / value are fixed, linked
or calculated. This convention is shown below.

User input (and fixed text)
Linked cell reference
Calculation

C. Relationship of the Templates and the Pakistan Energy System

The templates are organized along sector lines, where the base year data is kept in
dedicated workbooks, the new technology options are on sector sheets in the NewTech
workbook, and the demands for all sectors are found in the demand workbooks with sheets
for each sector. The first two groups are then supplemented by information in the REF-
<area> for tailoring of the Reference scenario. For the most part each of the workbooks is
self-contained, with two exceptions. Firstly, all the BY sector workbooks are linked to the
Energy Balance workbook, as the starting point or cross-check for the sector consumption
as part of the calibration process. Secondly, the SySettings file (described in section 11.D.1)
is also linked to the Energy Balance workbook, to get data on model global assumptions. In
addition, as discussed in Section I.D, some of the BY data is "grabbed" for the REF-<area>
workbook by means of the VEDA "fill table" facility as part of establishing future fuel shares.
These shares inhibit the system from changing too dramatically with respect to what energy
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is consumed and in which sectors across the energy system (though this can be readily
adjusted for sensitivity runs as desired).

This section goes on to describe in more detail the organization of each of the workbooks,
explaining both the role of each of the types of worksheet and highlighting the key
parameters that the analyst may want to change in view of new information. For specific
linkages to different data sources, the analyst is encouraged to review the templates in detail
(which are transparent as linked directly to data assumptions), and refer to the Pak-IEM
Final Report: Volume | — Model Design for a description of the key sources.

1. Role of the Energy Balance and Relationship to the Sectors

The workbook PaklIEM_EnergyBalance-2007 contains all of the information relating to
Pakistan’s energy balance in 2006/07, the year that the Pak-IEM model is calibrated to,
based upon the Pakistan's Energy Year Book. This workbook, which is not a model
template, plays a very important role in ensuring that the model base year is fully calibrated
to real world statistics. This is done by linking all BY (base Year) templates to this workbook,
specifically the worksheet EnergyBalance. When Pak-IEM is re-calibrated in the future, this
would be the key worksheet to update. This should be relatively straightforward, as the
structure of the Energy Year Book data workbook has been retained.

The EnergyBalance worksheet holds the majority of the core energy balance numbers,
including final consumption by sector and fuel consumed for electricity generation.
Therefore, BY templates only link to this specific worksheet. The majority of the other
worksheets provide additional data from Pakistan's Energy Year Book 2006-7 (EYB2007),
to supplement the core energy balance data sheet, PakEYB2007_MIX.

All of the BY templates contain information from the energy balance workbook in the same
location — rows 3-5 on the main sector worksheet i.e. those worksheets that contain the
primary model tables for upload into the VEDA-FE database. For example, for
VT_PAK_COM, the relevant worksheet is labeled Commercial. To ensure the integrity of the
links to the BY templates, the energy balance workbook must always be labeled
PakIEM_EnergyBalance-2007. This relationship can be seen in Figure 4 below for natural
gas to the sector.
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Figure 4: Commercial Sector Template Link to BY Energy Balance 2006/7

The energy balance does not provide all of the information required on energy consumption
in Pakistan. It is estimated that there is a level of illegally imported (black market) diesel in
Pakistan. This has been estimated as the difference between the diesel total reported in the
Energy Year Book and that calculated (based on bottom-up approaches) for use in
agriculture and transport sectors (see section VIE in the Model Design Report for further
information). The calculations to estimate and cross-check diesel consumption can be found
in worksheet Oil balance. The second source of energy not captured in the Energy Year
Book is biomass, a fuel of major importance for cooking, particularly in rural communities.
The detailed estimates of biomass consumption can be found in worksheet
BiomassEstimates. Section Ill.D of the Model Design Report provides a description of the
how biomass consumption has been estimated in the base year.

In addition to holding energy balance information, this workbook is also used to check the
model calibration. Two worksheets are used for this purpose — VBE_Tables and Calibration.
The calibration checking process is described in detail in section IV.B of this report.

The energy balance workbook also has a worksheet labeled Global, which provides many of
the global parameters required in the model including:

e Timeslice structure
e Discount rate
e Peak Reserve Margin

This information is used in the model through links with the SySettings file (described in
section D below). Therefore any changes to these global assumptions should be made in
PakIEM_EnergyBalance-2007/Global.

2. Supply and Upstream

The resource supply and upstream sector (in the base year) is characterized in model
template VT_PAK_SUP. There are four worksheets containing model load tables (worksheet
tab shaded yellow), listed in Table 1.
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Table 1. Model Load sheets in VT_PAK_SUP

Worksheet Description

Model data to characterize domestic energy resources, import and export
options available in 2006/07. Key parameters include:

SupplySteps e Energy costs

¢ Annual production bounds

e Cumulative reserves

Pipelines Represents the capacity of the gas transmission and distribution network.

Characterizes the existing refinery plants as individual technologies. Key
parameters include:

e Refining capacity

e Product slate (current and future)

e Efficiency of process

e Operating costs

Upstream

Model table to aggregate all CO2 commaodities to a single commodity TOTCO2
Emissions (using COMAGG attribute). It is useful to have a single commodity for tracking
total emissions or setting single (multi-sectoral) emission targets.

All worksheets in the BY template are listed and briefly described in the Legend worksheet.
SupplySteps worksheet
This worksheet characterizes energy resources into the following groups:

Indigenous production of energy by regional resource (rows 18-60)

Imports (rows 61-73)

Exports (rows 74-84)

Renewable resources (rows 85-98);

Others (nuclear, black market diesel, load shedding, materials) (rows 99-114)

To ensure that the level of resources in the BY corresponds to that shown in the energy
balance (rows 5-7), \I: CheckSum are included in the worksheet. For example, the
CheckSum in cell Q40 compares the BY domestic oil production based on the field level
data with the aggregate energy balance values. If the values do not match, an error is
flagged, with the difference value indicating the degree of divergence.

A full description of the data assumptions is provided in the Pak-IEM Final Report: Volume
I — Model Design. Here we describe the mechanism for changing those assumptions, where
the analyst has new or improved data to use.

Domestic production of enerqy

The key parameters that the analyst needs to be aware of for each domestic energy
resource are listed in the tables below. These tables should provide the analyst with an
understanding of where to make changes to the range of data assumptions in the worksheet.

Table 2. Modeling of Domestic Oil Resources

Data assumption Description
Based on current year production levels, and assumed for future
Maximum (UP) share of years of production a cumulative level is entered in Col-F. Associated
associated gas gas always likely to be taken by the model (despite not being forced)
because low additional cost.

% Resources options available in future years (but not utilized in the base year) are characterized in
SUbRES_ NewTechs/SUP.
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Energy costs

In absence of production costs, prices are factored on import prices
in the CommodityPrices sheet (currently 70%, see cell N17), see next
section. Projected forward based on WEO 2009 — see cells D13:K13.
Associated gas production adds additional 5% of crude cost (see cell
N47).

Annual production limits

Data from Oil Fields, Prod. & Res. and Ass. Gas Fields, Prod. & Res.
is brought to Col-Q for the base year. These values would need to be
changed if model base year is adjusted and re-calibrated.

Future year production limits (column S) are based on maximum
annual production levels from Government projections from CRD-
Projections-DGPC. These are relaxed in future years based on
factors in column Z.

Reserves

Column V sets the proven reserves based on information in the
worksheet Oil Fields, Prod. & Res. and Ass. Gas Fields, Prod. & Res.
Reserves can be increased based on a reserves factor (column X), to
account for new discoveries in future years. [Note the use of
FLO_CUM, not CUM, as limit needs to be on commodity where two
commodities (GASASS / OILCRD) are produced.]

Table 3. Modeling of Domestic Gas resources

Data assumption

Description

Energy costs

Prices based on average well head prices by region, sourced from
Gas Fields, Prod & Res. Projected forward based on WEO 2009 —
see U13:X13, are gathered on the CommodityPrices sheet and linked
to the load sheet, see next section.

Annual production limits

Base year levels from Gas Fields, Prod & Res appear in Col-Q.
Future year production limits in Col-S are based on maximum annual
production levels from Government projections (see NG-Projections-
DGPC). These are relaxed in future years based on factors in
columns Z-AA.

Reserves

Reserve levels are in column W as taken from Gas Fields, Prod &
Res. Reserves can be increased based on a reserves factor (column
X), to account for new discoveries in future years.

Table 4. Modeling of Domestic Coal Resources

Data assumption

Description

Energy costs

Prices based on EYB2007 information is gathered on the
CommodityPrices worksheet from Coal Price Projections, and include
projections to 2015, see next section.

Annual production limits

Base year levels from Coal Reserves 2007 appear in Col-Q. Future
limits (columns S-U) are arbitrary due to a lack of available information
but take account particularly of the energy needs of the domestic brick
kiln industry in future years.

A UC in REF-ELC (worksheet Supply) controls the future share of
domestic coal production based on the BY shares. This ensures that a
single region cannot provide all Pakistan’s domestic coal requirements
(as markets are region specific)
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Reserve values in column W are taken from Coal Reserves 2007).

Reserves [Note that the Thar resource is included in the SUbRES_ NewTechs

template.]

Commodity Price Assumptions

The CommodityPrices worksheet is where the current and future prices for domestic and
imported commaodities are established, as described in the above tables. This is a critical
sheet that will be subject to ongoing updates as current domestic prices and international
projections are published. It is therefore important that this is adequately described.

oll

The imported crude price in 2006/07 is estimated in worksheet Comb-CRD-Prices,
based on information sourced from the EIA. The estimate uses weekly spot prices of
different Middle East crudes to develop an annual average (see cell BF65).

This price for imports is then projected forward based on WEO 2009 — see cells
D13:K13.

Due to lack of domestic crude production costs, the domestic price is set at 70% of
the import price (based on the factor in cell N16). All fields assume this price.

While this value may not be the exact price seen in the market, it serves the
modeling purpose of ensuring lower domestic crude costs in the model. This issue
has always got to be considered if changes to prices are introduced into the model.
The projected domestic price is also based on the WEO 2009 estimates.

Future development of the crude resource supply could include a supply cost curve
and a move towards production costs, rather than the current import price proxy.

Oil products

The price of domestic oil products seen in the model is endogenously calculated
based on the imported / domestic crude price, and the annualized investment / O&M
cost of domestic refineries.

Imported oil product prices are based on Ex. Refinery prices from the Energy Year
Book 2008 (see EYB0O8 POLprice / EYB08_FOprice), with a multiplier (of 1.2) to
ensure import prices are higher than domestic prices (see cell N25 in
CommaodityPrices). Projected prices are based on the WEO 2009 estimates.

Exports use the same price estimates as imports but have a multiplier of 0.6 to
ensure that refineries do not switch operation to focusing on profit maximization
through export sales (see cell N26 in CommodityPrices). The primary purpose of
allowing exports is to allow the refinery sector to produce efficiently based on their
product slate, allowing for excess production of specific oil products to be exported.
[Note that export prices have to be expressed as negative values in the model load
table.]All oil products can be both imported and exported. The only annual resource
limits on imports / exports relate to base year estimates (column Q in SupplySteps),
with an interpolation rule of -1 to ensure the bounds are not extrapolated.
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Figure 5. CommodityPrices Worksheet
Natural Gas

e Unlike domestic crude, natural gas resource costs are based on wellhead prices
associated with the different fields. For each region, these are “binned” into three
cost categories, aligned with the resource zone. This is shown in worksheet Gas
Fields, Prod & Res. This information in collated in cells D43:D45 of the
CommaodityPrice sheet.

e Domestic gas prices are projected forward, based on WEO 2009 projections.

e In the base year, there are no natural gas import options. However, such options are
available in future years, and emerge as important resource options under the
Reference case. The costs of imported natural gas are described in section 5 below,
titted New Technologies.

Coal

o Coal prices for domestic coal are based on information in the EYB2007 (shown in
worksheet Coal Price Projections), including projections out to 2015. Prices are
differentiated between regions.

o Projections of domestic coal prices beyond 2015 are based on assumptions from
European models (see cells V19:719).

e Import prices are currently set at 20% higher than the most expensive domestic
resource. This estimate is calculated directly in the SupplySteps worksheet.

Other resources
For other resources, the analyst should be aware of the following assumptions:

e Annual biomass resources observed in 2006/07 are extrapolated to all future years
(based on interpolation rule 5 — see column R). Prices can be found in
CommodityPrices; note that the “free” resource is calculated as biomass price
multiplied by reduction factor of 0.2 (in cell 162).

e Bagasse and MSW resources (current and projected per annum) are estimated in
worksheet BiomassSupplyData.
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e Imported and domestic nuclear resources are available. The current RES limits
imports to existing and planned nuclear plant and uses domestic resources for future
builds. No resource limits have currently been assumed.

e The base year level of black market diesel is sourced from PaklEM_EnergyBalance-
2007.xIs/Oil balance. Future levels of this resource are controlled by UC
SL_BMARKET_DSL (found in scenario file REF-DMD). The price is set at +20% of
the imported diesel price.

e The dummy load shedding technology is introduced in row 107. Shares allocate this
dummy electricity to different sectors. A detailed description of the approach can be
found in section IV.C.2 a) (4) of this report, under the description of how to set up the
Reference scenario run.

e Technologies for material imports of coke and iron ore (for the iron and steel sector)
can be found on rows 113:114.

Pipelines worksheet

This worksheet characterizes the current gas network capacity in Pakistan (see cell M15). It
is simply the amount of gas coming on to the network in the base year divided by a utilization
factor (cell R15, assumed to 95%). In terms of system losses, an efficiency factor is derived
as the difference between total production and consumption covering pipeline and gas
processing losses. [Note that the gas processing stage has not been modeled separately in
this version of the model.]

Gas is supplied seasonally to meet different levels of demand during different periods of the
year. Therefore, the pipeline technology (and resource processes) need to be defined as
SEASON in the Process definition sheet. This is an important issue that needs to be kept in
mind if the natural gas production and distribution parts of the RES are further developed.

Upstream worksheet

The refinery sector is characterized in this worksheet. Most of the assumptions in the
worksheet relate to the base year. These include:

e Crude input level [cells S16:S22]
Share of import / domestic crudes used [cells M16:N22]
Refining capacity (based on maximum crude processing level) [cells U16:U22]
Product output levels [cells T16:T22 for aggregate levels, cells C16:J22 for shares]
Efficiency (cells W16-22). Note that the efficiency is input normalized for refinery
processes (input over output), meaning that in modeling terms the input crude is
designated the primary commodity group. In the process definition table (Processes
worksheet), this is denoted by NRGI in the PrimaryCG column. Refineries are
modeled this way due to the large number of output commaodities.

However, there is a range of assumptions that could be changed for determining existing
refinery operation in future years. Table 5 describes the key assumptions that the analyst
may want to change in view of new or improved information. Some of the assumptions in the
table are currently based on information provided by refineries, in worksheet
RefinerySuppliedData.

Table 5. Flexible Assumptions in the Upstream Worksheet

Data assumption Description

Currently the capacity level is fixed over the model time horizon (column Q
in the model load table). [A stock reduction factor in column X allows for the
2040 stock level to be adjusted; the stock level would then be interpolated
between the BY and 2040. The interpolation rule is set in the BY_Trans
file.]

Capacity level in
future years

Pak-IEM Final Report Volume Il — Users' Guide Page 12



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

The upper limit on import versus domestic crude use is set in cells
016:P22. This reflects current crude input shares but allows for more
flexibility on input mix.

Crude import versus
domestic resource

Cells C36:J41 allow for the relaxation of the product output shares in future

Product slate flexibility years, by around 10% in most cases except gasoline.

Column R of the model table sets the minimum level of refinery operation in
future years. This level can be changed by adjusting the values in cells
N26:N32.

Minimum level of
refinery operation

3. Power Plants

The power generation sector (in the base year) is characterized in model template
VT_PAK_ELC. There are two sector-specific worksheets containing model load tables
labeled Existing_PP and Sector_Grid, discussed next.

Existing_PP worksheet

Basic Structure

This worksheet handles all of the information relating to the existing power plants, each of
which is characterized individually. With the exception of the plant retirement profile, the
values in this worksheet are unlikely to need updating unless the model base year is
changed. All of the key plant characteristics are based on reported data (columns E-M,
except column J), drawing on data from the following worksheets (all of which is unpublished
except the first worksheet listed):

e NTDC_ElecMtkData — Electricity Marketing Data (Power System Statistics),
published by NTDC

e PEPCO_Therm — data for PEPCO thermal plants, and independent power producers

(IPPs)

PEPCO_HydelProd - data for WAPDA hydro plants

KESC_Therm - data for plants on the KESC system

NEPRA_HydroCosts — tariff data to determine O&M costs for hydro plant

NEPRA_ThermalCosts — tariff data to determine O&M costs for thermal plant

Four sets (2007-2010) of availability factors for hydro plant are provided in columns N-Y (see
worksheet PEPCO_HydelProd). The plant retirement profile is provided in columns Z-AU.
For PEPCO thermal plant, the retirement profile is based on information provided by the
Pak-IEM Planning team. For all other plants, it has been calculated based on typical lifetimes
of different plant types, as provided in cells AP20:AP23 for IPPs and cells AO26:AQ26 for
other plants.

Important associated user constraints on existing power plant operation are labeled
UC_ExELEUtil<Plant Name>, and can be found in scenario file Scen REF-
ELC/ForcedOperation. These constraints ensure that existing plants operate at least at the
level observed in the base year, subject to an analyst provided relaxation factor.

Other important constraints for this sector can be found in Scen_REF-ELC/ MinShare_Prod:

e UC_ShareDualGasOil (row 11) forces a minimum level of centralized generation from
gas, oil and duel-fueled plants.

e UC_EXELEULtII ETHSDENG-GEN-E (row 20) ensures minimum utilization of existing
diesel generation, based on current year levels.

e UC_EXELEULtil Rental (row 26) ensures minimum utilization of rental plants (existing
and new).

Calibration
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Columns BB-BR are critical for ensuring that the fuel consumption from all of the individual
plants is calibrated to the energy balance values. The first step is to calculate the fuel
consumption by plant, based on the reported values — see columns BD-Bl. The aggregate
consumption values from these calculations are shown in cells BD107:BI107, with the
difference from the energy balance in cells BD114:BI114. Based on this difference, an
adjustment factor to apply to the efficiency values can be estimated; the adjusted efficiency
factors are then used in the model load table to ensure calibration.

The calibration can be checked in worksheet Calibration. The VEDA-BE update routine can
be used to update the table CL_Power Plants Fuel Use and Generation, and compare the
aggregate values from the model output to the energy balance data, in cells Q63:V64.

Near term calibration (2007-2009) is also considered at the aggregate level, by forcing a
minimum level of grid-based electricity. This is done through the use of LO activity bounds in
REF-ELC/ MinShare_Prod (see cells H32:H34).

Peak demand

It is important that the model captures the system’s peak demand for electricity, as this has
important implications for the type of generation options that need to be built. To achieve
this, demand for energy services are specified by timeslice, in the scenario file REF-FRs
described later in this report (see section IV.C.2). These determine when the peak demand
for electricity occurs by aligning the timing and adding the amount of electricity called for by
each of the demand activities in each timeslice; in the Pak-IEM model, it is in timeslice SP
(summer peak) which has the highest aggregate demand for electricity.

The associated constraint in the model is the Peaking Reserve Constraint. This constraint
imposes the requirement that the total capacity of all processes producing a commodity at
each time period must exceed by a certain percentage the average demand in each time-
slice, where the peak occurs thereby forcing the total amount of installed capacity. This
percentage factor, the peak reserve factor, is set by attribute COM_PKRSV in
SySettings/Constants according to the value entered on the Pak-IEM_EnergyBalance/Global
sheet (15% for Pak-IEM). It ensures that the system has a certain degree of resilience (or
spare capacity) to safeguard against factors that could lead to load shedding or black outs.

The constraint has to be turned on by putting a flag in the commaodity definition table, in the
field PeakTS, which is done in VT_PAK_ELC/Commodities for the main central electricity
commodity (ELCC). This can be either ANNUAL if unsure of which timeslice the peak occurs
(a peak equation is generated for every timeslice) or the name of the timeslice in which peak
demand occurs if known with certainty.

Sector_Grid worksheet

The electricity grid is modeled in two main parts — transmission (GTRANELC-E) and
distribution (GDISTELC-E). Both have efficiency factors, representing both technical and
non-technical losses on the system; these values are calculated in cells C23:D23 in
worksheet Existing_PP .

Due to the relatively high level of losses, the model appears to move away from the existing
grid system quite quickly, investing in a much more efficient grid network. (Infrastructure
investment costs may also be potentially too low, attracting investment). To prevent such
unrealistic outcomes, lower activity bounds have been introduced (see column N-P) in the
model load table, ensuring that the system operates at a minimum level.

The capacity of the system is expressed in terms of GW, based on the existing generation
level (cell H21 in worksheet Existing PP) and assumed utilization level (column R of the
model load table). New plant build requires the system to invest in more network capacity, as
the assumed utilization level is at 95%.

Pak-IEM Final Report Volume Il — Users' Guide Page 14



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

4. Demand Sectors

The main worksheet in each of the sector BY templates is labeled <Sector Name>, except
for industry, which has a specific worksheet for each industry subsector. These worksheets
contain the core model load table for each demand sector, and generally have a similar
structure as described below.

e Energy balance information (at the top of the worksheet), sourced directly from the
energy balance workbook, PaklIEM_EnergyBalance-2007.

e Decomposition shares are located below the main energy balance estimates, either
derived from a bottom-up stock-based approach or using a top-down estimation
approach. These shares allocate the energy consumption (reported in the energy
balance) to individual subsectors, and technology types within those subsectors.

e Below the decomposition shares is the model load table, which characterizes the
individual technologies, including the energy they use (calibrated to the energy
balance totals), base year capacity, efficiency, availability and O&M costs. From this
table, the base year useful energy demand can be estimated. BY useful energy
demands provide the seed value for the demand drivers, described in section 6
below.

In addition to the <Sector Name> and Demand worksheets just discussed, all BY templates
also have VEDA-input worksheets labeled Sector_Fuels and Emissions. The Emissions
worksheet simply allocates emission factors (CO,, SO, and NOXx) to different technologies.

The Sector_Fuels worksheet defines technologies that track fuel consumption across the
sector. These are often referred to as X-Process technologies, and are identified by a
technology name built with an “X” and then sector/fuel e.g. XINDELC for electricity to the
industry sector. In most cases, the technology capacity in the base year (defined using the
parameter Stock) uses the annual consumption level. However, this is not the case for X-
Processes tracking gas or electricity, which have a sub-annual temporal resolution. In these
cases, the stock in the base year must reflect the maximum capacity at the seasonal (for
gas) or daily timeslice level (for electricity). This stock value is therefore represented as the
maximum consumption of energy in any given time period (divided by the period length i.e.
fraction of the year). These calculations are undertaken below the main Sector_Fuels model
table. These need to be re-calculated if sector timeslice shares (COM_FRs) are adjusted in
the Scen_REF-FRs.

Finally, in worksheets <Sector Name> and Sector_Fuels there are a set of model tables
containing the attribute VA_SectFuelCons. These tables collect information on energy
consumption across different sectors in the base year, which is then used in user constraints
(UCs) in the scenario file REF-DMD to control fuel switching rates (via FILL tables).?

4.1. Agriculture (AGR)

In template VT_PAK_AGR, the energy consumed in the agriculture sector is split between
four subsectors — water pumping, tractors providing road haulage, tractors providing farm
operations, and other uses, e.g. heating for buildings. To allocate energy use to each
subsector, shares have been derived (see cells C15:F18) based on information from the
2004 Agricultural Census, provided in worksheet MachineryCensusEstimates.

These shares are applied to the energy balance values to derive the final energy
consumption in each subsector (see cells C25:G28). The exception to the rule is for diesel,

3 Dummy technologies are used in conjunction with attribute VA_SectFuelCons. Because these
dummy technologies only capture selected data, and are not part of the model RES, an
INFORMATION error is observed on import of model templates in VFE.
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the consumption of which is not provided in the Energy Year Book. Diesel consumption is
therefore calculated directly from census data (see cell C10).

Table 6 lists the key data in the MachineryCensusEstimates worksheet, used as the basis
for deriving subsector fuel consumption estimates. In general, the values that could be
changed by the analyst are colored black, with yellow shaded cells. Pink colored values are

calculations, based on the key source data from the census.

Table 6. Key Assumptions for Deriving Subsector Fuel Shares

SubSector

Source data

Additional description

Cell reference

Tractors

Stock by tractor size

B10:B15

Tractor activity

This is the amount of time a tractor is
typically used in a day, and number of days
used per year.

C10:D15

Activity type

These values attribute fraction of time
tractors used to farm operations; the rest of
the time is considered to be haulage.

F10:F15

Efficiency

Efficiency is represented as average
consumption per hour of use. Both farm
operations and haulage have the same
efficiency assumption.

M10:M15,
P10:P15

Activity time loss

The above factors allow for the calculation
of fuel. A further adjustment is made to take
account of time lost due to maintenance.
Hours lost are calculated based on number
of tractors and days out of operation.

B25:C31

Tubewells

Stock by fuel type

Stock values are further disaggregated into
public and private sector — although these
specific data are not used in the fuel
consumption estimate.

B47:G48

Diesel tubewell type

Split between high and low speed pumps;
LDO assumed to be used in low speed and
HSD in high speed pumps.

148:348

Tubewell activity

This is the amount of time a tubewell is
typically used in a day, and number of days
used per year. ELC and DSL pumps are
differentiated.

B56:E56

Efficiency

Efficiency is represented as average
consumption per hour of use (based on
non-census sources).

B69:C69

Non-working stock

Identify number of tubewells operational,
allowing for adjustment to the stock level.

H54,K54

The model load table (from row 33) characterizes the generic technologies using energy in
this sector. Most of the assumptions used are sourced from the census data, or other
sources (see worksheet TechnologyData).

4.2. Commercial (COM) with government services & military

The structure and BY data for the commercial sector can be found in the VT_PAK_COM
template. The sector models the following energy services:

Space Heating
Water Heating
Space Cooling
Cooking
Lighting
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o Refrigeration
¢ Miscellaneous Electric
e Other

A top-down approach is used to disaggregate energy balance estimates across the range of
energy services (listed above). The share estimates are shown in rows 38-46 in the main
Commercial worksheet, and the calculated fuel totals are shown in rows 57-65.

Fuel shares

Limited information is available to understand the use of energy by energy service across
this sector. Most of the fuel share estimates are therefore based on expert judgment,
working in conjunction with the Planning Team. Gas and electricity shares by energy service
type are based on information from an analysis undertaken by Hagler Bailly for the ADB
SEED project (see worksheet FuelShares).

Technology level data

Once energy consumption has been disaggregated across the different energy services, the
individual technologies need to be characterized, for use in the model. The model load table,
which holds this information, can be found between rows 78-136. All of the technology level
data is based on assumptions from the US NEMS model (see worksheet US NEMS COM
Data).

4.3. Industry (IND) by subsector

The industry sector in 2007 is represented in the VT_PAK_IND workbook. It contains an
Industry overview sheet and model data sheets for each of the following subsectors, the
source data for which is contained in separate subsector worksheets:

Iron and Steel
Textiles
Sugar
Cement

Brick kilns
Fertilizer
Other Industry

The individual subsector worksheets tend to be structured as follows (starting at the top of
the worksheet):

e Subsector consumption, and allocation of energy consumption to different processes
(sourced from the industry worksheet)

e Tables listing the types of process, or commodities used in the subsector (for labeling
purposes)

o Base year demand (model load) table (note that for other sectors these values are
found on a separate worksheet labeled Demand)

e Core model load tables

The supporting data for the subsector can be found below the core model load tables. For
most subsectors, a RES diagram can be found in the relevant worksheet.

Industry worksheet

This worksheet provides an overview of energy consumption for the sector, broken down by
each of the subsectors. Fuel shares (cells C14:N20) allocating fuel types to subsectors have
been calculated based on a range of sources (as the Energy Year Book does not generally
report at subsector level, the exceptions being the cement sector and Pakistan Steel)
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e Natural Gas — based on information provided from gas distribution companies in
worksheet GasConsumption

e Electricity — based on data estimates from the DISCO consumption database, as
provided in worksheet ELCConsumption

e Coal — sector-based estimates are provided directly from the EYB2007

e Oil — based on a range of sector-specific sources, including ENERCON MIS
database (see worksheet ENERCON_MIS) as no central source available

Data on captive generation capacity, relevant to many of the subsectors, can be found in the
CaptiveGen and UDI worksheets. CaptiveGen is the primary source, based on a survey of
distributors to different industries, undertaken by MEC. UDI is the Platt’'s based information
on generation capacity in Pakistan. Further information on these sources can be found in the
Pak-IEM Final Report: Volume | — Model Design. The particulars for establishing the base
year data for each subsector are discussed in the sections that follow. {There are RES
diagrams on each of the sector sheets, along the lines of the Pakistan Steel RES shown
below.]

Iron and Steel

This subsector is split into a further three subsectors:

e Integrated steel works (Pakistan Steel). Model load tables are in rows 75-136. All
data assumptions are sourced from worksheet PakSteel

e Independent steel producers (represented by trade associations) — see rows 146-155
e Other steel producers — see rows 157-164. This subsector takes account of energy

use in the sector but not accounted for by the statistics provided by the independent
sector associations

Pakistan steel is the only sector in Pak-IEM to be fully modeled at the individual process
level, producing four different outputs — pig iron, cast billet, steel products and other
processes. The first three are represented in the sector Demand table (cells A63:C72) in
terms of million tonnes of output (Mt) while the other category captures unallocated energy
consumption.

Whilst in most sectors, the efficiency parameter (EFF) is used to express the efficiency of the
process, in this and other industry subsectors an Input / Output approach is used, primarily
because of the fact that for many processes there is more than one input and output.
Another important issue is that all of the input values have to be expressed on the basis of a
specific output (where there are multiple outputs). This is done by defining the Primary
Commaodity Group (in the Process worksheet) as the specific commodity for that process
against which all inputs are referenced. For example, all inputs for the coke oven process
(I&S Integrated Coke ovens EXxisting) are relative to the output of coke product (MICOK), but
not coke oven gas (IISCOG).

Another important aspect of how the sector is modeled is that processes are integrated.
Without the coke ovens producing coke and coke oven gas, other parts of the integrated
process could not function. For example, coke is required for the blast furnace and sinter
plant, while coke oven gas is used in the captive generation plant. This can be readily seen
in the Pak-Steel RES below.
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Figure 6. RES for Pakistan Steel Integrated Works

Textiles
This sector is split into three subsectors (as represented by the end use demands):

e Spinning (Yarn production)
e Weaving (Cloth production)
e Finishing (Garment production)

The lack of detailed information for this sector means that processes are characterized in
very generic terms — motive power, process heat, and other electric, as shown in Figure 7.
Most of the assumptions across these processes are based on the informed expert judgment
of MEC (see cells A75:J97). Captive generation is modeled separately (in rows 54-66).
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Figure 7. RES for Textile Sector

An important part of this generic process-based approach is that to produce one unit of
demand, a specific amount of motive power, process heat, and other electric energy service
is required. This requirement is forced in the model through the Energy services split to meet
demand table (starting row 101), by determining the ratio between the different energy
services to meet the demand level in the base year. This is reflected in terms of the Inputs /
Output ratio (columns E-F).

Sugar

The sugar sector is very different from other industry sectors, in that it primarily gets all of its
energy requirements from bagasse, which is used in cogeneration plants to provide the
different sugar production processes with electricity and heat.

As with the textile sector, only generic energy service provision is characterized, and the
requirement for each energy service for the production of a tonne of sugar is again defined in
table Energy services split to meet demand (cells A95:F99).

Two additional processes have been modeled for this sector, based on the molasses
produced from the distilling process — ethanol production (Sugar Ethanol Production
Existing) and fuel grade ethanol production (Sugar Hydrous Ethanol Production Existing),
which can be exported or used in the domestic transport sector.

The sector RES diagram is shown below, in Figure 8.
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Figure 8. RES for Sugar Sector
Cement

The cement sector worksheet splits production into three types (based on the kiln used for
clinker production). This structure was used to take advantage of data provided by the ADB-
funded Energy Efficiency assessment undertaken by Hagler-Bailly. Demand is expressed as
million tonnes of cement produced (see cell C33). The sector structure is shown in the RES
diagram below.

I Fuels / Materials | I Processes | I Demand
Gas :
M Self-generation
Oil ‘
\L Electricity (Captive)
Electricity

CementKiln - Dry
Single Stage
CementKiln- Dry
Coal Multi-Stage Cement (Mt)

CementKiln- Wet S

Figure 9. RES for Cement Sector
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Approximately half of the electricity used in the sector is produced through captive
generation (row 37-49). Because of the input / output structure of the main model load table,
an intermediate technology (ICTELC-E) was used to create a single electricity commodity,
meaning that grid-supplied and captive-generated electricity would not need to be treated as
individual commodities.

Each of the cement production processes produces waste heat, the rate of which is captured
by the output commodity INDWHR. This is modeled because there is a new technology
option (in the NewTechs SubRes template) to generate electricity using waste heat.

Brick making

Brick making production is represented by two technologies — bull trench and clamps.
Demand is expressed in terms of useful energy consumed. The bull trench technology has
an efficiency of 1, against which the other technology efficiency value is relative to. As with
the cement sector, this structure was used to take advantage of data provided by the ADB
funded Energy Efficiency assessment undertaken by Hagler-Bailly.

Fertilizer

Due to the high levels of natural gas use in this sector, it was considered important to track
energy consumption separately; hence, fertilizer is modeled as a separate subsector
although has no specific technology level detail.

The sector tracks consumption both of natural gas as a fuel (INDNGA) and as a feedstock
(INDNGAR). This is particularly important when the model is run with sector prices (see
scenario SectorPrices), as the feedstock gas gets a significant subsidy, while natural gas
used as a fuel has an equivalent price to other industry sectors.

Other industry

This sector accounts for the energy consumption not used in the above subsectors. It uses a
generic energy service approach as described for the textile sector.

4.4. Residential Households (RSD) by urban and rural

The structure and BY data for the residential sector can be found in the VT_PAK_RSD
template. The sector is split into urban and rural sectors, with modeling of the following
energy services:

Space Heating

Water Heating

Space Cooling (Fans)

Space Cooling (AC & Coolers)
Lighting

Cooking

Refrigeration

Miscellaneous Electric

Other

An urban / rural split is used to represent different characteristics of users groups, in
particular access to different energy types and the levels of consumption, with rural groups
tending to be lower income (on average). Income classification was considered (when
developing the sector structure) but the data does not currently exist to enable such detailed
modeling.

A top-down approach is used to disaggregate energy balance estimates across the range of
energy services (listed above). The share estimates are shown in rows 39-58 in the main
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Residential worksheet. The calculated fuel totals are shown in rows 61-81. The fuel shares
values are collated in worksheet FuelShares.

Fuel shares

Fuel shares are determined as follows (in worksheet FuelShares):

e Start with energy balance totals (row 39).

e Determining the split between rural and urban fuel consumption uses a proxy of
households using a specific fuel (rows 45-46). A weighting factor is then used on the
household numbers, to reflect the relative consumption levels in a typical household
(rows 48-49), from which shares can be derived (rows 53-54). These shares are
used in the Residential worksheet in rows 14-15.

e End use fuels shares i.e. consumption by fuel type for each energy service can be
found in rows 60-82.

0 Natural gas — energy service splits into cooking, space and water heating are
calculated in worksheet GasConsumption. The seasonal consumption profile
(provided by gas distribution companies) has been used to derive these
shares.

0 Electricity — shares are based on analysis undertaken by Hagler Bailly for
the ADB SEED project, and can be found in worksheet HB_EnEff_Analysis.

0 Kerosene / LPG — shares determined based on expert judgment by Planning
Team.

Biomass

Biomass estimates are not provided in the Energy Balance. They have been calculated
specifically for use in this model, and are important to include due to the significant provision
of energy services from this fuel type, particularly in rural areas. The calculation of biomass
consumption can be found in worksheet BiomassEstimates (a virtual copy of the same
named worksheet in the PakIEM_EnergyBalance-2007 workbook).

Estimates are calculated using information on household energy consumption (from HESS)
(see cells A39:C54) and household numbers using biomass fuels (cell A27:C37). The
calculated consumption totals can be found in cells B59:C61. The data for use in the model
template is collated in columns N-R.

Finally, biomass fuels are split into purchased and free. “Free” means fuel wood that is
gathered or sourced locally, and not purchased on the market. The splits between free and
purchased can be found in cells 032:Q42.

Technology level data

Once energy consumption has been disaggregated across the different energy services, the
individual technologies need to be characterized, for use in the model. The model load table,
which holds this information, can be found between rows 83-218. Separate technologies are
modeled for each of the subsectors — urban and rural.

The technology level information can be found in worksheet ModelData. For further
information on sources of information, please refer to the Pak-IEM Final Report: Volume | —
Model Design. It is supplemented by data from the US NEMS model (see worksheet US
NEMS Data) for specific technologies for which Pakistan specific data were difficult to
source.

If the analyst wants to change any of the assumptions relating to specific technologies, they
should be changed in the ModelData worksheet. Some further explanation of the parameters
in the data table is provided below:
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e 9% households is the % of urban or rural households that own a given appliance, e.g.
AC.

e 0o stock is the % of urban or rural households that own a specific type of appliance,
e.g. standard or improved AC.

e Power rating provides an indication for electrical appliances of how much electricity is
used to power it. This has been used as a proxy for differentiating efficiency. The
standard appliance takes an efficiency of 1, while a more efficient appliance (i.e.
providing the same energy service using a lower power rating) gets an efficiency
factor of standard / improved appliance.

e Other energy-using appliances have efficiencies derived from other sources, and are
expressed more conventionally as the proportion of useful energy provided per unit
of energy input.

e Investment and O&M costs need to be expressed in term of $M/PJa for use in the
model (columns O and R). Information on how these values have been calculated
can be found in the NewTech SubRes file.

Within the model load table, many checks are undertaken to assess that final energy
consumed by individual technologies sums to the disaggregated energy balance values.
These checks are flagged by \I: Sub-total in column A, with the checking calculations in
column P.

4.5. Transportation (TRN) by mode

The transport sector in 2007 is represented in the workbook VT_PAK_TRN. Using a bottom-
up stock-based approach, as used for the agriculture sector, the energy use in transport is
allocated across a set of different vehicle subsectors, providing freight and passenger
transport services (expressed as tonne-km or passenger-km). Rail, aviation, and shipping
subsectors are not based exclusively on stock data, and are expressed in terms of useful
energy, not tonne-km of passenger-km.

Figure 10 shows the stock values (and subsector categories), which can be found at the top
of the Transportation worksheet (cells C14:C22). The total stock value is compared to the
original source data in cell C26. The difference shown (-33.6) reflects the Other stock
category, which has been omitted from the bottom-up calculations due to lack of information
concerning what this includes. In rows 33-40, the stock values are disaggregated by fuel
type (as shown below by the pink values). Duel-fueled gasoline / Compressed Natural Gas
(CNG) vehicles are categorized as gasoline cars in this table, as essentially, that is what
they are with retrofitted CNG.
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Figure 10. Transport Stock Data and Allocation by Primary Fuel Type

For each road vehicle subsector with a stock value, a range of other data values have to be
determined, from which a BY fuel consumption value can be derived. These data are listed
in Table 7 in bold type.

Table 7. Key Data Types to Characterize Road Vehicles

Data requirement by Data worksheet Source
vehicle
Stock RT Stock (using NTRC On the road NTRC
estimates)

Efficiency ENERCON (Act_Eff) ENERCON
;Jégl'sa“on (km travel per ENERCON (Act_Eff) ENERCON
Lifetime PTPS JICA
Annual maintenance costs (l\:l'(l)'zg)_VOCs (Vehicle Operating NTRC

Using these data, energy consumption values can be calculated by technology type, in the
model load table (from row 62 downwards), in column T. Useful demand is shown in column
U, and provides the base year demand values. Except for shipping and aviation, demands
are expressed in terms of tonne-km or passenger-km. The occupancy factor used to
calculate this value in the model can be found in column O, using the attribute
ACTFLO~DEMO.

Based on these bottom-up estimates, a check has to be made that these estimates match
the values reported in the Energy Balance. This calibration is checked in the table labeled
Energy balance checks (rows 44-59). The table collects all of the bottom-up estimates, sums
them (row 58) and then compares the value to the reported Energy Balance value (in row
59). This worksheet shows a very close calibration with only small differences observed (as
shown in Figure 11).
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44 Energy balance checks

45  End-use Fractional Shares by  Demand " Gascline 7 Cigssl ¥ Heavy Cil " Kerosene F Av. Fusl ¥ Matursl Gas _ Ectricity Distribut®  Total
48 | Transport - Buses TELU 5.95 9.95
47 | Tranzport - Cars TCA

48 | Transpart - Trucks TTR 94.59

49 | Tranzport - Yans Tk T3EE

50 | Transport - Two-wheelers T 33 .42

51 | Transport - Three-wheelers TawW

52 | Tranzport - Taziz TTH

53 | Transpart - Minivans TRAY

54 | Transport - Rail Passenger TRFP

55 | Tranzport - Rail Freight TRF

56 | Transport - Swiation TN r 23.25

87 | Tranzport - Shipping TEH 0.40

58 5288 207.54 040 0.0 2325 5833 0.04
53 CheckSum ERR: -0.02 ERR: 0.1 ERR: 0.02 ERR: 0.08

Figure 11. Transport Energy Balance Checks*

While the model load table generally uses the same attributes to characterize technologies
as seen in other sectors, often the data used is quite different. For example:

e Technology availability (column J) — expressed as km travelled per year, not fraction
of the year available as for other sectors.

Efficiency (column G) is therefore expressed as km travelled per unit of energy used.
Stock (column P) represents numbers of vehicles.

Costs (INVCOST/FIXOM/VAROM) are therefore all on a per vehicle basis.

Cap2Act (column N) is the conversion factor to put stock (expressed as 000s

vehicles) on to a consistent basis with demand, expressed in million passenger /
tonne kms.

An important issue to note is that many of the new technology efficiency factors use BY
estimates; therefore, any changes to BY sector efficiencies may require updates to
factors in the SubRes.

Modeling of the rail sector also follows a stock-based approach, using data from the Rail
worksheet. Air and shipping modes are modeled in terms of final energy consumption only.

5. Future Technologies

All technology options available for investment in future years are characterized in the
SubRES_NewTechs template (located in model subfolder SUbRES_TMPL). The workbook is
structured with each sector represented by an individual worksheet, although in the case of
industry, subsectors each have a separate worksheet. An index of the different worksheets
is provided in the Legend worksheet.

Most worksheets have a model load table, characterizing new technology options, and a
process definition table. Almost all worksheets have primary data sheets, providing the
information for different technologies. The associated primary data sheets and sectors are
shown in Table 8.

* The transport diesel total is not the same as the estimate published in the Energy Year Book
because agriculture HSD use (partly included in the EYB Transport total) has been accounted for
independently. .
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Table 8. SubRes Sector Worksheets, and Links to Primary Data

Sector worksheet Associated primary data sheet
AGR AGR_Data based on a range of sources
COM US NEMS COM Data
RSD ModelData, primarily from Pakistan specific survey
RSD information but supplemented (particularly for improved

technologies) by US model data, in US NEMS RSD Data
TRN_NewTechs holds the primary transport technology data,
from a range of sources.

TRN TRN_VOCs provides supplementary data from NTRC study on
costs of vehicle operation.
ELC_NewTechs, providing a range of sources from which

ELC efficiency and cost estimates have been determined. Specific

information on hydro plants is found in worksheet
ELC_HydroCosts.

ELC_Lumpylinv

ELC_PlannedBuild listing the planned new build, and their

ELC_Planned
- schedule

SUP ResourceSupply_Data providing information on future domestic
resources and import options

SUP Planned Refineries_Data pro_viding information on planned new build and

- new technology options
IND ITX IND_HaglerBaillyEE f(_)r energy efficie_ncy retrofit measures (based
- on ADB SEED analysis by Hagler Bailly)
IND_SugarCogenl developed by MEC, used to estimate the
potential for retrofitting existing cogeneration plants.

IND_ISG IND_SugarCogen2 contains information on a typical new
cogeneration plant, sourced from NEPRA tariff determination
information

IND_IFT
IND_HaglerBaillyEE for energy efficiency retrofit measures in

IND_IIS independent sector (based on ADB SEED analysis by Hagler
Bailly)

IND_CemCogen for data on cement cogeneration, including from

IND ICT waste heat. _ N _ _

- IND_HaglerBaillyEE for energy efficiency retrofit measures in
(based on ADB SEED analysis by Hagler Bailly)

IND IBK IND_HaglerBaillyEE for energy efficiency retrofit measures in
- (based on ADB SEED analysis by Hagler Bailly)

IND 10T IND_HaglerBaillyEE for energy efficiency retrofit measures in

(based on ADB SEED analysis by Hagler Bailly)

This section of the report describes different parts of the SubRes that are not necessarily
obvious to a new analyst, on a sector-by-sector basis. However, it does not attempt to
comprehensively describe the template, and assumes that the analyst has a degree of
familiarity with the basic template structure.

Resource supply sector (SUP worksheet)

Domestic resources and import / exports options that are available in the base year of the
model are characterized in the BY SUP template, as described earlier. This includes
information about future year resource availability and cost. The SUP worksheet in the New
Techs SubRes includes options that may be available in future years, in particular new
import options (see Figure 12 below) not currently available or being exploited.
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Figure 12. New Resource Supply Options in Pak-IEM

The analyst may want to change some of the assumptions relating to the new supply
options, as listed and described in Table 9 below. Note that some of the data values are
linked to information in worksheet ResourceSupply_Data.

Table 9. Key Assumptions for New Resource Supply Options

Assumption Description

The year when resource is available is controlled by the START
date in column P

Located in column L, these are expressed in terms of $million per
unit of PJ capacity. Note that these are not discrete investment
costs as capacity can be built incrementally.

Provided for current year, 2030 and 2050. These values are
interpolated between the selected years.

Bounds on the commodity flows ensure that the capacity of these
options is restricted (see columns V-AA). In the case of LNG for
the power sector, this option is forced in, using a LO bound (cell
W31).

Availability of option

Infrastructure investment
costs

Commodity costs

Constraint on resource levels

[Note that the IMPGAS-CentASIA-N pipeline option is
eliminated from the Reference Scenario by means of a in
REF-ELC/Supply.]

The domestic resource options (Thar / Tight gas) have cumulative
reserve limits (in column AF). The costs of exploiting the tight gas
resource need to be developed, based on sector expertise or
literature sources.

Reserve levels

Due to the introduction of new commodities in the model, a commodity definition table is also
included on the worksheet (rows 73-82), in addition to the process definition table seen in
every sector worksheet. A number of tracking (or “X") technologies have also been
introduced, to capture the use of new commodities in the power generation sector (rows 35-
43).

Refining sector (SUP_Planned worksheet)

The assumptions relating to new and planned refinery technologies can be found in this
worksheet. Supporting data is located in worksheet Refineries_Data. The types of
parameters found in the model load table are broadly the same as those found in the SUP
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BY template (Upstream worksheet). Specific issues that the analyst should be aware of
include:

The new refinery technology (PREF-New-N) has a start date of 2017. Due to the
planning timeframe, it is unlikely that any refineries will be available before this year
beyond those that are already planned. Planned refinery start dates are based on
information provided by experts on likely year of commissioning.

Capacity bounds in column N-O ensure that a maximum build rate of new refineries
cannot be exceeded.

Product slate for planned refineries is provided in Refineries_Data. However,
adjustment factors in column R allow for non-produced fuels to contribute a small
share to future production. The flexibility of the refinery is also adjusted using factors
in column S.

The new and planned refineries have a high input share for domestic crude. This
needs to be reduced in future iterations of the model, based on further testing.

Electricity sector

New technologies (ELC worksheet)

For new electricity sector options, the majority of the data is sourced from the
ELC NewTechs worksheet. This contains a number of alternate datasets that have been
compiled to develop estimates relevant to the Pakistan situation. For hydro generation
options (rows 51-73), which are modeled by individual (potential) site, data are located in the
worksheet ELC_HydroCosts. Information includes plant start date, maximum capacity,
seasonal availability and investment cost.

Whilst the structure of the model load table is typical of those seen in other sectors, there are
a number of issues that the analyst needs to be aware of:

Column N has the attribute NCAP_ILED, which represents the construction time of
any new investment. This is important in the calculation of annualized costs, with the
investment being made at the start of the construction period i.e. before the plant is
operational. The attribute Start (column G) therefore relates to when the investment
is made. The new capacity is only operational after the construction period e.g. a
start date of 2016 with a construction time of 4 years means that the plant will be able
to generate electricity in 2020. However, the investment will be made in 2016.

The attribute Year is the year when a specific vintage of the technology is available.
Technologies that declare a vintage year are flagged YES under the Vintage field in
the process definition table. Such vintages generally show decreasing costs over
time; adjustment factors for the costs can be found in column AK.

Two other attributes not commonly seen in other sector mode load tables include
DISCRATE and PEAK. DISCRATE tends to reflect the cost of capital used for
investments, and is used to annualize costs across the lifetime of the technology.
PEAK is the % of the capacity of a given technology that is able to contribute to
supply during the peak demand period.

There is the potential to increase the investment cost as a result of new transmission
lines that would have to be built (above the general costs of additional infrastructure
capacity). A transmission line cost increment can be added in column AR,

Hydro technologies have bounds restricting the capacity to the potential size of that
site (column J). All technology groups have build rates restricting new capacity build
in a model period (described further in section IV.C.2), located in REF-
ELC/BuildRates.

Solar and wind technologies use timeslice specific availability factors. Unlike other
technologies, the input energy changes significantly not only by season but by time of
day. Data are sourced from US Department of Energy.
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e The use of an efficiency factor of 34% for renewable technologies (hydro, wind, solar)
is simply to account properly for renewable energy used for electricity in the primary
energy balance.

e CCS plants are also included in the new technology set, and could be important for
policy analysis exploring lower carbon options. The model load table on technologies
for CO, storage is shown in Figure 13 below.

104 Storage technologies ~FI_T
105 TechDesc TechName Comm-IN Comm-0ut Start
106 W:Technology Description Technology Hame Input Commaodity Cutput Start Year |
107 |Storage option 1 SINKGECOD1 PWRCOZ 2020
108 SNKPWRCO2 2020
109 SNED01 2020
110|Storage option 2 SINKGECDOZ2 PWRCO2 2020
111 SNKPWRCOZ 2020
112 SNKDNZ 2020
113|Storage option 3 SINKGECOO3 PWRCOZ2 2020
114 SNKPWRCOZ 2020
115 SNED03 2020
116| Storage option potential 1 MINSINKGED SNKODO1 2020
117 | Storage option potential 2 MINSINKGEO2 SNKO02 2020
118|Storage option potential 3 MINSINKGEOQ3 SNEO0O3 2020

Figure 13. CCS Technology Specification

The approach to modeling storage is as follows — CCS plants not only emit PWRCO2 (as
per all fossil power plants) but also a dummy emission commodity SNKPWRCO2. A unit of
SNKPWRCO?2 is accounted at 90% of a unit of PWRCOZ2, to reflect a capture rate of 90%.
SNKPWRCO2 (defined as the primary commodity group) is consumed by the different
storage options, as is PWRCO?2. A further commodity SNKO001/2/3 is also consumed. This
ensures that a cumulative storage capacity cannot be exceeded, based on the technologies
describing potential on rows 116-118.

The same amount of PWRCO2 (in accounting terms) is emitted irrespective of storage;
however because some of this commodity is consumed, the net emission will be lower. The
CO2 parameters used to set emission caps — COM_BNDNET and COM_CUMNET -
consider the net emissions, recognizing this ‘consumed’ PWRCO?2 as stored.

Captive generation technologies are considered separately in the industry subsector
worksheets. However, the generic data that has been used to characterize such generation
options can be found in cells AA14:AF17.

Planned New Build (ELC Planned worksheet)

This model load table forces electricity plants into the model solution that are planned in the
very near term, and hydro plants that are a significant way to completion. Capacity is forced
in a specific year using the attribute NCAP_BND~FX (see columns U-AB). With no
construction time considered, these plants are available once invested in.

Agriculture sector (AGR worksheet)

New technologies for the agriculture sector are modeled relatively simply. All technologies
are vintaged, representing generic efficiency improvements over time (relative to base year
efficiencies). Efficiency improvement factors in column R are easily adjusted. Investment
costs for tractors and tubewells, and efficiency factors for improved tubewells can be found
in worksheet AGR_Data.

Residential sector (RSD worksheet)

The majority of the data for the residential sector technology options can be found in RSD
ModelData, with some supplemental information from US NEMS RSD Data. The data used
in the RSD ModelData comes from a range of sources, described in the Pak-IEM Final
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Report: Volume | — Model Design. A legend in this worksheet in cells B2:B6 indicates where
different values are sourced from. The data are consistent with those used in the BY, with
improved technology efficiencies relative to the standard technologies more prevalent in the
BY.

The urban and rural subsectors have the same set of technologies, although have been kept
distinct to enable separate reporting of subsector results. The modeling of most technologies
is relatively straightforward; an exception is heat pumps. Such technologies have dual
outputs — heating and cooling, requiring upper output shares (column G) and commodity
specific efficiency (CEFF-O, column 1), depending on what output the technology is
producing.

An important associated scenario file is REF-DMD, in which the uptake of more efficient
technologies is controlled via different UCs. This is further described in section IV.C.2.

Commercial sector (COM worksheet)

All of the assumptions for the commercial sector technologies come from US NEMS COM
Data worksheet.

Industry sector

The industry new technologies are subdivided into individual worksheets. There are a
number of issues that are relevant across these different subsectors, which are described
first:

e Captive generation technology assumptions are found in worksheet ELC, as
described earlier. Sugar and cement sectors have the opportunity to export electricity
to the grid, via technologies ISGELC-N (row 29, IND_ISG worksheet) and ICTELC-N
(row 24, IND_ICT). There are no constraints on the level of capacity that can be built
in these sectors so this should be checked under different scenarios, particularly
those that drive up the electricity price of centralized generation options.

e Retrofit of existing stock. Existing stock can be retrofitted, to improve energy
efficiency of different processes. Any technology that has retrofit in the description
has the potential for efficiency improvement at a given cost. The potential for retrofit
is controlled via user constraints in REF-DMD/IND_Retrofit, so that it does not
exceed the existing capacity. The data is sourced from the ADB energy efficiency
analysis, which can be found in IND_HaglerBaillyEE.

The structure of the sector is as described in the Industry BY template. Therefore, only those
issues that require fuller description are listed in Table 10 below.

Table 10. Industry New Technology Issues by Subsector

Subsector (worksheet) Specific issues

e Efficiency improvements can be found in column S, and are
relative to BY efficiencies (column R). These need to be
updated if changes to estimates are made in the BY

Textiles (IND_ITX) template.

e Cost estimates need to be further developed for new (not retrofit)
technologies. Currently, they are at least double the cost of
retrofit options.
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e Efficiency improvements can be found in column S, and are
relative to BY efficiencies (column R). These need to be
updated if changes to estimates are made in the BY
template.

e Cost estimates need to be further developed for new (not retrofit)
technologies excluding CHP. These values are shaded orange.

e The technology ISGELC-N (row 29) allows for production of
electricity from this sector to be sold to the main grid.

Sugar (IND_ISG)

e The technology IFTPIMP-N (row 13) allows for imported fertilizer
as an alternative to domestic production. This is chosen if gas
prices increase significantly. The costs of the import are on the
import process IMPFERT-N, in worksheet SUP.

Fertilizer (IND_IFT)

e Efficiency improvements can be found in column P, and are
relative to BY efficiencies (column R-S). These need to be
updated if changes to estimates are made in the BY

Iron and Steel (IND_IIS) template.

o Cost estimates are uncertain for new technologies (see orange
shaded cells) are generally factored on retrofit and new
technology estimates.

e The technology ICTELC-N (row 24) allows for production of

Cement (IND_ICT) electricity from this sector to be sold to the main grid.

Bricks (IND_IBK) e Cost estimates are factored on retrofit cost estimates.

e Efficiency improvements can be found in column S, and are
relative to BY efficiencies (column R). These need to be
updated if changes to estimates are made in the BY
template.

e Cost estimates need to be further developed for new (not retrofit)
technologies.

Other (IND_IOT)

Transport sector (TRN worksheet)

There are a range of new technology options available for different road vehicles, including
improved conventional and alternative technologies. The uptake of many of the technologies
is controlled through the use of UCs, found in REF-DMD/TRN_TechShare.

Most of the data values used in the model are in worksheet TRN_NewTechs. The data is
arranged in the worksheet so that collated data (which the model load table links to) is in
columns A-V. Source data are to the right of column V. Due to the linked nature of the
template, it is preferable if changes to the assumptions are made in the data worksheet. All
these sources are described in the Pak-IEM Final Report: Volume | — Model Design.

The structure of the model load table is similar to that seen in the BY template. It does have
two additional attributes required for the modeling of electric cars:

e Timeslice (TIMES parameter name is PRC_TSL) — denotes the charging periods; as
these have been defined as night time storage devices, the designated periods are
WN, SN and IN, and

e NSTTS - sets the percentage charging permitted during the designated charging
periods.

The technology, in the process definition sheet, is then defined as a NST (night storage
device) — see row 201. Electric vehicles do not necessarily have to be designated night
storage devices i.e. charge at night, used in the day. They can be modeled much more
flexibly, charging at anytime.

Two additional parameters not used in this instance but which could be potentially useful in
the future include:
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e FLO_MARK is the share of the commodity output that can be provided by this
technology; in the Pak-IEM example, the commodity output for cars on which to apply
this parameter would be TCA.

e AFAC is the commodity-specific availability factor. If a vehicle technology produces
two outputs e.g. long distance and short distance travel, the availability of the
technology to produce either output could be restricted — for electric vehicles, long
distance travel could be restricted to a very low AF due to battery range issues.

For rail technologies, generic efficiency improvement factors are provided in column W, and
are relative to BY factors, in column V.

6. Demand Projections

Useful energy demand projections for Pak-IEM are developed in the master demand
projection workbook ScenDem_DEM_PIEMRef. This workbook is designed such that after
any changes or updates are made to the Reference Scenario projection (REF), the medium
and low (or high if added) demand scenario files can be generated from the master file — as
will be explained below. The Pak-IEM demand projection workbook develops the future
demand for energy services using appropriate demand drivers (e.g., GDP, population,
energy intensity, etc.). The drivers for each energy service demand are those that most
directly impact its potential growth, and the relationship (e.g., elasticity) between each driver
and the associated energy service demand must also be established. Finally, any external
factors affecting the demand growth (e.g., autonomous energy improvement) also need to
be determined. The basis of the demand projections is described in more detail in the Pak-
IEM Final Report: Volume | — Model Design.

The demand projection workbook is organized according to the following worksheets.

e Legend: provides a color-coded overview of the workbook.

e Driver: contains the table of demand drivers that are uploaded into the model, these
drivers are factors that get applied to the BY energy service demands to calculate the
energy service demand projections. The sheet is populated for a particular scenario
according to the GDP sheet [A2] selection.

¢ Population: contains population projections from the National Population Policy
Report -2010 and household size projections from PSLM and HEIS that are used to
make projections of the number of urban and rural households.

¢ GDP: contains the GDP projections according to the major commodity production
sectors. Government projections by service sector are used to generate sectoral
GDP growth rates for the reference case, and expert judgment has been used to
develop the medium and low growth cases. This sheet contains a selection box in
cell A2 that is used to populate the Driver sheet with the Reference (REF), Medium
(MED), or Low (LOW) projection.

e GDP Plots: collects data from the GDP sheet to produce charts of the GDP
projections.

¢ WEO Data: contains World Economic Outlook statistics and near-term projections for
Pakistan from the International Monetary Fund. This data was used as a benchmark
for the GDP projections.

e EnergyBalance: contains energy balance information, sourced from EYB2007,
which was used to support calculations in other sheets.

¢ WorldBank_Devlindicators: contains World Bank Development Indicator data that
was also used as a benchmark against the GDP, population and other projections
used in the workbook.

e Residential: contains the main calculations for residential sector demand drivers and
it described in detail below.

¢ Residential Charts: contains charts of household electricity consumers.
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e Industry: calculations sheet for industry sector drivers and is described in detail
below.

e Commercial: contains the calculations for commercial sector demand drivers and is
described in detail below.

e Agriculture: contains the calculations sheet for agriculture sector drivers and is
described in detail below.

e Transport: contains the calculations sheet for transport sector drivers and is
described in detail below.

e Transport Analysis: contains charts of passenger and freight demand projections.

e BiomassEstimates: contains calculation of base year biomass estimates, to help
inform the residential sector demand projections.

e BiomassDataReview contains data sources used to calculate base year biomass
estimates (see RSD base year workbook).

e UETT Survey: contains the results of the UETT survey of electricity use in a sample
of Punjab households. This data is used to understand electricity consumption for
different residential energy services.

e HESS: contains the core HESS assumptions, and was particularly useful in
understanding the relative levels of household energy consumption (between urban /
rural and income groups).

e WRI_RSD Energy: contains comparative country estimates of residential per capita
energy use (sourced from World Resources Institute).

e WRI_GDP per capita: This sheet contains comparative country estimates of GDP
per capita (sourced from World Resources Institute).

e WRI_Energy V GDP: contains a regression analysis, comparing GDP per capita
against energy use per capita. This analysis provides one of the main drivers for
increased household energy consumption as GDP increases.

e Conversion: Energy conversion factors.

e Currency: Currency exchange rates and deflators.

e CONST: Additional conversion factors.

Residential

The residential sector energy service demands are developed for the following end-use
applications for both urban and rural households. All demands, listed below, are in units of
PJ.

Space Heating

Water Heating

Space Cooling (Fans and Coolers)
Space Cooling (AC)

Lighting

Cooking

Refrigeration

Miscellaneous Electric

Other

The workbook is organized in blocks to handle various aspects of preparing the residential
projections as discussed below. To determine useful energy consumption at the end-use
application level for both urban and rural households, the energy balance data was
disaggregated — first by fuel type and then by end-use application — so that typical device
efficiencies could be estimated and applied to calculate useful energy demands.
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The projections below are based on final energy use, which is what is available from the
international literature for developing countries, as developed by World Resources Institute
(WRI) and others. The data mentioned above in Col Q comes from a WRI report, which
provides energy use per capita and GDP per capita. That data was used to develop a
relationship between energy use per capita and GDP per capita, which is shown on the
WRI_Energy V GDP sheet.

e Calculation of the number of electricity customers (households) for both urban and rural
areas takes place in rows 61-77. For urban areas, the percentage is projected to go
from 98% in 2007 to 100% in 2012. For rural areas, the number of connected
households starts at the 2007 level and grows in proportion to the growth in rural
population with additions for village electrification and migration from un-electrified areas
to electrified villages. Rural households start at 81% electrified in 2007 to 91% electrified
in 2030.

A 8 L 4] E F G H 1 1 K L M N o
61 Electricity Customers, Millians
Kay Indicatars 2007 00 2z 2015 e 2021 2024 202 2030 2m 203 2008 4z 2045

Connected Households 14 1] 1 : o ¥ 2
P Annual growth rate
& Utban Housshalds a3 [ a2 wr 2 | BT | 83 | ro | me | ;o8 | 2o | w1 | ;3 | omE | ®}s
e % connucted to gid oWt N T T I
&7 irbam Housshold Consumars 1 r 1
-
70 Rural Housshaids r 151 E 1.7 r 1€ 1 F 165 r wo r 1mE F 1B1 " BT F 193 F 195 E 08 r nrt r i F

Rural Household cureet ELC connpcted I

vilage Elecirfication 1 d g T
73 Rurnl Elsetrication ratn 10% % % ™ &% % -~ ™ % e % % 2%
7 Mig Electrified vilsges 1% 10% 0% 10% 10% 10% 10% 10% 10% 10% 10% 0%

Rural Housuheld Cons e T r W r 4 4 e - - r - P
% Rural Elactnh an RMH‘..
77 Cverall Elecnbeation Fatio
]

e For each household end-use, the energy projection is made based on the per capita
energy intensity increase indicated in Col Q. This can be seen on Row 88 for Urban
Space Heating. The household energy projection is multiplied by the urban household
population to get total energy demand, and the ratio of this projected energy use to the
base year value is the demand driver — as shown for this example on Row 91. Two
significant drivers to energy demand are the percentage of households with air
conditioners and the percentage of households with refrigerators, and the annual growth
rate of these two major appliances is an important user input. This process is repeated
for each end-use application, separately for the urban [rows 79-123] and rural [rows 126-
171] households. The resulting demand drivers are passed to the Drivers sheet.
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e Energy balance data is apportioned between urban and rural households based on
ESMAP data on percentages of households consuming various fuels [rows 176-196],
which is shown starting in cell T84. The relative energy use for urban and rural
households is take from HESS data to calculate the fuel shares between urban and
rural households, which when multiplied by the energy balance data gives the urban
and rural fuel use.

A B c D E F G H [} J K 15 M
175 Sourced from EB spreadsheet
- c a g - Agr. =
176 BY Final Energy Consumption - Residential (PJ) Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung Residues Solar Diesel
177 T 48 T o1s4 " 00z 7 ot9ts 7 1200 7 oavon T 1080 T 749
178
179
130
181 Number of households (millions) using each energy carrrier (2001 shares)
. Agr. .
15 Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung Residues Solar Diesel
183 Urban 116 067 514 8.08 207 073 043
184 Rural ey 122 0.50 1222 10.74 590 514
185
186 Relative consumption weighting Urban 0.82 1.13 1.77 1.46 0.74 1.07 1.06
187 Rural 1.00 1.00 1.00 1.00 1.00 1.00 100 1.00
188 636 156 961 2401
189
190 Fuel shares - Urban / Rural
191 Urban 011 03 0.00 095 049 013 012 0.08
192 Rural 0.89 0.62 1.00 0.05 0.51 0.87 0.68 0.92
193 r r r
194 Fuel totals
195 Urban 0.6 T4 " oste [ ss9 7 sss [ 126 " e r
196 Rural 43 To1z0 ooz [ o100 T oet1 T oan3 T o9s4 T 6B I
107
o End-use fuel shares by fuel type are calculated [rows 198-220], and are informed
largely by HESS data with the exception of biomass consumption estimates that are
taken from BiomassEstimates sheet, which draws data from the BiomassDataReview
sheet.
198 End use Fuel Shares by FUEL TYPE
N
Urban Households Total Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung A.gr. Solar Diesel
139 Residues
200 Urban Space Heating 132 0.06 " 005
201 Urban Water Heating 445 o020 " 015
202 Urban Space Cooling (Fans and Coolers) 154 " o031
203 Urban Space Cooling (AC) 59 " 010
204 Urban Lighting 172 054 " o002 " 02
205 Urhan Cooking 2074 042 " 09 " oors "o 7 03 7 o100
206 Urban Refrigeration 8.2 " oomu
207 Urban Miscellaneous Electric 0 " 014
r r r r r r
208 Urban Other 004 0.00 0.00 003 0.02 005 0.00
209 r r r r r r
210
N
Rural Households Total Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung A.gr. Solar Diesel
211 Residues
212, Rural Space Heating 322 To002 " 008
r 4
213 Rural Water Heating 36 0.00 0.09
214 Rural Space Cooling (Fans and Coolers) " 03
215 Rural Space Cooling (AC) " o003
216 Rural Lighting 0.93 "2 " 042
217, Rural Cooking 0.04 " 098 To0a7 " os T oM 7 1m0
218 Rural Refrigeration " 006
219 Rural Miscellaneous Electric " oom
220 Rural Other 0.03 " oo 100 7 o000 " oooa 7 oom " ooe 7 o000
71 r r r r r r

o Energy consumption shares by end-use application [rows 224-247] are calculated
based on the fuel shares and energy consumption totals by end-use application,
which are calculated in cells C200:220.
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B G D E F G H 1 ] K L M
224 End use Fuel Shares by END USE TYPE [col nal formatting used to identify key fuels by end use]
Urban Households Total Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung A.gr. Solar Diesel
225 Residues
226 Urban Space Heating 132 r r r 021 r r r r r
227 Urban Water Heating 445 r r r 01g " r r r r
228 Urban Space Cooling (Fans and Coolers) 16.4 r r T r T r r T
229 Urban Space Coaling (AC) 59 r r r r r r r r
230, Urban Lighting 172 T oo02 " oo 7 r r r r r
231 Urban Coaking 2074 " 000 " ooma 7 022 " o006 " o003 " r r
232 Urban Refrigeration 8.2 r r r r r r r d
233 Urban Miscellaneous Electric 8.0 I r d I r ! I d
234 Urban Other ar ] " oo " 03 " o017 " om0 " I r
235 Total 326.4
236
Rural households Total Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung A.gr. Solar Diesel
237 Residues
238 Rural Space Heating 322 r r r " o001 d r r r r
239 Rural Water Heating 365 r r d " 0.00 r r r d
240 Rural Space Cooling (Fans and Coolers) 21.2 r r T r T r r T
241 Rural Space Cooling (AC) 19 r r r r r r r r r
242/ Rural Lighting 301 " o013 " oo 7 r r r r r r
243 Rural Cooking 5203 " 000 " o002 7 " 002 "o " o1 " o013 T r r
214 Rural Refrigeration 35 r r r r r d r r d
245 Rural Miscellaneous Electric 65 I r d I I r ! I d
246 Rural Other 10.6 " oot " 000 "oz " o000 T o020 " o024 0BT 000 7 I r
247 Total 662.8
Base year efficiency value for typical devices by application and fuel type are entered
in rows 249-271 and used to calculate useful energy consumption by end-use and
fuel type [rows 274-297].
B 5 D E F G H [} J K L M
248
249 Base Year Efficiencies [Used to derive BY ustful energy demand]
Urban Households Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung A.gr. Solar Diesel
250 Residues
251 Urban Space Heating 0.60 015
252 Urban Water Heating 0.60 015
253 Urban Space Cooling (Fans and Coolers) 070
254 Urban Space Cooling (AC) 0.80
255 Urban Lighting 030 050 070
256 Urban Cooking 040 055 055 015 015 015
257 Urban Refrigeration 0.80
258 Urban Miscellaneous Electric 070
259 Urban Other 030 0.50 055 070 015 015 015
260
261
Rural households Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung A.gr. Solar Diesel
262 Residues
263 Rural Space Heating 0.60 015
264 Rural Water Heating 0.60 015
265 Rural Space Cooling (Fans and Coolers) 070
266 Rural Space Coaling (AC) 0.80
267 Rural Lighting 030 0.50 070
268 Rural Cooking 040 055 055 015 015 015
269 Rural Refrigeration 0.80
270 Rural Miscellaneous Electric 0.70
271 Rural Other 0.30 0.50 025 0.55 0.70 0.15 0.15 0.15
272
The useful energy values [C276-C296] are used as the seed values to the demand
projections [rows 36-57].
B c D E F G H 1 J K L M
274 Useful Energy
275 Urban Households Useful Energy (PJ) Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung Re‘:i?‘]rl;es Solar Diesel
276 Urban Space Heating 6.7 r r r "B r o422 T r r r
277 Urban Water Heating 228 r r r "ooim T F o129 T r r r
278 Urban Space Cooling (Fans and Coolers) 129 r r r r " oq2a0 T r r r r
279 Urban Space Cooling (AC) 17 r r r r Foam T r r r r
280 Urban Lighting 119 r " oo T r "o T r r r r
281 Urban Cooking 88.3 r " o400 T " oass T " 692 [ 180 [ 0% T r
282 Urban Refrigeration 65 r d d r " 653 r r r d d
283 Urban Miscellaneous Electric 56 d d 4 i " osgg T il d d 4
284 Urban Other 15 ] "o T O T T A -1 T T IS T O I T O 1 T R r
285 Total 160.9
286
287 Rural households Useful Energy (PJ) Kerosene LPG Coal Natural Gas Electricity Woodfuel Dung Re‘sAi?‘]rlles Solar Diesel
288 Rural Space Heating 49 r r r 0.15 r o4 T r r r
289 Rural Water Heating 55 r r r "ot r o543 T r r r
290 Rural Space Cooling (Fans and Coolers) 148 r r r r o483 [ r r r r
291 Rural Space Cooling (AC) 16 r r r r " oass T r r r r
292, Rural Lighting 194 ) "o T r " 10 T r r r r
293 Rural Cooking 86.7 " 008 " 645 T " o533 7 o510 T o1344 7 w32 7 d
294 Rural Refrigeration 2.3 r I r r r r r r I r
295 Rural Miscellaneous Electric 45 ! d d i r I I ! d d
296 Rural Other 28 " o047 o000 7 ooo0 7 o000 7 o150 F 03 T oose T oo 7 r
297 Total 143.0
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e Household energy intensity values (final energy) are calculated and aggregated per
end-use application [ rows 300-322, column O]. These values are linked to the seed
values for the household energy projections [D88-168].

v.. Household Energy Iﬂb;nllly Factors - Urban Households - MJ/HH [CALCULATED FROM J'lUf‘J\«'f. DATA]

Herosene LPG Coal  Nawral Gas Electricity Woodfuel  Dung Agr. Solar Diesal i
. . 2 i 1: i Residues . , totls

and Coolers)

109
10 LUrban Othar

Solar Diesal Waighted

Rural households Kerosons LPG Coal HNatural Gas Electricity Woodfuel Dung ﬂa:: $ n
ues totals

il4 Rural Space Heating
Fural

ans and Coclers)

e Household energy intensity factors from the HESS medium income category [rows
326-348] are shown for comparison purposes only. These were not used.

e Aggregation of the subsector energy demand projections are collected in rows 22 to -
59.

Industry

The industry sector demand projections are developed according to the following categories.
Most of the demands are expressed in activity units, such as million tons (Mt), while a few
are expressed in PJ, and one is expressed in billion square meters (Bm2).

Sub-sector demand category Units
Textiles Yarn production Mt
Textiles Cloth production Bm2
Textiles Garment production PJ
Sugar production Mt
Cement production Mt
Iron and Steel Integrated Pig Iron Mt
Iron and Steel Integrated Cast Billet Mt
Iron and Steel Integrated Steel Products Mt
Iron and Steel Integrated Other Processes PJ
Iron and Steel Independent Billets (Independent) Mt
Iron and Steel Independent Construction steel Mt
Iron and Steel Independent Other (Independent) PJ
Brick kilns PJ
Fertilizer production Mt
Other industry PJ

e Industrial component of GDP growth (row 23) is the principal driver for many, but not
all of the sub-sectors. Because of the diversity of the various industry sub-sectors,
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each uses a slightly different approach to the demand projection, which is described
below.

e Demand drivers are calculated in rows 68 to 82 and are linked to the Drivers sheet.

e Actual demand projection are calculated from the useful energy demand values for
EBY2007 [rows 3-18], which are copied to Col-D from the VT_PAK_IND template.

e Aggregations of the sub-sector energy demand projections are collected in rows 3 to
18.

The process of developing the various subsector demand projection is described below for
each industry.

Textiles

The textile sub-sector energy service demand is not developed using the industry sector
GDP growth as the driver. Because of the importance of this sub-sector and because of the
international competitive factors that strongly influence its growth, it was decided to develop
independent growth factors for each segment of the textile sub-sector based on data from
the 2010 Economic Survey. Those growth factors are found in rows 26 thru 39 and are
given in REF, MED, and LOW categories that are linked to the demand scenario selection
box in cell A2 of the GDP sheet. The growth rates for each textile industry segment and
demand scenario were developed based on near-term issues as well as expected long-term
trends.
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Sugar Production

The sugar sub-sector energy service demand is developed using the projected growth rate
in sugar cane production as the principal driver — and limitation on growth in the sub-sector.
No elasticity factor or other factor was used.

Cement production

The cement sub-sector energy service demand is developed using the industry sector GDP
growth as the principal driver, a construction sub-component elasticity, and a cement energy
use elasticity factor (defined as the percentage change in energy consumption divided by the
percentage change in GDP growth) [row 45], which is based on review of cement sector
trends in the 2010 Economic Survey. The current trend toward cement exports is to support
strong near-term growth, but this trend is not expected to last for the long term. Therefore,
the elasticity factor was varied over time (Row 46) to allow for adjustment | this trend.
Historically, the construction related GDP growth relative to the industrial GDP growth was
found to be highly variable, so a zero elasticity was used.

Iron and Steel

The steel sub-sector energy service demand is developed using the industrial component of
GDP growth as the principal driver, and an elasticity factor (defined as the percentage
change in energy consumption divided by the percentage change in GDP growth) [rows 48-
54], which is based on expert judgment. While there are seven process-level demands for
iron and steel, they are linked and so use the same values for the sub-sector elasticities.
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Brick Kilns

The brick kiln sub-sector energy service demand is developed using the industry sector GDP
growth as the principal driver, a construction sub-component elasticity and a brick kiln
energy use elasticity factor (defined as the percentage change in energy consumption
divided by the percentage change in GDP growth) as given on row 58, which is based on
expert judgment. Historically, the construction related GDP growth relative to the industrial
GDP growth was found to be highly variable, so a zero elasticity was used.

Fertilizer

The fertilizer sub-sector energy service demand is developed using the agricultural
component of GDP growth as the principal driver, and an elasticity factor (defined as the
percentage change in energy consumption divided by the percentage change in GDP
growth) as given on row 62, which is based on expert judgment.

Other Industry

The Other Industry sub-sector energy service demand is developed using the industrial
component of GDP growth as the principal driver, and an elasticity factor (defined as the
percentage change in energy consumption divided by the percentage change in GDP
growth) as given on row 65, which is based on expert judgment.

200% 200% 1.00% 0.00% -100% -2 00% 200% -2.00% -2 00% 200% -200% -200% @ -200%
Post 2000 £EX
100% 1.00 2 0 2 1560%

150%
1 509
1.50%
160%

L00% 1.00 1 1 1 1 ' 1 10 Post 2000 €1

Commercial

The commercial sector energy service demands are developed for the following end-use
applications. All demands are in units of PJ.

Space Heating

Water Heating

Space Cooling (Fans and AC)
Lighting

Refrigeration

Electrical Appliances

Other

The process of developing the commercial demand projection is described below.

e The services component of GDP growth (row 16) is the principal driver for this sector,
and each end-use sector is related to the GDP growth through an elasticity factor
[C17-C23]. The elasticity factor is defined as the percentage change in energy
consumption divided by the percentage change in GDP growth. The elasticity factors
are either zero or negative, which if zero means that energy use grows at the same
rate as GDP grows, or if negative means that energy use grows more slowly than
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GDP growth. The elasticities are used to calculate factors that when multiplied by
the GDP growth gives the effective energy growth. The commercial sector
elasticities are based on expert judgment.

e The demand drivers are calculated [rows 26-32] and are linked to the Drivers sheet.
The actual demand projection in rows 3 to 11 are calculated from the useful energy
demand values for BY 2007, which are copied to Col-D from the VT_PAK_COM

template.
e Aggregations of the energy individual end-use demand projections are collected in
rows 3 to 11.
A B o E F a H J L Q
C fal Sector - Sub Demand Projecti PJla
Units. 2007 2009 02 s 08 2021 2024 2027 2030 2033 2036 2009 2042 2045
~ e - .
[=1] 167 481
P 62 151
PJ 11 g
] P 29 i
10 Pl 136 1 i 2
1 PJ 556 4 1 1 1
12 5.90% W B2 bA =4 B 510 450% 440 420% Y L0 420 40

-1.00%
0.75%
000%
-0.50%
0.00%

1.00
100
1.00
100
1.00
1.00

0.00% 100
-1.00% 1.00

1.00
100
1.00
1.00
1.00

100

Agriculture

The agriculture sector energy service demands are developed for the following end-use
applications. All demands are in units of PJ.

Water pumping
Tractors — Haulage
Tractors — Farm Op.
Other Use

The process of developing the agriculture demand projection is described below.

e The agricultural component of GDP growth [row 13] is the principal driver for this
sector, and each end-use sector is related to the GDP growth through an elasticity
factor [cells C14-C17].The elasticity factor is defined as the percentage change in
energy consumption divided by the percentage change in GDP growth. The elasticity
factors are either zero or negative, which if zero means that energy use grows at the
same rate as GDP grows, or if negative means that energy use grows more slowly
than GDP growth. The elasticities are used to calculate factors that when multiplied
by the GDP growth gives the effective energy growth. The agricultural sector
elasticities are based partly on expert judgment as well as data from the Energy
Yearbook that was used to calculate a historical elasticity factor for the entire sector,
which was -1.05%.

e Aggregations of the energy demand projections are collected in rows 3 to 8.

e The demand drivers are calculated [rows 20-23] and are linked to the Drivers sheet.
The actual demand projection in rows 3 to 8 are calculated from the useful energy
demand values for BY 2007, which are copied to Col-D from the VT_PAK_ARG
template.
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A B c D E F G H 1 J K L M N o P Q
1 Agriculture Sector - Sul tor D i Projections, PJia
:
3 Name Description Units 2007 2009 2012 2015 2018 2021 2024 2027 2030 2033 2036 2039 2042 2045
4 | AWP Water pumping PJ 133 139 153 16.9 168 209 232 254 27 294 316 341 36 395
5 ATH Tractors - Haulage PJ 35 38 39 43 48 53 58 63 6 72 77 82 88 94
6 | ATF Tractors - Farm Op. PJ 16.3 16.8 18.2 19.9 21.8 238 26.0 28.0 29.7 35 334 354 37.6 39.8
7 | ADE Other Use PJ 04 04 05 0.5 0.6 (R 07 0.t 09 09 1.0 11 12
8 Total PJ 334 347 379 416 459 50.6 556 60.5 64 6 69.0 737 7E 641 898
El Annual Growth Rate 181T% 300% 3.20% 3.30% 331 321 2813 2.22% 2222 2.22%] 2.23%] 2.23%) 2.23%
10 280%
1
12 Agricultural GDP & Elasticities
13 AGR GDP driver 1.00 132 149 1.90 2.30 2.52 275 3.28
14 Intensity factor - Water pumping 0.50% 1.00 0.96 095 092 0.89 088 085 084
15 Intensity factor - Haulage 0.76% 1.00 0.94 092 088 084 082 0.80 077
16 Intensity factor - Farm Op. 1.00% 1.00 0.92 090 084 0 079 0 0 070
17 Intensity factor - Other Use 0.50% 1.00 0.96 0.95 0.92 0.90 0.89 0 0 0 0.84 0
18
19 Agricultural Demand Drivers
20 AWP  Agriculture Water pumping 1.00 1.04 115 127 14 157 1.74 191 21 38
21 ATH  Agriculture Tractors - Haulage 1.00 1.04 113 125 138 1.5 167 181 07 21
22 ATF  Agriculture Tractors - Farm Op. 1.00 1.03 112 122 1.34 1.4 1.60 172 83 1.94 06
23 AOE  Agriculture Other Use 1.00 1.04 115 127 141 157 174 1.91 2.05 221 ]
Transport

The transport sector energy service demands are developed for the following end-use
applications. There are two sub-categories of demands: passenger transport and freight
transport. Most of the passenger transport demand is expressed in million passenger
kilometers (mpkm) except for aviation, which is in PJ. Most of the freight transport demand
is expressed in million ton kilometers (mtkm) except for shipping, which is in PJ.

Passenger transport Units
Buses mpkm
Cars mpkm
Two-wheelers mpkm
Three-wheelers mpkm
Taxis mpkm
Minivans mpkm
Rail Passenger mpkm
Aviation PJ

Freight transport Units
Trucks mtkm
Delivery Vans mtkm
Rail Freight mtkm
Shipping PJ

The process of developing the transport demand projections is described below.

e The overall GDP growth (row 23) is the principal driver for this sector, and each end-

use sector is related to the GDP growth through an elasticity factor, given in cells
C24 to C33. The elasticity factor is defined as the percentage change in energy
consumption divided by the percentage change in GDP growth. The elasticity factors
are either zero or negative, which if zero means that energy use grows at the same
rate as GDP grows, or if negative means that energy use grows more slowly than
GDP growth. The elasticities are used to calculate factors that when multiplied by
the GDP growth gives the effective energy growth. The transport sector elasticities
are based largely on projections made in the Pakistan Transport Plan Study funded
by JICA. In addition, several of the elasticity factors were modified post-2030 to
allow for anticipated changes in current trends.

Aggregations of the energy demand projections are collected in rows 3 to 15.

The demand drivers are calculated [rows 36-47] and are linked to the Drivers sheet.
The actual demand projection in rows 3 to 15 are calculated from the useful energy
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demand values for BY 2007, which are copied to Col-D from the VT_PAK_TRN
template.

E

K L M

port Sector - Sub Demand Froject)
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100 1
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7. Reference Scenario Tailoring

Section IV.C.2 provides detailed descriptions of the scenario files REF-<Area>. As described
above, such files contain information for tailoring the reference scenario, such as power
plant build rates, demand sector fuel share evolution, etc. In this model there are three core
files:

e REF-ELC helps model existing plant operation levels, build rates of new
technologies, minimum generation from specific plant types and load shedding. It
also has a Supply worksheet that restricts the annual supply of coal by region, and
the import of gas via the central Asian pipeline option.

Variations of this file used in sensitivity analysis include REF-ELC_noFO (to switch off forced
operation) and REF-ELC-LS2016 (to extend the time period over which load shedding
occurs)

e REF-FRs provides the COM_FR attribute values, which define the fraction of
demand for a given energy service during a specific timeslice.

e REF-DMD contains a large number of user constraints for controlling energy
consumption levels across different sectors / subsectors, and technology uptake
rates.

D. Special TIMES Features for Data Specification and Model Tailoring

VEDA and TIMES have some powerful facilities that need clarification to be able to properly
take full advantage of them. Three that are particularly important are:

o the rules and options available in the VEDA settings files (BY_Trans and
SysSettings)

o how the interpolation rules are applied

o the formulation of user defined constraints
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Each of these is discussed in the sections that follow.

1. BY_Settings and SysSettings

As discussed briefly in Section II.A, VEDA uses two key files to configure and set defaults for
the model and particular data elements. Actually, the BY_Trans file is only used to inhibit
investment in existing refineries, gas pipelines, and "X"-process technologies by means of a
~TFEM_INS upper limit and interpolation rule default overrides. It is not expected that
BY_Trans and SysSettings files will not need to be adjusted (other than for periods as
discussed below).

SysSettings has a series of tabs handling particular aspects of configuring VFE (see
VedaSupport for explanation):

o Region-Time Slices: Provides the general specifications to indicate that Pak-IEM is
a single region model called PAK, with all BY templates incorporating this name as
VT_PAK<sector>, as discussed in Section Il.A. It also indicates the season and day-
night time-slices that are defined for Pak-IEM.

e TimePeriods: Indicates the various group of milestone years for which this TIMES
model is to be run, with the number of years in each period maintained in the
~TimePeriods lists. Any of these milestone lists may be selected from the VFE
CaseManager at run time.

e Interpol_Extrapol_Defaults: Controls how data is handled in terms of interpolation
and/or extrapolation rules for individual attributes. For Pak-IEM some overrides are
specified for various attributes that normally are left alone. See the discussion of
Interpolation Rules further below and in the next section.

e Import Settings: These are VFE switches controlling optional operations during the
SYNC process (also discussed further below).

e Constants: Contains the global parameters covering the overall social discount rate,
the overall fraction of the year for each time slice, and the peak reserve margin
requirements.

Note that in general it is not expected that the SysSettings file needs updating/intervention
by the analyst, with the notable exception of the TimePeriods managed via the VFE
Advanced Milestone Years facility.

Returning to the Interpol_Extrapol_Defaults sheet, the first section sets the override
interpolation options (by specifying Year-0) for the various attributes that are not normally
interpolated (see next section). Here in particular the rule 5 = interpolation and forward
extrapolation is activated for FLO_SHAR/AFA/COM_PKRSYV, 15 = interpolation migrated to
ends forward extrapolation is activated for CAP-BND and ACT_BND to handle the fact that
data years and milestone years may be different, and 12 = interpolation migrated to ends,
extrapolation with EPS is activated for NCAP_BND so that any fixed forced new build value
is applied only once.
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Da) = | QN 3 = S SysSettings [Compatibility Mode] - Microsoft Excel =HEN X
Home Insert Page Layout Formulas Data Review View Add-Ins @ - = x
& Calibri L1 A General - _"ﬁ Conditional Formatting ~ = 5= Insert - x - %? }3
CE] $ - % 5 | (5% Formatas Table - 3 Delete - || @ - *
Dafte 7 B I U || & A 5 = g 0 00 =} cell Styles - ¥ Format - || &2 - :i‘:ﬁ SF;?::t
Clipboard ™ Font il Alignment Bl MNumber Styles Cells Editing
E30 - ] ¥
A B 5 D 1= F G H 1 J K L M N o :
1 | set the interpolation rules for key parameters and other data manipulation options e
2 Interpolation Options
3 |~TEM_ueD
4 |TimeSlice LimType Attribute Year Other_IndAllRegion PAK  Pset Set Pset PN Pset PD Pset CI  Pset CO Cset Set Cset CN Cset CD
5 FLO_SHAR o 5
6 upLO CAP_BND o 15
7 FX NCAP_BND 0 12
up,LO ACT_BND '] 15
9 FX AFA 0 5
10 COM_PKRSV o 5
11
12
13 Dmy Imp\’rices
14 |~TFM_UPD
15 TimeSlice LimType Attribute Year Other_IndAllRegion PAK  Pset Set Pset PN Pset PD Pset CI  Pset CO Cset Set Cset CN Cset CD i
16 ACTCOST 2007 9999 IRE IMP*Z
17 ACTCOST 2007 99993 IRE IMPDEMZ
18
19
20 Set the discount to year
21 |~TFM_INS
22 TimeSlice LimType Attribute Year Other_IndAllRegion PAK  Pset Set Pset PN Pset PD Pset Cl  Pset CO Cset Set Cset CN Cset CD 1
23 G_DYEAR 2007
24 G_OFFTHD 2007 1 -
4 kM Region-Time Slices TimePeriods | Interpol_Extrapol_Defaults Impﬂrm 4] [ ] DD
Ready |23/ eosn=) o (s

Figure 14: SysSettings Interpolation and Data Defaults

Next on this tab are some data settings to specify the value to be used for the ZZDMY
"backstop” process operation cost, which are set high to deter them coming into the model
except when essential. Finally, this tab sets the year to which all discounting is to occur, and
contains a switch (G_OFFTHD=1 to activate) to instruct the TIMES code to align
START/bound specification to ensure they line up with data/model years when different.

For Pak-IEM, some important VFE Import Settings are activated (by entering 1). These are,
most notably, in the order activated:

e checking for # entries in the workbooks rather than accepting the values are 0
e requesting VFE creates backstop options for each commaodity
e requesting VFE creates backstop options for each demand

~ImpSettings !
Option Value
Check #DIV/0 and #REF errors in Templates

Create Dummy Imports for Energy and Material Commoditi
Create Dummy Imports for Demands

Generate Vintage Bounds

OB = e

Figure 15: VFE Import/SYNC Switch Settings

2. Interpolation Rules

TIMES has powerful interpolation facilities that take some time and experience to fully
understand and correctly exploit. There is a full write-up, TIMES-Interpolation, that can be
found on the Documentation page of the ETSAP website covering all aspects of the TIMES
interpolation rules and how they are applied. There is also a shorter write-up with the basic
information (TIMES-Interpolate) in the DOC folder in the VEDA folder. The basic philosophy
and approach is that almost all non-constraining parameters (constraining being the various
bounds, RHSs) are interpolated and extended constant. What this means is that by just
providing a value in a single (initial) year, that value will be applied across all model years for
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a particular run, thus permitting full specification for the parameter with a single entry for any
run periods. However, for constraining parameters, the default is to not apply any
interpolation/extrapolation, which means that VFE will just accept the value for the year
(period with migration) specified. The set of interpolation/extrapolation override settings is
shown below.

As shown in SysSettings, and found in various Scenario files, the user overrides the default
by specifying Year~0 in the input template. So when a 0 is found in the VFE-Browse when
examining the input data it should serve as a trigger that a certain interpolation/extrapolation
rule is to apply to that particular instance of the data. Migrate handles the situation where the
data year does not coincide with a model year requiring that data falling within the period is
moved to the model year.

Action Option code Applies to
Default interpolation/fextrapolation (see above) 0 {or none) All

Mo interpolation/extrapolation =0 All
Interpolation but no extrapolation 1 All
Interpolation, but extrapolation with EPS 2 All

Full interpolation and extrapolation 3 All
Interpolation and backward extrapolation 4 All
Interpolation and forward extrapolation 5 All
Migrated interpolation/extrapolation within periods 10 Bounds, RHS
Interpolation migrated to end-points, no extrapolation 11 Bounds, RHS
Interpolation migrated to ends, extrapolation with EPS 12 Bounds, RHS
Interpolation migrated to ends, backward extrapolation 14 Bounds, RHS
Interpolation migrated to ends, forward extrapolation 15 Bounds, RHS
Log-linear interpolation beyond YEAR YEAR (=1000) All

Figure 16: TIMES Interpolation/Extrapolation Options

lll.  VEDA Front End (VEDA-FE) for Managing the Model Input

VEDA-FE (VFE) provides a comprehensive and powerful framework for managing all
aspects of working with the Pak-IEM input data as maintained in the various templates
discussed in the previous section. While the individual data entries are made in the
templates, VFE enables the Pak-IEM analyst to effectively and efficiently review and
understand the resulting energy system, as well as access specific data directly to enable
the model to be refined and maintained. The four main VFE components for managing the
templates and data are discussed here and consist of:

e Navigator — for handling the templates
e Browse —for examining (and adjusting) the input data

o RES Diagramming and Process/Commodity Masters — for viewing the Reference
Energy System network flows and interrelationships, and in the case of the Masters -
also viewing the component details (e.g., set membership, timeslice level)

e Case Manager — for submitting and keeping track of model runs

There is excellent interactive Help available at www.KanORS.com/VedaSupport that
explains all aspects of VEDA. This write-up assumes that the reader is fully familiar with the
VedaSupport site and focuses on how to work with Pak-IEM using VEDA.
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VFE is invoked from the associated icon on the desktop. It will open with the last model
used. To change to Pak-IEM, or any other model (e.g., TIMES_DEMO) see the VEDA-
Navigator discussion in the next section.

A. VEDA-FE Template and Data Management

Figure 17 shows VFE with the VEDA-Navigator, Browse and Case Manager all open
simultaneously, as these three modules are the most often used of the VEDA tools. Once
setup along these lines, VFE will open the next time with the same model and components.
The next sections will explain how to use these three modules in detail.

VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model O
File Basic Functions Advanced Functions Toolk ShortCuts Window Help ** Version 4333 Avalable **  C:\VEDA\Veda_BE\Databases\PIEM_VBE\Veda_SnT.Mdb
m B FE Case Manager g‘
MODEL: C:\VEDA\VEDA_Models\PIEM_TMPL_100830 ® All Cases | £ LST Files | 2l Log Files | * Del Cases | &
B-Y T [0/7/0/0] SubRES [0/1/0/0] B-Ref_0830g-
L [WT_PAK_AGR | C i [NewTechs —
i VT _PAK_COM ‘ Reference (MSY-DI) |
1l VT_PAK_ELC Secenarios [7/32] Fegions [1/1]
1 VT_PAK_IND # BASE ~af
i VT_PAK_RSD DEM_FIEMLow
i VT_PAK_SUP DEM_FIEMMed
i VT_PAK_TRN = v DEM_PIEMRef
DiNew BEvView~ YAl  %Toggle v NewTechs
v SysSetings
Demand Scen [0/4/0/0] ¥/ REF-DMD
[Z[Dem_Allac+Series ¥ REF-ELC
/i DEM_PIEMLow RERELE 6y,
|5 DEM_PIEMMed ] FF": —
¥ Re-Imp [Sec] v ' Re-Imp [Reg] ~ LIRS PorCOZRmnL it
B-Y Trans and SysSettings Enl’ggggumum‘t
0= ax
BY_Trans - |E]  SysSettings X] ALL OK DNew Eview Al | PolDomReserveCum
FolEnEfficiency
Scenarios [0/26/0/0] Trade Scen [0/0/0/0] Pol-HydroDelay v
-
= [Pol-BudgetLimit - —
i PolCOzAnnLimit B AI_| Hane M| Hane
5 Pol-CO2CumLimit |
i Pol-CO2Tax
5 Pol-DomReserveCum 15000} | GAMS Root (Free space: 13.48 GB) Base Price
i PolEnEfficiency CAVEDAVWeda_FEY No Elast DEM
j Eﬂ:i:y:'ﬂgﬂf““ DNew =View < All GAMS Source Code folder Restart
o a—— |GAM575RCT\MESVBDE ﬂ Startfrom scratch
1 PollmportDependency AFS Scen [0/0/0/0]
-1 Pol-NoNukeCoal GAMS Work folder
i Pol-NuclearCostDec 5000] | [AMS_WRKPIEM =]
i Pol-NuclearCostinc 5000 =
-1 Pol-NuclearDelay 5.000 ~
LI PolNuclearForceCum OTHER ~ Greate DD anly Ending Year
i Close CMD Caonsole 2040 -
5i Pol-PriceHigh - ’ G
RUNFile_Tmpl(gg) ~ [ Piw Linear VarCost Period Defs
DiNew Al ONew ¥ All Control Panel PIEMMSY v
LelEil i e i 0BJ AUTO; DSC YES; Deterministc Run;
Not Imported Consistent _ to Delete File Missing File Open SOLVE
I oo r —— croaTT — E Direct Edit Browse |
(23 Recards) Peady PIEM_TMPL_100830 [Friday, September 10, 2010, 03.21 PM

Figure 17: VFE Navigator, Case Manager and Browse (in back)

1. VEDA-Navigator

The VEDA-Navigator serves as the heart of the VEDA-FE system managing all the Excel
templates comprising Pak-IEM. It is the main vehicle for accessing the data templates and
keeping the model organized and synchronized. Synchronize (via the SYNC/ALL OK button)
is the process which ensures that the model data in the VEDA database (which is comprised
of the Access files in the Databases folder) is fully consistent with the latest version of the
individual Excel templates. The Navigator is divided into quadrants, along the lines of the
folder structure under the VEDA_Models directory mentioned above (except that Pak-IEM
does not use the Trade component related to multi-region models nor AFS for which other
VFE features are employed). In each quadrant are listed all the files corresponding to those
recognized by VFE as system templates. Note that any Pak-IEM workbooks that do not
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conform to the VEDA naming convention will not be shown. A good example is the Pak-
IEM_EnergyBalance workbook.

The most often used VEDA-Navigator features are discussed below and indicated in Figure
18 according to the numbers.

1.

Selecting the model instance — by clicking the area with the model name, VEDA
will navigate to the currently shown model folder (in this example
\VEDA_Models\PIEM_TMPL_100830). From there the user can select a newer
version of Pak-IEM, or select another VEDA model.

Open folder — by clicking on the header row for any of the groups, VEDA will open
the folder containing all the workbooks for that group.

Open BY_Trans or SysSettings — by double-clicking on the Excel symbol, either of
these files can be opened.

Opening any individual template — by double-clicking on any of the individual
template names, one or more of the templates can be opened.

SYNChronizing the model — by clicking on the SYNC button, which is what the ALL
OK button is transformed to when any of the model templates are not consistent with
the VEDA database, VFE will re-import those templates into the database. Once
complete, the button will return to its ALL OK status.

For each of the file groups or quadrants (plus SysSettings) there is a colored designator
associated with it which will appear next to the Scenarios listed on the Case Manager, and
can be clicked on to expand said window when the list to see more members if desired.
{Note that the BY_Trans is lumped with the Base group to which it applies.}

Note that all the individual templates are colored-coded to reflect their current status, as
indicated at the bottom of the Navigator form, where:

light blue indicates that the date and time stamp of the file are consistent with the
model database

white indicates a newly added file

red indicates that the file date and time stamp has changed since the last SYNC, and
the current version of the file needs to be re-imported into the VEDA database

black/yellow indicates files that used to be in the VEDA database but are now gone
(e.g., have been renamed or deleted from the folder) and need to be removed from
the Navigator listing (and database) on the next SYNC request
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X FE Navigator

MODEL: C:\VEDA\VEDA_Models\PIEM_TMPL_100830

B-Y Templates [0/7/0/( 2

i [VT_PAK_AGR |

= ¥T_PAK_COM

VT_PAK_ELC
VT_PAK_IND

YT_PAK_RSD
YT_PAK_SUP
VT_PAK_TRN

| | o | I

+ Re-Imp [Sec] ~

B-Y Trans and SysSetting
|BY_Trans ﬂ 'EJ

Scenarios [ﬂ;'26fﬂfﬂ@

+ Re-Imp [Reg]

b
SysSettings &

-1 [Pol-BudgetLimit |
| Pol-CO2AnnLimit
Pol-CO2CumLimit
Pol-CO2Tax
Pol-DomReserveCum
Fol-EnEfficiency
Pol-HydroCostinc
Pol-HydroDelay
PoHmportDependency
Pol-MoNukeCoal
Pol-MuclearCostDec
Pol-MuclearCostinc
Pol-NuclearDelay
FPol-MuclearForceCum
Pol-PriceHigh

Q| ] | o | | o e | || | o

ONew ¥ All

Legend

Not Imported Consistent

ALL OK

SubRES [0/1/0/0]

c o NewTechs/i\

ONew EView~ + All

Demand Scen [0/4/0/0]

¥ Toggle

i [Dem_Alloc+Series

| DEM_PIEMLow
| DEM_PIEMMed
| DEM_PIEMRef

O New View  ~ All

Trade Scen [0/0/0/0]

O New  =View ¥ All

AFS Scen [0/0/0/0]

ONew  + All

to Delete

File Missing

File Open

Figure 18: VFE-Navigator Template Manager

Whenever the content of any template is adjusted, such as when the file is closed after being
opened through the Navigator, or if opened outside and modified, it will be inconsistent with
the current database and need to be synchronized. To check if any files are inconsistent, the
user must press the [F5] Refresh button or select Window/Refresh from the menu bar. The
modified file will turn red, and at the same time the ALL OK button will change to SYNC (and
turn red), to reinforce that some piece of information in a template is newer than what is
current inside of VFE. Hitting the SYNC button will initiate the importing of all the flagged

templates, as shown in Figure 19.
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X FE Navigator

MODEL: C:\VEDA\VEDA_Models\PIEM_TMPL_ 100830

1 [VT_PAK_AGR | C [I [ NewTechs

I VT_PAK_COM

1 VT_PAK_ELC

i VT_PAK_IND

I VT_PAK_RSD

I VT_PAK_SUP

I VT_PAK_TRN
CNew EView~ Al T&Toggle
1 [Dem_Alloc+Series |
i DEM_PIEMLow
| DEM_PIEMMed

¥ Re-Imp [Sec] ¥ ¥ Re-Imp [Reg] ~ "I DEM_PIEMRef

|BY_Trans ﬂ‘zﬂ _'E_W _l O New E View < All

| Task [3/8] | Exp. Time | Act. Time
~ B PAK_AGR 00:00:18 00:00:17
~ B Transformation... 00:00:15 00:00:12
=+ Transfer Data: [B-Y] 00:00:07
Frocessing Demands... 00:00:01
Update Demands... 00:00:01
WEDA To TIMES L. 00:00:01
Updating SysSettings... 00:00:18
WEDATo TIMES II... 00:00:08
Elapsed Time : 00:00:249 Act . 0.013GB
Expected Remaining Time :  00:00:34 Work: 0.011 GB

Update the Active Database...

I

Figure 19: VFE-Navigator SYNC Status

If a problem or error is encountered during the SYNC process the ALL OK button will be left
orange (rather than turn back to light blue), and it will be starred as an indicator that there is
a pending problem with the last import operation. The error indicator will be reported in the
status box, as can be seen in Figure 20. [Note: the [INFO] error may be ignored, as it warns
that some process does not have a fuel infout, but these are internal special VT_processes
used in the fuel share User Constraints (discussed in the Section IV.4.1.]

For most such errors one can click on the error message, and VFE will open the problem
template in the cell where the error occurs. If it is not possible to fully resolve the location of
the error, VFE will identify the workbook and sheet or nature of the error. For this example,
Figure 21 shows that the first error refers to the [INFO] error, and more details are reported
in a text box, which can be opened by double-clicking. The second error identifies an
improper attribute (XEFF instead of EFF), and if the Excel icon is double-clicked, VFE will
open to the cell with the mistake.
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B-Y Trans and SysSettings
BY_Trans v |E] SysSettings =] | | ALLOK*

ONew EView  All

Synchronization is completed in [00:00:59]

ErrorsfAlerts Stats

Yalues ignored [V1] 1 Region 1
Parameters removed [DR] 0 Process 691
Processes remaved [FR] 0 Commodity 214
Commodities remaoved [CR] 0 Data values 20716
Inputf Output remowed I/ 0] 0 Missing Sets 0
Information [INFO] 1

Click to close.

Figure 20: VFE-Navigator SYNC Error Report Status

& Import Logs [2 Items]

Scenario | Parameter  Region | Sector Error Workbook Sheet Check
1 |- - - Info: Processes with no Input/Output QC_Processes_NoInOut - g
2 |BASE - PAK  AGR VT: Invalid Info XEFF VT_PAK_AGR Agriculture H

Figure 21: VFE-Navigator SYNC Error Details

Another kind of SYNC error that one may encounter occurs when there are references in a
User Constraint (UC) template to Sets defined in VEDA-BE and the VBE SnT file is not
properly "connected" to VFE, as was mentioned at the beginning of this section. Under such
circumstances the error message, as shown in Figure 22, will occur, indicating the scenario
file (though not sheet) and the unrecognized set. One will need to properly connect the SnT
file (see next section) and re-import the UC template to have the UCs properly established.

VEDA-FE: list of Missing sets!

\l;) Scenario-=Dimension-=SetName
Pol-BudgetConstraint_v01->Process-=IMP_INFR
Pol-BudgetLimit_v01->Process-=IMP_INFR

Figure 22: VFE-Navigator SYNC UC Set Reference Error

On some computers there can also be mystery Excel “crash” messages that are
encountered on only some computers, which has been identified as being associated with
embedded images and figures (of which there are many in the templates) but not resolved
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by other than removing all such entities. This is annoying but does not cause any actually
problem for VFE. The Restart box should be unchecked and the Don’t Send button hit each
time the form displayed in Figure 23 appears.

'F Microsoft Office Excel

Microsoft Office Excel has encountered a problem and needs to close. We are E,‘
sorry for the inconvenience.

If you were in the middle of something, the information you were working on might be lost.

Bestan Microsoft Office Excel

Please tell Microsoft about this problem.

We have created an error report that you can send to help us improve Microsoft Office Excel. We
will treat this report as confidential and anonymous.

What data does this error report contain?

Why should | reportto Microsoft?

gendErrorReponl | Don'tSend

Figure 23: VFE-Navigator SYNC Excel "Crash" Warning

2. VEDA-Browse

After the templates are imported into VFE the best way to view the model data and learn
how the underlying energy system is being represented is to use the other powerful features
of VEDA, beginning with VEDA-Browse, which is an effective and efficient way to view (and
change) the model data. As shown in Figure 24, the core components and functions of the
VFE Browser are:

1. Component Selection Lists — where all instances for each of the basic data
components are listed

2. Component Set Lists® — where the sets defined in VBE, or internal to TIMES, can
be selected to limit the items displayed in the corresponding list box

3. Browse Area — where all data associated with the selected components is presented
in a dynamic data cube

4. Browse / Edit Mode Buttons — to retrieve and control the mode of access to the
underlying template data

5. Selection and Cube Layout Controls — to retain a particular combination of list
selection criteria or impose a previously established layout for the cube on the
current information

6. Component Search Criteria — allows for subsets of the component lists to be short-
listed and then selectively selected according to matching criteria

5 VFE and VBE "talk" to each other by means of the VBE Sets&Tables (SnT) file. This connection is created by using the Tools/User Options/File
Locations/Veda-BE Database option, and then reflected on the menu line, as can be seen on the Navigator Figure 5. Note that for PIEM VFE should always
be connected to the \VEDA\VEDA_BE\Databases\PIEM_VBE\Veda_SnT.
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VEDA View versus TIMES View. Before discussing each of these VFE Browse features we
first need to explain that VEDA works with two views of the model data. The VEDA view
displays the parameter names as used in VEDA, which is the way most of the data was
entered into the templates, and is the view most often recommended, so that the connection
between the input data and what is presented in Browse is clear. The TIMES view presents
the parameter names "translated” to those actually used in the TIMES model generator
GAMS code, which for certain attributes may be different to the VEDA conventions (see the
Attribute Master, section IV.D.2.a, which contains a table with the TIMES attributes and their
VEDA-View equivalent (aliases). The one instance when the User must use the TIMES view
in VFE Browse is when details of User Constraints (UCs) are to be examined. Due to the
way VEDA handles their construction they can only be viewed in TIMES view, and on the
RES, which will be presented later.

VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model - [Veda View]
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Figure 24: VFE-Browse Components

Selecting Data in VFE-Browse. The selection list is where one starts in terms of preparing
to view model data via Browse. Most often the focus is the process list, where one is
interested in viewing data details for a single or multiple processes.. To make a selection
either find (using quick-type if desired) the desired item(s) and simply check [1], or limit the
list by means a Set [2] or use the search criteria [6]. Whenever a Set is active, the list is
shaded yellow to indicate that the list is incomplete, that is it a short-list consisting of just
those items that belong to the specified Set. The number of items currently selected is
shown above the associate list, e.g., Processes (1). {This is important to keep in mind,
because if items are checked from a previous selection, particularly in other lists, the
resulting Browse may not show the desired information. For example, if the previous
browse looked at the Agriculture Diesel commodity, and it was left checked when
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then requesting data on a power plant, nothing would be displayed as no power plant
produces Agriculture Diesel.}

Once the desired information has been selected (checked in the appropriate list box), hitting
the Browse button will display all the associated information in the data cube (other than
UCs when in VEDA View). The initial orientation of the cube will be the default or last layout
used, and the layout can be modified as needed. Pulling down the Layout list [5] will permit
the selection of a previously saved layout (e.g., Process) which can be used to present the
data in a consistent, more convenient format. Similarly, the Views list can be used to save
particular selection criteria (e.g., all existing hydro plants) to facilitate recalling often used
groups that are not explicitly declared as VBE Sets.

Note that layout dimensions sitting off/above the cube may also contain data that for certain
Attributes are important at times (e.g., the BD bound type), or necessary to fully qualify the
location of data on a row for editing (as discussed next). When a dimension "hides" more
than a single entity its name will be displayed as *<dimension>* as is the case for
dimensions all but Region in Figure 10 above.

Editing Data in VFE Browse. VFE-Browse does much more than just present the data. It is
fully integrated with the underlying templates and features two powerful means of accessing
and changing the model input data. In the non-Direct Edit mode double-clicking on any cell
in the Browse will either jump top the corresponding cell in the appropriate template, or
present a message indicating that the “Data is Aggregated:
cannot locate!” because the cell represents the summed
. value of multiple templates due to a dimension necessary
y Data s Aggregated; can notlocate! [ to fully identify where the information resides being off
(above) the cube. Bring the necessary dimension into view
will then enable VFE to "jump” to the proper place in the
workbook. {Note that making a change in a template via
the VFE-Browse "jump" facility still requires going to
the VFE-Navigator at the end of the editing process, pressing [F5] to refresh the list
(at which time the template just edited will be flagged for importing) and a SYNC
operation preformed.}

The alternate approach is the Direct Edit mode in VFE-Browse that allows the user to make
changes directly in the VFE database. As shown in Figure 25, when the Direct Edit (DE)
button is pressed, the data area is shaded yellow to reinforce that DE mode is active and
upon double-clicking on a (fully qualified) cell, a dialog box is presented. Here a new value
can be entered, with the option of retaining the old value and including a comment in the
corresponding cell in the appropriate workbook. DE has the advantage of not requiring re-
importing of the template as the change is made both in the VEDA database and in the
workbook. So the next model run will include any change even though no SYNC operation
was performed!
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Figure 25: VFE-Browse Direct Edit

3. VEDA-FE Topology Viewing

Sometimes while viewing processes or commodities one wants to better understand the
nature of the component and how it fits into the underlying energy system. Being able to
visualize the interconnection between the various parts of the energy system is essential in
order to fully understand the underlying the system. VFE provides the Process/Commodity
Masters and RES diagramming facility to facilitate this aspect of learning Pak-IEM. The RES
diagramming feature can be accessed via the Basic Function menu and the
Process/Commodity Master forms can be accessed via the Advanced Function menu, and
either can be accessed via right-mouse click from Browse.

3.1. Process/Commodity Master

As shown in Figure 26, the Process and Commodity Masters provide access to all the details
associated with a particular system component, including the set membership, units,
timeslice level, topology interconnections (that is the flows in/out of a process or the
processes producing/consuming a commodity), vintaging flag, as well as the data (on the
Data tab). The commodity or process type in the in/out lists are color coded according to
type, and these can be double-clicked to enable cascading through the RES network.
Elements can also be selected in the list box to the left of the main form. The Data tab
provides a data cube similar to that provided via VFE-Browse, but only shows the TIMES
view and does not have a layout control option at this time. The All Processes/Commaodities
tab provides a condensed table characterizing all processes/commodities, and is the same
regardless of which item is selected — and appears to be of limited usefulness.
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VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model - [Process Master]
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Figure 26: VFE Process Master

3.2. RES Network Diagramming

The most intuitive way to view the underlying interconnections that describe the energy
system being modeled is by means of the Reference Energy System (RES) network
diagramming facility of VFE, shown in Figure 27. The RES example shows the Diamer
power plant, which consumes water (PWRHYD) and produces central station electricity
(ELCC). The process box and commodities are color coded according to the main group to
which it belongs. The RES form also displays the User Constraints (UCs) relevant to that
component, and optionally the associated data cube (for editing if desired).
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Figure 27: VFE RES Network Diagram and Data - Process View

Clicking on any of the entities on the RES (that is process, commodity, UC) will bring that
element into focus, where in Figure 28 we clicked in PWRHYD to jump from the power plant
view to see all the hydro electric facilities, turning off the cube display. One may also control
access by typing the name of the desired process/commodity into the associated selection
box up at the top of the RES form (where PWRHYD is displayed). This is where one also
finds the data view toggle (for TIMES and VEDA) by pressing the T/V spread icons at the top
of the RES form.
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VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model - [RES (PWRHYD)]
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Figure 28: VFE RES Network Diagram - Commodity View

4. Managing Demand Projections

VEDA manages the projection of future demand for energy services by apply Drivers and
shaping Series to the base year demand levels established as part of model calibration. The
user must provide the various Drivers and Series via the Demand workbook templates, as
well as indicate which Driver and Series is to be applied to each demand to produce the
associated extrapolation of the base year demand out over time.

The data templates themselves can be accessed just like any other template via the VFE-
Navigator. However for visualizing, comparing and adjusting the demands the VFE Demand
Master (under the Advanced menu) may be used. The Demand Master supports:

1. Demand Manager — providing an indication of the Driver, primary (calibration) and
secondary (sensitivity) series applied to shape the demand

2. View/Edit a Single Demand — to see and adjust the individual series affecting the
evolution of a demand

3. View/Compare Multiple Demands — to see several demand projections side-by-side
4. Viewing/Compare Drivers — to see the main drives applied to the various demands
side-by-side

For Pak-IEM, the VFE Demand Module facilities are very useful for viewing the demand
projections and components thereof. However, changes to these should be done directly in
the templates as the final Drivers are built-up from a series of calculations, as discussed in
Section 1I.C.6. The one exception is that changes in the allocation of Drivers/Series to
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demands can be done via the Demand Manager, as shown in Figure 29, by means of the
pull-down lists which are populated from the Dem_Alloc+Series template. [Note that
currently only a single Series = 1 is used for Pak-IEM, because no shaping of the demand
drivers is done via these functions. Instead, the Pak-IEM demands are built in the Demand
template.]
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Figure 29: VFE Demand Master — Driver and Series Allocation

This is not to say that the other Demand Manager features are not useful. In particular the
demand and driver comparison viewing facilities, shown in Figure 30 for the former, can be
quite insightful by allowing the various projections to be compared. This figure actually
displays the relative growth of each of the demands (not their absolute level passed to the
model) showing that the air conditioning and refrigerator demands are growing much faster
than the others.
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VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model - [Compare Demand Projections]
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Figure 30: VFE Demand Master — Comparison of Relative Demand Growth

5. Other VFE/TIMES Features

Some other aspects of VFE and TIMES are also good to know and therefore discussed
here.

e Commodity Groups and Process Normalization — Pak-IEM relies on VFE to
construct all the Commaodity Groups required by TIMES. Commodity Groups serve
two purposes — they provide an indication of whether a process is input or output
normalized and which group of commodities (including a single one) is used to
define the operational characterization of the process. The TIMES/VEDA default for
the normalization is output, which is what is used throughout Pak-IEM, with one
exception being the refineries. Refineries are input normalized as the size (capacity
and thereby associated costs (investment and fixed O&M) are based on the barrels
of crude that can be handled. As to Commodity Groups, they are automatically
assumed to be “all of the like flows out” (or “in” in the case of refineries) of a process.
Like flows are all those flows of the same commaodity type (e.g., NRG, MAT, DEM)
leaving (entering) the process. The Primary Commodity Group (PCG) is used to
define whether a process in input or output normalized. The PCG can be identified in
the Process Master, see Figure 31, as the outputs (or inputs) with yellow color code.
{As most Pal-IEM processes only have a single input/output, each commodity is its
own Commodity Group, and the Commodity Group Advanced Function is not used
much for Pak-IEM.}
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MINGASRAW-SinIll Tl.mesllce LVL ANNUAL
MINGAS-SHALE-N Vintage False
MINNUC PCG PREF-Atto--E_NRGI
MINOILCRDD-Ball
MINOILCRDD-NWFI OILCRDD OILAVG
MINOILCRDD-PunI OILCRDI OILGSL
MINOILCRDD-SinI OILHFO
VINENWYD orLHsD
MINRNWMSW v DU
OILLDO
AL ~]| OILLPG
— [EF-Atto; — Honnar
GASNGL
Close ‘
MENV EMAT BENRG EDEM FIN PCG Displaying for Region: ALL

Figure 31: Primary Commodity Group Identification

Milestone Years — These are the years for which the model is run. Since TIMES
supports full independence of data year and model years there can be any number
of run period series specified by the user. Milestone Year series can be constructed
using the option on the Advanced Functions menu. To do so one simply indicates in
Col-A of the Milestone Year form, shown in Figure 32, the number of years to be
assigned to each period, then VFE determines what the associated start/middle/end
year is. The main Pak-IEM Milestone Years used for the production runs is the
PIEMMSY series shown in the figure.

M Add Milestone Years... g@g|
A B c| D E F G H I J K L M N 0 P Q -
1 |BaseYear
2 1 2 3 4 5 [ 7 ] a w1 1z 13 14 |
3 |PeriodLength  Start 2007 2008 2000 2011 2012 2013 2014 (2015 2016 2018 2023 2028 2033 2038
4 1 Mid 2007 2008 20010 2011 2012 2013 2014 (2015 2016 2020 2025 2030 2035 2040
5 2 End 2007 2009 2000 2001 2002 2013 2014 (2005 2017 2022 2027 2032 2037 2042
6 1 Lnth 1 z 1 1 1 1 1 1 z 5 5 5 5 5
7 1
8 1
3 1
10 1
1 1
12 z
13 5
14 5
15 5
18 5
17 5
18
19
20
-
< | v
*More rows will be added ag vou start editing last row
PIEMMSY - Apply Cancel |
Figure 32: VFE Milestone Year Manager
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e User Options — This command under the Tools menu presents a series of forms for
customizing aspects of VFE. The General form should appear as shown in Figure 33.
In particular, the Climate Parameters should be unchecked. (Otherwise, you'll see
spurious commodities for non-GHG emission tracking and such). The File Locations
form, shown in Figure 34, is where one connects VFE with an associated VBE
database so that the Sets defined in the latter can be used by the former. Once this
is done the VBE SnT will appear on the top line of the VFE form. The third form
presents the import options. Here the user can instruct VFE to do or not do certain
quality control (QC) checks, establish or not "dummy" imports for each commodity as
a means for avoiding infeasibilities during model runs, and whether or not to
automatically generate bounds according to vintage. [Not relevant to Pak-IEM.] {ltis
recommended that for Pak-IEM the settings remain as shown below.} If you are
experiencing a problem with your model run where GAMS terminates unexpected
with an error=13, this may be because your virus protection software is not allowing
temporary files with the extension .SCR to be created. Checking the Use srcext-TMP
switch, as shown in Figure 33, will get around this.

+ Dptions £|
Ganaral I File Locatons ] Import Sefings 1
Autolpdate Others
[ Automatically check for Updates. [+ [Oaescrext = THF|

[ Use SOWfor all VD Files

[~ Use Climate Parametars

@ vainaxtnpdnse [ Use Ouates in DD

¢ “va_tptimpl.rpt [# Terminate Excal images

O ws_shampl.she [ By Saparais EXE

Edit

Texd Editor |Detault (Hotepad) j

Figure 33: VFE User Options — General
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<" Options

|

General

T Import Settings

GAMS Roat CHVEDAWeda_FEY

Region/Sectar Templates | CywEDAWEDA_Modelsh,

Weda-BE Database CAVEDAYWeda_BE\DatabasesiPIEM_VBE veda_SnT Mdb

oK | Cancel

Figure 34: VFE User Options — File Locations

e Model Stats — This command under the Tools menu presents a snapshot of the
underlying components of a model. Specifically, it provides a count of the various
processes and commodities by sector, split between the BY/NewTech, along with the
UCs by scenario. The current Pak-IEM stats are shown in Figure 35.

M Model Stats

[+ |Redion |+ | Type |+ |8

AGR|COM|ELC |IND |RSD |SUP [TRM|

L EX)

=l cammadity Zpar. |DEM
EMY

MAT

NRG

=lMewTechs SIpAK.  [EMY

MAT

NRG

=lProcess | =IBASE =lpak  |CHE
DMD

ELE

IRE

FPRE

ZlMewTechs ZlpAK  |CHP

DD

ELE

IRE

PRE

=l serConstr | 2 PokBudgetlimit Zpar  |UP
ElPglCo2Tax Spak |UP

=l PolEREficiency Slpar [P
SpPoHmponDependency | ZIPAK - [UP
SlpglhuclearForceCum [SIPAK  |UP

Zlpak  |LO

ZlpgRenElecPotential [SIPAK  |UP

4
3

4
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20
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Figure 35: VFE Model Stats Count
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e Export Scenario Data to VBE — This command under the Tools menu permits the
data associated with any scenario to be exported to VBE for analysis. {Since the VFE
Browse allows scenario data be freely manipulated, and the resulting cube exported
(via right-mouse) to Excel, this feature is not used very often.}

o Close all XLS — This command under the Tools menu can be useful when there
seems to be a conflict between Excel and VFE when accessing templates. {This
feature is rarely used}.

e Start from Scratch — This command under the Tools menu can be used to rebuild
the internal VFE database from the templates. This is sometimes desirable when
moving the model between computers, and is the first operation to try when VFE
does not seem to be performing properly.

e ShortCuts — This menu allows for switching between windows or tailoring of the
information currently displayed in the Navigator window. {These commands are
rarely used}.

e Windows — This menu contains the Refresh command and allows the User to move
back to the Navigator from other currently open windows.

IV.  Running Pak-IEM

The process of running Pak-IEM is overseen by the VFE Case Manager, which will be
described in the first section below. There are three basic categories of model runs:
confirmation of the base (first) year calibration against the Energy Balance, tailoring and
establishing the Reference Scenario, and conducting sensitivity analyses. Each of these are
discussed in the following sections.

A. Case Manager

The process of running Pak-IEM consists of using the VFE Case Manager (shown in Figure
36) to ensure that the run environment is properly set up, compose the scenarios comprising
the run, name and submit the model run, and do troubleshooting if problems are
encountered during a model run. The various quadrants and tabs of the Case Manager form
oversee each of the activities, as discussed in the following sections.

Note that the letter/color coding alongside the various scenario names correspond to the
group indicators displayed on the VFE-Navigator form, as discussed previously.
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B FE case Manager

® Select v X Delete v ALST | A L0Gs M Save
| B-Ref_0830 |
| Reference |
Scenarios [7/32] Regions [1/1]
E M[BASE [a]a] '
MNew Techs
DEM_FIEMLow: B
DEM_FIEMied
DEM_FIERFiat
b SysHettings
5 REF-DMD
5 REF-ELC
= REF-ELC_BR1yr
= REF-FRs
o Fol-BudgetLimit
5 Fal-CO2AnnLirmit
S Fol-CO2CumLimit
= Pol-CO2Tax
= Fol-DomResersaCum
3 Pol-EnEfficiency
5 Pol-HydroDels hall
All MNone All MNone
GAMS Root (7.31 GB free) Base Price
CAVEDAYWeda_FE, Mo Elast DEM ‘
GAMS Source Code folder Restart
|G"S‘MS—SP‘C—l—lMESV305 ﬂ Start from scratch ‘
GAMS Work folder
|GAMS_WRKPIEM |
CPLEX ~ D fCreate DD anly J Ending Year
) e |2040 -
RUNFile_Tmpl ~ [ P#w Linear WarCost Period Defs
Control Panel PIEMMSY
OBJ AUTQO; Deterministic Run;
SOLVE

Figure 36: VFE Case Manager

1. Run Environment

The run environment, which is the lower left portion of the Case Manager, informs VEDA of:

e GAMS Root — is the folder under which the GAMS source and work folders reside [it
can be set via the Tools/Options/File Location menu, but should not need to be

adjusted for PIEM]

¢ GAMS Source Code Folder - which version of the TIMES Source Code is to be used
[this should always be the latest GAMS_SrcTIMESv## folder];

o GAMS Work Folder - the folder in which the model is to be run and all GAMS output
files saved [this should always be the GAMS_WTrkPIEM folder]
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e CPLEX - the solver control file that is to be used [this should always be CPLEX or
OTHER when using a custom control file.].

o RUNFile - the instance of the Run File template that is to be used [should not need to
be adjusted for PIEM].

e Control Panel — see explanation below.

e Create DD only — to generate out the model input data but not start the GAMS run to
save the model (rarely used).

e Close CMD Console — for each run you can either automatically have the Command
Prompt window closed, or leave it open if you want to say compare the objective
function value for successive runs.

e P/w Linear VarCost — this piecewise linear interpolation feature is only used with very
large models and is not relevant to Pak-IEM.

e Ending year — the model run horizon can be shortened to a period prior to the last
year in the Period Definition.

e Period Defs — the Period Definition (model run years) to be used [this is changeable
to any of those pre-defined sets created via VFE\Advanced\Milestone Year facility
and appearing in SysSettings(TimePeriods)].

While almost everything regarding the run environment has been set up and likely will not
need to be changed (e.g., CPLEX options file), a brief explanation of the Control Panel
settings (Figure 37) as it relates to Discrete/Lumpy Investments is warranted (for the rest see
VedaSupport). The Control Panel allows for TIMES switches to be adjusted to
activate/deactivate various model variants and options. For the most part these settings can
be left as is, with the user referred to the VedaSupport site for more information on the
various TIMES switches. However, there is one instance when the Pak-IEM analyst may
need to adjust the Control Panel settings. As is discussed in Section Il.C, Pak-IEM employs
the lumpy investment facility in TIMES to handle discrete build/no-build choices for such
things as large power plants and infrastructure investments (e.g., pipelines, transmission
lines, LNG terminals, coal mines). The TIMES implementation of this feature requires that a
mixed integer (MIP), rather than LP problem be formulated and solved. Beside requiring the
appropriate input data, the MIP options need to be activated for VEDA and CPLEX. This is
done by checking the Discrete Investment TIMES Extensions option (upper right corner) and
providing a value of OPTCR=0 in GAMS Option (lower left corner) to ensure zero tolerance
on the MIP solve, as shown in Figure 37. [But MIP is demanding requiring additional model
solve time, so as the model grows during debugging runs one may want to either turn off the
Discrete Investment switch, or loosen the OPTCR value to 0.001 or so.] {Note also that
when updating VEDA the TIMES Extension Climate Module is often activated, but Pak-IEM
does not require this feature, and it should always be unchecked.}
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[ Run Control Panel . ﬁ
—Equilibrium — TIMES Extensions
[] Activate Macro [[] Endogenous Tech Leaming
D Climate Module

—OBJ Function Variant——— Discrete Investment

® Auto

O Standard —Fix Initial Periods

O Modified

O Afternate [] Fix*ears Upto  |Mone

(O Linearized From Run:

[] Mid-year Discounting ‘

| [ shitt Discounting by: [0

— Time-Stepped Solution

—Damage )
CLp NP & NO [[] Runin steps of: [ ]
Owerlapping Years: [ ]
—Uncertainty
Activate Stochastic —General Options
p
1 Tradeoff D Sa.\.fe Solu.tion Infarmation
[] wwrite B Price for Elast Dem
[ Activate Sensitivity Analysis [[] coz calibration at BOH
GAMS Option BRATIO [[] Use Slack Variahles in UC

[[] Do Extended QA Checks

—GAMS Options ———————
OFTCR E OFTCA — TS for Flow Reporting
ITERLIM [999539 | 9 [lawyaitaslz

(" Commodity Lewvel

il | LnMRow [0 I

(" Annual
LIMCOL [0 |

[~ SOLPRINT CK | Cancel ‘

Figure 37: Run Control Panel

The other GAMS Options that are useful at times are to set LIMROW/LIMCOL if you want to
see the equation/column listing in the LST file (the number you set will be the number of
equations/columns listed for each one), or check the SOLPRINT switch if you want to see
the solution dump.

The last run control setting that needs to be specified is the Milestone (run) years, Period
Defs, which are to be used for the model run. Pak-IEM has predefined run periods. The
setting of Milestone years was discussed in Section Ill.A.5. For Pak-IEM there are three
main Milestone years established, where the start/middle(of the period)/end/length for each
are shown in Figure 38. The Milestone year list used most often is PIEMMYS, which
corresponds to the periods found in the Analytics Workbook, as discussed in Section V.D.
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Calibration (1-period)

2007 1
PeriodLeny Start 2007
1 Middle 2007
End 2007
Length (#yrs) 1 | _I
PIEMSP (debugging. 8-periods)
BaseYear
2007 1 2 3 4 5 ] 7 8
PeriodLen Start 2007 2008 2013 2016 2019 2022 2025 2029
1 Middle 2007 2010 2014 2017 2020 2023 2026 2030
5 End 2007 2012 2015 2018 2021 2024 2028 2032
3 Length (#yrs) 1 5 3 3 3 3 4 4
PIEMMSY (Production 14-periods)
BaseYear
2007 1 2 3 4 5 6 7 8 9 10 11 12 13 14
PeriodLeny Start 2007 2008 2010 2011 2012 2013 2014 2015 2016 2018 2023 2028 2033 2038
1 Middle 2007 2008 2010 2011 2012 2013 2014 2015 2016 2020 2025 2030 2035 2040
2 End 2007 2009 2010 2011 2012 2013 2014 2015 2017 2022 2027 2032 2037 2042
1 Length (#yrs) 1 2 1 1 1 1 1 1 2 5 5 5 5 5

Figure 38: Pak-IEM Period Definitions

2. Creating a Model Run

With the core run environment information fully determined (normally none of these need to
be changed) the next step is to specify the scenarios to be involved in the model run. It is
important to remember that the TIMES code "merges/replaces” data from successive
scenarios in the order in which they are presented; thus, the last values are what the code
"sees." With careful management of the scenario files there is rarely a cause for confusion or
a problem in this regard, unless there are overlaps in the various scenario files used for the
same parameters. A discussion of the specific scenarios appears in the templates, tailoring
Reference and Analysis Section 11.C.7. For Pak-IEM it is necessary to sequence the
Scenarios like as follows:

e BASE - All B-Y template data (and the BY_Trans)
e NewTech SUbRES — New resource and technology options

e Demands — Reference, Low, or Medium demand scenarios [Only one should be
selected for any run.]

e SysSettings — System-wide information (e.g., periods, timeslice, regions) and
switches for VEDA (e.g., import options, "backstop” (ZZDMY) cost) and TIMES (e.g.,
interpolation overrides)

e REF-<sector> — The set of scenario files used to tailor the Reference Scenario

e POL-Scenario files — The various policy scenarios that are used to generate the
desires model run

The checked scenarios will comprise the model run, as shown in Figure 36. Any scenario
can be moved up or down in the order by using the up triangle or down triangle buttons just
to the right if the scenario list scroll bar. However, the BASE, SubRES, Demands, and
SysSettings should always be first. The order of the scenarios may be important if there is
overlap between the information in any of the files, as said data is “merged” by
VEDA/GAMS, where the last one seen for a specific instance of the data presides.
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In addition, failing to properly sequence the scenarios for a model run may result in GAMS
domain violation warnings ($170s, as shown in the LST file — Figure 39), which is an
indication that some items are not defined when initially read because they are defined in
scenarios further down in the sequence.

I B-Ref_0621-03g-2 - Notepad Q@g‘

Fle Edit Format View Help

CGAMS Rev 233 WEX-WEI 23.3.3 x86_64/MS windows 0~
TIMES -- VERSION 4.1.0
Compilation

OPTION RESLIM=50000, PROFILE=1l, SOLVEOPT=REPLACE;
OPTION OPTCR=0, ITERLIM=999999, LTIMROW=0, LIMCOL=0, SOLPRINT=0FF;
option LP=cplex;

*——1f you want to use an optimizer other than cplex/xpress, enter it here:
*QPTION LP=MyOptimizer

Woo I Bk

OGAMS Rev 233 WEX-WEI 23.3.3 x86_64/MS windows 0
TIMES -- VERSION 3.0.2
Compilation

9203 PAK.0.PREF-Bosi-PN.ANNUAL.UP 15
Fedededk
wxk% | INE 30 BATINCLUDE C:\VEDA\Veda_FE\GAMS_WRKPIEM\SYSSETTINGS. dd
*xk% | TNE 73 INPUT C:\VEDA\Veda_FE\GAMS_WRKPIEM\B-Ref_0621-03g-2.RUN
9204 PAK.0.PREF-Khal-PN.ANNUAL.UP 15
$170

TREK

wxkk | INE 31 BATINCLUDE C:\VEDA\Veda_FE\GAMS_WRKPIEM\SYSSETTINGS. dd

dddek | INE 73 INPUT C:\VEDA\Veda_FE\GAMS_WRKPIEM\B-Ref_0621-03g-2.RUN

9205 PAK.0.PREF-Tran-PN.ANNUAL.UP 15

FddK $170

FE%R | INE 32 BATINCLUDE C:\VEDA\Veda_FE\GAMS_WRKPIEM\SYSSETTINGS. dd

dddek | INE 73 INPUT C:\VEDA\Veda_FE\GAMS_WRKPIEM\B-Ref_0621-03g-2.RUN

9220 PAK.0.ERDAMHYD-Akhori-nN.UP 15

kK $170 E
< ?

Figure 39: GAMS LST File

The last decision to be made is the naming of the model run, and its associated description.
Keep in mind that VBE will be presenting the scenarios in alphabetic order in the cubes.
Thus, it is recommended to impose naming conventions along the lines of <B/P>-<dem-
pol>_<date>-<i>, where <B/P> is for Base/Policy, <dem> is Demand Scenario, <pol> is
policy scenario, <date> is the date for the run series, and <i> is an index counter or
designator as needed (e.g., B-Ref_0621-03 for Base, Reference demand, no policy, run on
6/21, third iteration of this run). It is important to keep in mind that model runs in VBE will be
sorted by the run name, and so following conventions along these lines will help to keep like
runs grouped together and such. The description should follow similar principles (e.g.,
Reference/Low/High - Policies and qualifiers). [These are suggestions, as VEDA/TIMES do
not impose any limitation, but they are very helpful for keeping your runs organized and
clear.]

With all parameters and scenarios now set, clicking the SOLVE button will open a Command
Prompt window along the lines shown in Figure 40 echoing the GAMS model preparation
and solve. Upon completion of the run VFE will report the status. If a problem arises the
areas discussed in the next two sections should help.
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o C:\WINDOWS\system3 2\cmd.exe

cal_caps.mod(26) 7 Mb

...rpt_obj.rpt(125) 7 Hb
....rpt_objc.rpt(186) 7 Mb
...rpt_obj.rpt(125) 7 Mb
..rptlite.rpt{160) 7 Mb
...cost_ann.rpt(171) 7 Mb
....cal_caps.mod(26) T Mb
...cost_ann.rpt(176) T Mb
....cal_caps.mod(26) T Mb
...cost_ann.rpt(224) 7 Mb
...rptlite.rpt(347) 7 Mb
..rptmain.mod(47) 7 Mb
...s0lsetu.u3(194) 7 Mb
..rptmain.mod(51) 7 Mb
.maindrv.mod(111) 7 Mb
..main_ext.mod(15) 7 Mb
.maindrv.mod(119) 7 Mb
..err_stat.mod{55) 7 Mb
.maindru.mod(120) 7 Mb

--- . .err_stat.mod(55) 7 Mb

--- .maindru.mod(124) 7 Mb

--- B-Ref_@621-03g-2.RUN(97) 7 Mb

wxx 379 Warnings - check listing

--- B-Ref_0621-03g-2.RUN(97) 8 Mb

--- Starting execution: elapsed 0:00:01.594

o+ C:\WINDOWS\system32\cmd.exe

Dual: Pushed 6883, exchanged 2T743.
Using devex.

Iteration log . . .
Iteration: 1 Objective = 189769445 . 7125638
Total crossover time = 1.09 sec.

Total real time on 2 threads - 12.69 sec.
Fixed MIP status(1): optimal

Proven optimal solution.

MIP Solution: 189769445 . 725127 (135 iterations, 0 nodes)
Final Solue: 189769445. 725125 (44 iterations)

Best possible: 189769445. 725127
Absolute gap: 0.000000
Relative gap: 0.000000

--- Restarting execution

--- B-Ref_0621-03g-2.RUN(53698) 27 Mb
--- Reading solution for model TIMES
£33 3

wx% Reading with solevopt=REPLACE (0)

B33

Figure 40: GAMS Command Prompt Window

3. Managing Cases

Besides the core function of setting up and running a model, the Case Manager also assists
with keeping track of the model runs so that previous runs can be recalled, and the GAMS
list (LST) or TIMES quality control Log examined, and old cases deleted. Clicking the LST
Files tab at the top of the Case Manager will bring up a list of runs. Check the one desired
and click OK to open the file. A similar process works for LOG Files and Del Cases, where
for the latter one can have input and result files deleted if desired. The Close button next to
OK returns the user to the main Case Manager form. The LST and LOG files are discussed
further in the next section.

To reload a previous case, go to the All Cases tab (see ), check the case you want, and click
Load. You can then rerun this case — overwriting the current run, or you can change the
case name or version number and rerun the case preserving the previous run results.
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In addition to recalling a single model run, from the Select tab you can also submit a series
of runs as a Batch by multi-selecting the desired runs and clicking the Batch Solve button at
the bottom left of the form. Moreover, you can save a group of runs, giving the batch a
name, by clicking the save icon at the bottom right, which is then available to be recalled to
resubmit said group of runs. This is handy when you have a bunch of runs to do over
lunch/night! See Figure 41.

\%| FE Case Manager @
® Select v | K Delete » | (4 IST | 2 LOGs

All Cases El close

1| Case Date =

B-Ref 1123 23-Mow-2010 06:55 Phd

F_Deml 23 Mow-2010 07:06 Phd L

B-Ref_1123-sp 24-Mow-2010 09:29 Ak

F_Demhd 23-Mow-2010 07:07 Fhd

F_R-Best 23-Mow-2010 07:11 Bhd

F_R-BestDR 23 Mow-2010 07:11 Phd

F_R-CC_r 23-Mow-2010 07:13 FPhd

F_R-CT 23-Mow-2010 07:14 Fhd

F_R-CT-Best 23-Mow-2010 07:15 Fhd

F_R-CT-BestDR 23 Mow-2010 07:16 Phd

F_R-DR 23-Mow-2010 07:17 Fhd

2R REEL 23-Nov-2010 07:18PM

PR 23Nov-2010 0719PM |

F_R-IF_r 23 Mow-2010 07:20 Phd

F_R-PH 23-Mow-2010 07:21 Fhd

F_R-Mr 23-Mow-2010 07:21 Fhd

F_R-RE 23-Mow-2010 07:22 Phd

F_R-TD 23 Mow-2010 07:22 Phd

F_R-TOD-EP 23 MNow-2010 07:23 Phd

F_@ - SRR

=] Batch Run Completed...

P_ 3 B-Ref_0621-03g-2:- Solve status: Optimal

P Hl(J P-Ref-_NDiamer_gD?C‘Elz-Ui;-Su*ve étaipl'.lSE Optimal

1 |B- P-Ref-NThar_0702-01:- Solve status: Optimal

1 B-

] EH

[ B-Ref_1106_SectarPrices-F 08-Mow-2010 03:13 Ak

[ |B-Fef_1106_SectorPrices-F: 08-Mow-2010 03:27 Abd

[ |B-Fef 1106_SectarPrices-F. 08-Mow-2010 03:27 Abkd

[ |B-Fef_1108_Sectar_Prices-r 09-Maow-2010 12:18 Ak

[ B-Ref_1108_SectarPrices  09-Mow-2010 04:36 Ak

[ |B-Fef_1108_SectorPrices_F 08-Mow-2010 03:53 Fhd

[ |B-Fef_1108_SectorPrices_F 03-Mow-2010 08:35 Abd

[ |B-Fef_1108_SectarPrices_F 08-Mow-2010 09:49 Phd -
& ! 1

Batch Solve % E

Figure 41: VFE Case Manager - Batch Run

4. Troubleshooting

There are three areas where problems may arise when working with VEDA and TIMES —
(setup, SYNCing, and solving — some aspects of which have already been discussed in
Section IlIl.A.1 and the next sections.
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4.1. Setting Up the VEDA/GAMS Environment

The VedaSupport website http://www.kanors.com/VedaSupport/index.htm provides clear
instructions for installing and configuring VEDA. Two areas where there are sometimes
problems relate to installing VEDA in the <drive>\VEDA folder (recommended that the
installation of VEDA be done from the same folder) and properly setting the GAMS path to
enable VEDA and GAMS to "talk" as part of submitting model runs.

If the VEDA installation encounters problems and installation was done in other than the
\WVEDA root folder it is recommended that VEDA be uninstalled/re-installed properly.

If the GAMS path is not properly established then when the VFE-CaseManager submits a
run and the Command Prompt window opens, an error message will be presented, indicating
that GAMS is "not found" and the run terminates. From the Command Prompt you can
double-check the path setting and GAMS connection by typing PATH to see the Windows
path in effect, and the typing GAMS to have your GAMSLICE license file details echoed, as
shown below, if the path is setup properly.

MM B-Ref_1123-sp-g [ Reference (with sectm * -:-@ - X -

C:ZUEDA\Veda_FE\GAMS_WRKPIEM>path

PATH=%CommonProgramFiles%\Microsoft Shared\Windows Live;C:\Windows\system32;C:\W|
indows; C:\Windows\System32\Wbem;C:\Windows\System32\WindowsPowersShellyul .0\ ;c:\P
rogram Files\Intel\DMIX;C:\Program Files\Intel\WiFi\bin\;C:\Program Files\Common({#
Files\Intel\lWirelessCommon\;c:\Program Files\WIDCOMM\Bluetooth Software\;c:\Pro
gram Files\WIDCOMM\Bluetooth Software\syswows4;C:\Program Files (x86)\NTRU Crypt
osystems\NTRU TCG Software Stack\bin\;C:\Program Files\NTRU Cryptosystems\NTRU T|
CG Software Stack\bin\;C:\Program Files\lWave Systems Corp\Gemalto\Access Client\|
uS\;C:\Program Files (x86)\QuickTime\QTSystem\;c:\batch;c:\util;c:\gams;C:\Progr
am Files (x86)%Common Files‘\Intuit\0OBPOSSDKRuntime

C:\UEDA\Ueda_FE\GAMS_WRKPIEM>gams
--- Job ? Start 11/28/10 08:55:39 WEX-WEI 23.5.2 x86_64/MS Windows

GAMS Base Module Aug 18, 2010 23.5.2 WEX 19281.19383 WEI x86_64/MS Windows

GAMS Deuelopment Corporation
1217 Potomac Street, NUW
Washington, DC 20007, USA
202-342-0180, 202-342-0181 fax
suppor t@gams.com, WWW.gams.com

BldDate : Aug 17, 2010

SysDir : c:\gams\

BldStamp: wei 23.5.2 (Aug 18, 2018): Tue 17 Aug EST 2010
License : c:\gams\gamslice. txt

Gary Goldstein G10060T:1622CP-WIN
Decisionllare, Inc.
DC2807 OI1COCPGUMSGEOZPTSNXAXP [sle]elelolololelelole]

Status: Normal completion
Job ? Stop 11/28/10 08:55:39 elapsed 0:00:00.022

C:\UEDA\Ueda_FE\GAMS_WRKPIEM>_

Figure 42: Checking the GAMS Path

Again, detailed instructions for installing VEDA can be found on the VedaSupport site. If
problems persist, let IRG or KanORS know.

4.2. Setting Up the Pak-IEM Environment

As discussed in Section II.A, Pak-IEM needs to be installed in specific folders, and VFE
needs to be connected to VBE. The model input data templates are contained within the
PIEM_TMPL_<date> folder and sub-templates residing under the
\WEDA\VEDA_FE\WEDA Models folder. The associated Pak-IEM model results are kept in a
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PIEM_VBE folder that resides under the \WVEDA\VEDA_BE\Databases folder. In order for
VFE to share VBE user-defined Sets via the VFE Options/File Location menu the
PIEM_VBE folder needs to be connected, then appearing on the top line of the VFE menu
line. Note that if this connection is not active then the list of sets available via VFE-Browse
will not include the suite of PIEM_VBE sets and, more critically, VBE sets used in any of the
Scenario files will not be recognized during the SYNC operation (see Figure 22).

The other setup issue that may be encountered is that in order for VBE to see the model
results associated with each run the VFE CaseManager GAMS Work Folder (either
GAMS_WTrKTIMES or GAMS_WT rkPIEM) must coincide with the VBE Import folder handled
via the Manage Import File Locations option, as shown below.

| = —
T VFE [PEM_TMPL 101123143 38, TIMES Micdel = -
e _fasic Funchion: a s ' Jd9-ea@ alslals PaIEM_DraftijsersGuide.w-appendices_v03 - Micn

W Impont/ Archive

71 O Input Files Locations

__uly PRI

o ™ thet =
Add Path | | et Pan
T

-

3oy Adwn |DoioBase FEM VBE Sunday. November 28 2010 1040 |
Va1 e ST D — = NELERR ] e 3
—— - . -

Figure 43: Connecting VBE Results Import with VFE Run Folder

4.3. VFE-Navigator SYNC Problems

As discussed in Section Ill.A.1 during the VFE-Navigator SYNC process, several problems
could arise in importing the changed templates and update the VFE database,. The most
common of these can include:

e Sets not being recognized (often due to the PIEM_VBE not being connected to VFE,
as just discussed in the previous section)

Unrecognized attributes in a table (usually a typo)

VFE UPDI/INS conflict

Commaodity infout of a process not know (usually a missing declaration or typo)
Excel "crash" message

VFE-Navigator does a rather good job of identifying, presenting, and connecting to the first
two types of errors, but simply reports the third and leaves you to determine if an omission or
typo is the problem. Below is an example of the VFE-Navigator error log and the associated
problem for an update request for the "X*ELC*" processes to set an upper bound. But, since
the ACT_BND(UP) was never provided for these technologies, the ~TFM_INS VFE option
must be used to insert a new value, not the ~TFM_UPD option to update an existing entry.
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TrePerods | Interpol_Extrapol_Defaults - Import Settngs — Constants | [l

Figure 44: Update/insert Conflict

The “Excel crash” only occurs on certain computers and remains a mystery in terms of the
cause/remedy. For now, simply continue to uncheck restart and continue, the only problem
being the annoyance of having to repeatedly do so, necessitating remaining at the computer
during the SYNC process.

4. 4. Runtime GAMS or Solver Errors

Normally the linkage between VEDA/GAMS will operate smoothly once properly set up.
However, there are a few instances when something could go wrong during a model run.
These basically fall into two categories — compilation errors ($170s, as shown in the LST file
— Figure 39) or an inability to actually solve the model due to inconsistencies in the model
specification. As noted in the previous section, this most often occurs if a process is
referenced in a Scenario file that is loaded before a SUbRES in which it actually declared.

For solver errors, such as infeasibilities, the analyst needs to bring up the GAMS run LST
file. The way the Pak-IEM RES has been designed, the so-called backstop ZZDMY
commodities will ensure that each energy/demand balance equation can be satisfied. This
helps to eliminate the most common infeasibility in optimization models such as TIMES, but
it may still be the case that some relationship in the model cannot be adhered to, for
example, a lower bound above an upper bound. As shown in Figure 45, the CPLEX
infeasibility finder option will identify the first instance of an infeasibility to guide the analyst
towards the problem, iteratively as necessary.
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| B-Ref_1123-sp-g0 - Notepad - " =) |

File Edit Format View Help

Presolve time = 0.13 s (2]
2GAMS Rev 235 WEX WEI 23 5 ‘2 x86 _64/MS Windows 11/28/10 10:
TIMES -- VERSION 3.0.7

solution Report SOLVE TIMES Using LP From line 63419

[P status(4): unbounded or infeasible
)
Presolve found the problem infeasible or unbounded.

Rerunning with presolve turned off.

Presolve time = 0.17 sec.
=1
LP status(4): unbounded or infeasible

CPLEX Error 1217: No solution exists.
CPLEX Error 1217: No solution exists.

*%% Unable to retrieve Cplex solution.

wrnn SOLVER STATUS FILE LISTED ABOVE

$GAMS Rev 235 WEX-WEI 23.5.2 x86_64/MS Windows 11/28/10 10:
TIMES -- VERSION 3.0.7

solution Report SOLVE TIMES Using LP From line 63419

---- 63419 Solve Read TIMES 0.016 0.016 SECS 54 Mb

$GAMS Rev 235 WEX-WEI 23.5.2 x86 64/MS Windows 11/28/10 10:

TIMES -- VERSION 3.0.7
Execution

m

Figure 45: Solver Infeasibility

4.5. Checking the Calibration

The Pak-IEM model has been calibrated so that it reflects the published energy balance in
the Energy Year Book 2007. If changes or updates are made to the model BY templates,
then the model calibration should be checked. The goal of the calibration is to match the
total energy supply, electricity generation, and energy consumption by fuel type across the
entire energy system. This calibration is important, particularly because the base year
energy service demands derived from the energy balance provide the seed for the demand
projection drivers.

Calibration of the model may be checked in PaklEM_EnergyBalance-2007.xls, using
worksheets VBE_Tables and Calibration. The first step to perform calibration checks is to
output results from the model on energy production and consumption for 2007. This is done
directly from VBE, by selecting the Reference case in the global filter, selecting from the
menu Tools/Update Excel File/All Tables and opening file PaklIEM_EnergyBalance-2007.xls
when prompted.

This updates the tables in the VBE_Tables worksheet. Four VBE tables (prefixed “CL”") are
used in the update process:

o CL_EnergyBalance-Consumption — provides energy consumption data by sector in
2007

o CL_EnergyBalance-Production — provides energy production data in 2007

e CL_Power Plants Consumption — provides power plant energy consumption data in
2007

e CL_Electricity Consumption by timeslice - provides electricity consumption by
timeslice and sector in 2007
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The tables CL_EnergyBalance-Consumption and CL_EnergyBalance-Production tables do
not exactly represent primary and final energy balances, as they have been built to check
model calibration.

The second step is to compare these data with what is published in the Energy Balance.
This is done on the Calibration worksheet, which contains four calibration comparison tables
corresponding to the four key datasets defined by the VBE tables listed above. These
comparison tables contain conditional formatting, which has been used to highlight levels of
differences between model results and Energy Balance data, with darker colors representing
larger differences. The pale green cells with a “C” denote full calibration. The pale yellow
cells are very closely calibrated with the difference value (in PJ) indicated in the cell. Green
shaded values show instances where model output values are too high, while orange / red
values indicate under-reporting.

e Energy consumption by sector and fuel type. Currently calibration, as shown in
Table 11, shows a -0.3% difference, which is very close.

Table 11: Calibration Table - Energy Consumpton by sector and fuel type

Difference checks (in PJ)
CoaD  coal ELC GASNGA NUC OLAYG OLGSL OLHFO OLHSD OILKER OILOO OLLFG  EIOWDF EIDWDP EIOONF BIODMF EIOCRF EIOCRF Total
HAGR -09% C [ [ -039

HEOM 127 c C C C C c C 13
HELD c C 0 0

MO c C 438 nazc C i L= 3

HFED -z H c C C c nc nc C 2

TR [ 108 c C C o L1

Total 002 ¢ s NEE s c 5 © C T ) 0c B 0 c 0c B T

% total difference

e Energy production by fuel type. Calibration difference is only 0.2%, as shown by
the screenshot below.

Table 12: Calibration Table - Energy Production by fuel type

Difference checks [in PJ)

coan CoAal ELCC ELCR GAZASS GASMGAE GASRAW MUC giLawG  QILCRDD QILCRDI
ELE 01z
GASFIP -3.29
P 1] i] 1] 224 1]
IR -0z o 3EE -01a
FEF 197
Total -n.0z 1] 013 043 1] -3.29 356 1] -0.27 -019 1]

Difference checks [in PJ)

OILGSL OILHFD OILHSD OILKER OILLDO  OILLPG  DILKAFP  BIOCRF BIOCRFP BIDOMF  BIDOMF BIOWDF BIOWDF RMWHYD
ELE
GASPIFP

NP [ LY -2

rIR 0 0 0 0 0 0 013 0

FEF 123 4530 Eed 0.0 086 017 258

Tatal 123 48T @2 oMo 0ss -2 288 0 0 0 0 0 013 0 34 0ax

3 total difference

e Energy consumption in the electricity sector. The calibration difference is
currently <0.5%. A much more detailed calibration check can be found in the B-Y
ELC template, worksheet Calibration. In this sheet, expected fuel consumption and
generation by plant is assessed and checked. This uses a VBE update table, namely
CL_Power Plants Fuel Use and Generation.

e Electricity consumption by timeslice. The purpose of this check is to assess
whether the model is reproducing the load profile observed for 2006/07, as reported
by the electricity distribution companies. Below is the current comparison, with the
time series labeled “(R)” actual reported data by distribution companies. The match is
reasonable, with the exception of the summer night discrepancy, which is currently
being resolved.
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Figure 46: Demand Allocation Template (Dem_Alloc+Series)
B. Guide to Establishing the Reference Scenario(s)
As discussed in the Pak-IEM Final Report: Volume | — Model Design, the Reference

Scenario is critical to the credible use of any model, since it serves as the point of
comparison for how events, policies, and options impact the evolution of the energy system.
The primary issue for the development of such a Reference Scenario is consensus building
among the key energy system experts and stakeholders familiar with the core components
of the model. There are then a number of control mechanisms that are used to guide the
evolution of the Reference Scenario.

The typical set of mechanisms include the:
» Forecast for the future demand for energy services
» Price of energy resource - domestic and imported
» Rate at which fuel switching is permitted at the sector and sub-sector levels
>

Rate at which new advanced technologies, typically more expensive but also more
6II

efficient, may enter the energy system or level of the "hurdle rate™ impeding their

uptake

In addition, circumstances particular to Pakistan require that consideration also needs to be
given to the:

» Required minimum operation of existing power plants
» Known new builds (actually under construction or far along in design)

» Timing of the electricity load, overall and by sector/demand

6 A "hurdle rate" is a technology (or sector) specific discount rate that reflects behavior, lack of knowledge, unavailability of capital, and other impediments to

the purchase of advanced technologies.
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» Level and timing for removal of energy taxes/subsidies (by sector)
» Rate at which the need for load-shedding can be overcome

Each of these parameters will need to be set to agreed upon consensus levels to establish
the Reference Scenario. While it is always desirable to gain enough consensus for a single
Reference Scenario, this may not always be possible. Therefore, several versions of the
Reference Scenario may be required to capture different views of the future that may exist
among the key stakeholders. Furthermore, for certain studies there may be reason to
establish an alternate reference scenario against which to compare the implications of other
policy or development scenarios.

Many of these topics were discussed in the Pak-IEM Final Report: Volume | — Model Design.
Here, the operational requirements to make adjustments to the assumptions guiding the
Reference Scenario are discussed.

1. Demand Projection

As discussed in the Pak-IEM Final Report: Volume | — Model Design, Demand Projection
section, base year demands for useful energy services are derived as part of the calibration
process, and serve to seed the projection of future demands for energy services based upon
the various drivers and the way they are associated with the individual demands. The
relationships employed for Pak-IEM are described in full in the MDR.

The Pak-IEM templates Dem_Alloc+Series and ScenDem_DEM_PIEM<scen> constitute the
vehicles for defining a consistent set of demand projections reflecting a particular view of the
evolution of the Pakistan economy and demographics and how they will impact the need for
energy services over the next 20 to 30 years. Demand projections as managed by VEDA-FE
and passed to TIMES are a function of three things:

» Initial year B-Y demand

» A number of Drivers (growth rates) covering the planning horizon that are applied to
the initial B-Y demand

» A Series multiplier running out over the planning horizon that is applied

The Dem_Alloc+Series template DriverAllocation sheet, shown in Figure 47 informs VEDA-
FE of which individual named Drivers are associated with each sub-sector demand. The
Series tab in that template defines the value for the Series called Constant, which is 1 for all
periods.
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1
2 ~DRVR_Allocation.
3 Region  Demand  Drver  Calibration Sensitiity
4 Agriculture PAK AWP Agriculture Water pumping Constant  Constant
5 |Agriculture PAK ATH Agriculture Tractors - Haulage Constant  Constant
& Agriculture PAK ATF Agriculture Tractors - Farm Op. Constant  Constant
7 | Agriculture PAK ADE Agriculture Other Use Constant  Constant
8
=)

Figure 47: Demand Allocation Template (Dem_Alloc+Series)

The Driver values for each Scenario are derived according to the relationships established in
the ScenDem_DEM_PIEM<scen> templates. The three templates (Ref, Med and Low) are
identical except for the specification of the demand scenario, which is entered in cell A2 of
the GDP sheet. When modifications are made to the demand projections, the Ref template
(ScenDem_DEM_PIEMRef) should be treated as the master workbook and all changes
made there. Once the changes are complete and the revised Ref workbook saved, new Med
and Low templates can be created by changing cell A2 of the GDP sheet and doing a Save
to the file names for Med and Low. This procedure will avoid having to make identical
changes in three workbooks and prevent mismatches between the three demand scenario
files. See Figure 48.
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Figure 48: Selection of the Demand Scenario in the Demand Template

In each of the demand templates there is a projection of the core drivers (e.g., GDP,
population, etc.) tied to their associated source data, and various sector-based calculations
are then performed to establish the actual Drivers used by VEDA-FE to generate the
demand projections, which are contained in the Driver sheet of each demand template, as
shown in Figure 49. The development of the demand projection workbook is covered in
detail in the Pak-IEM Final Report: Volume | — Model Design and the user should refer there

before making changes to the demand templates.
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Figure 49: Demand Drivers in the Demand Template

2. The Reference Scenario Control Files

In order to properly guide the Reference Scenario, which includes specifying limits on the
rates that old power plants can be abandoned or new ones built, new demand devices
deployed and fuel switching take place, a series of REF-<purpose> files are employed, as
discussed in the section. In most cases these files employ user-defined constraints are used
to impose these views on the evolution of the energy system as needed.

2.1. Employing TIMES User Constraints

TIMES and VEDA have a power facility that permits the analyst to construct custom user-
defined constraints. These constraints are used for a gauntlet of reasons when constraints
are needed that are not inherently part of TIMES, and (most often) when a constraint applies
to more than a single process. A good example are the build rate constraints discussed in
Section IV.2.2.1 and shown in Figure 50 where an upper limit is imposed on a suite of power
plants according to the fuel type, and Section IV.2.4 where fuel share constraints in the
Commercial sector are discussed.

The basic principle behind standard user constraints are described here, but the user is
referred to the http://www.kanors.com/VedaSupport/index.htm for a fuller description of how
to construct user constraints for VEDA and the TIMES manual for an explanation of the full
breath of capabilities embodied in the user constraint facility (e.g., use as alternate objective
functions, applying input data ).

A user constraint is formed by identifying the specific variables (e.g., activity (ACT), capacity
(CAP), new capacity investments (NCAP)) that are to be associated with one another to form
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the constraint; identifying which elements are to appear on the left-hand side of the
constraints and those on the right (latter with a minus sign).

Again, the user is referred to the numerous examples in the rest of this section for explicit
constraint constructs, in particular the discussion in Section 1V.2.4 related to Figure 63 where
the various VEDA column headers for defining the qualifier rules are laid out.

2.2. Refining the Supply and Power Sectors

There are a number of critical decisions that need to be made relative to the supply and
power sector as it relates to the Reference Scenario. As discussed in this section, the
Scen_REF-ELC_v## workbook contains sheets to handle a number of these upstream
issues.

2.2.1. Limits on New Build Rates

The rate at which new power generation technologies can be built (New Build Rates) are
managed on sheet BuildRates as shown in Figure 50. They are currently implemented
according to power plant fuel types, although any grouping of like plants can be set up on
the sheet. For the Model Year [Col-F] listed, the corresponding length of each period needs
to be provided in Col-M so that the annual limit on additions of new capacity can be
converted to period limits that need to be imposed in the model.

F

Control of New Build Rates by Plant Type Browde T sl Bold ras T whech®
= Acust the arwuasl bral for sach group, by vear [Coll| Bywarsiperiod - the bound imposed on the power
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Figure 50: BuildRates Sheet in SCEN_REF-ELC template

The analyst needs to keep these build rate limits in mind, particularly when conducting
sensitivity analyses that may require higher build rates for certain plant types (e.g., a
renewable electricity target scenario may need to allow more wind and solar to be deployed).
The way to tell if a build rate bound is reached and impacting the solution is to examine VBE
Marginals-UserConstraint table. As can be seen in Figure 51, in the current Reference
scenario a number of these bounds are reached — where the system cost could be reduced
by the amount shown if another GW of new capacity was permitted in any sector with a
negative marginal.
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Marginals - UserConstraints

Original Units: Active Unit | ﬂ Data values filter:

attribute [+ |[Region [« [TimeSlice [+

~Srenario™  |v |UserCans F20i0 2014 |eo17  |eo2o  |ene3 2026|2030 |
=ZIB-Ret 0621-02g |AU_ELC_NCAP-COA ~ ~ ~| 7164 ~ ~| 14023
AU_ELC_NCAPHYD ~ ~| -810.43] 592.89] 55353 -338.79] 000
AU_ELC_NCAPNUC ~ “| -818] -6458] -i/did] -105.83 ~
AU_ELC_NCAP-50L S ~ B v ~[ -163[ 3086
AU_ELC_NCAP-WIN | 23718| 27368| -118.92] -7666| -7487] -77.13

Figure 51: Build Rate Marginals — UserConstraints Table

2.2.2. Forced operation of existing plants

It is often the case that old inefficient power plants with high operating and fuel costs are not
selected to operate by the model. Instead, the model finds it is more cost-effective to replace
these plants with modern more efficient power plants. However, except perhaps under
extreme circumstances, this is not an acceptable option. As a result, a mechanism has been
set up on the ForcedOperation sheet that forces a minimum level of operation from any
power plant. Figure 52 shows that a User Constraint’ (UC) is employed for each technology
to set a lower activity limit, which is coupled to the annual operation level arising from the
base year (2007) calibration of the model. That value is automatically imported into the
FILL_FO sheet and linked to Col-H of the ForcedOperation sheet. This value becomes the
“seed” for the minimum level of operation over the remaining lifetime of the plant. The
analyst can adjust this minimum by providing a factor other than 1 in Col-L.

B C ] E F G H I ] K L

Establish the Minimum Plant Operation Level
= Adjust the relaxation factor to lower the AF relative to the 1st period value [Col-L]

Contraint root / description LIC_ExELELMl Lower bound on wtilization of

~UC_Sets: R_E: AllRegions

~“UC_Sets: T_E:
~“UC_T:2008~L0

UC_Desc UC_N Attrib_Cond Pset_Set  Pset PN UC_ACT UC_CAP UC_RH3RTS UC_RH3RTS~0

Process set Capacity  Availability RHS Interpolate Relaxation
\I: Description of Constraint Name of the equation qualifier  Plant (Model) Name o in BY ad) Rule Factor
Lower baund on utllization of ETSTMNGA-GLIDIV-E UC_ExELEUI ETSTMNGA-GUDIV-E Stack ELE ETSTMNGA-GUDIV-E 0.03171 -B5% 1] 5 1
Lower bound on utilization of ETSTMNGA-GUDII-E UC_ExELEUEI ETSTMNGA-GUDII-E Stock ELE ETSTMNGA-GUDIII-E 0.03171 -30% 0 5 1
Lower bound on utilization of ETCCNGA-GUDIE UC_ExELEUl ETCONGA-GUDII-E Stock ELE ETCCNGA-GUDII-E 0.03171 91% 0 5 1
Lower bound on utilization of ETCCNGA-GUDI-E UC_ExELEUl ETCONGA-GUDI-E Stock ELE ETCCNGA-GUDI-E 0.03171 99% [ 5 1
Lower bound on utilization of ETSTMNGA-M-GARI-E  UC_ExELEULI ETSTMNGA-M-GARI-E  Stock ELE ETSTMNGA-M-GARIE  0.03171 -73% 0 5 1
Lower bound on utllization of ETSTMNGA-M-GARI-E  UC_ExELEUI ETSTMNGA-M-GARI-E  Stock ELE ETSTMNGA-M-GARIFE ~ 0.03171 -B3% 1] 5 1
Lower bound on utilization of ETSTMNGA-M-GARIIE UC_ExELEURI ETSTMNGA-M-GARII-E  Stock ELE ETSTMNGA-M-GARII-E  0.03171 -61% 0 5 1
Lower bound on utilization of ETSTMNGA-JAMI-E UC_ExELEUIl ETSTMNGA-JAMI-E Stock ELE ETSTMNGA-JAMI-E 0.03171 56% 0 5 1
Lower bound on utilization of ETSTMNGA-JAMII-E UC_ExELEULII ETSTMNGA-JAMII-E Stock ELE ETSTMNGA-JAMII-E 0.03171 83% [ 5 1
Lower bound on utilization of ETGTNGA-FABVI-E LIC_ExELEURI ETGTNGA-FABVI-E Stock ELE ETGTNGA-FABVI-E 003171 -28% 0 5 1
Lower bound on utllization of ETCCNGA-FABIV-E UC_ExELELII ETCCNGA-FABIV-E Stock ELE ETCCNGA-FABIV-E 0.03171 -38% 1} 5 1
Lower bound on utilization of ETSTMNGA-MULVILE  UC_EXELEUI ETSTMNGA-MULVIFE  Stock ELE ETSTMNGA-MULVIFE  0.03171 -67% 0 5 1

Figure 52: ForcedOperation Sheet in SCEN_REF-ELC template

The Fill-FO sheet used a VFE function called a Fill Table, shown in Figure 53, which grabs
model input from a particular scenario and enters them in the table so that they can be used
in scenario templates, in this case AFA.

7 Note that a User Constraint (UC) is employed to set the lower activity limit since the TIMES AFA parameter does not accept LO, only FX and UP.
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~TFM_FILL

Operation_Sum_Avg_¢{Scenario Name Attribute Year

Pset_PN

AVERAGE VALUE

(RETURNED)
A

> > > > > > > >>>>>>>>>>>>>>>>> > > >

BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE
BASE

*

AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA
AFA

Model

2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007

Plant (Model) Name
0.85 ETSTMNGA-GUDIV-E
0.30 ETSTMNGA-GUDIII-E
0.91 ETCCNGA-GUDII-E
0.99 ETCCNGA-GUDI-E
0.73 ETSTMNGA-M-GARI-E
0.83 ETSTMNGA-M-GARII-E
0.61 ETSTMNGA-M-GARIII-E
0.56 ETSTMNGA-JAMI-E
0.83 ETSTMNGA-JAMII-E
0.28 ETGTNGA-FABVI-E
0.38 ETCCNGA-FABIV-E
0.67 ETSTMNGA-MULVII-E
0.24 ETGTNGA-KOTIV-E
0.71 ETCCNGA-KOTIII-E
0.52 ETSTMCOA-LAK-E
0.63 ETSTMNGA-FABV-E
0.10 ETGTNGA-SHA-E
0.22 ETGTNGA-QUE-E
0.54 ETSTMNGA-BinQa-E
0.38 ETSTMNGA-Korangi-E
0.23 ETGTNGA-SITE-E
0.42 ETGTNGA-Korangi-E
0.70 ETCCNGA-Kot-E
0.69 ETSTMHFO-Hub-E
0.74 ETENGHFO-Kho-E
0.44 ETSTMHFO-AESL-E
0.63 ETSTMHFO-AESP-E
0.52 ETENGHFO-Sou-E

Figure 53: VFE Fill Table for Power Plant Availability

Again, the analyst should check the Marginals — User Constraint table in VBE to identify
those plants that the model would prefer to operate less than is forced here, and as can be
seen in Figure 54 many of these plants are not economical relative to other options available
to the model because their operation increases the system by the amount shown (in $M per

PJ).
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LserCaonstraint ejZuTu [2U14 |20 |20 |2l |2l |24l

IUC ExELEIMil ETCCHFO-Sab-E 1.016.87( 49093 19242 639524 89773 84165 L4247
IC_ExELEU|_ETCCHMGA-FABN-E 61901 51580 ” ™ ™ ~ ~
LC_ExELEIMI_ETCCHGA-Fau-E h25.75 29488 20.43| 59712 9B258| 1.436.65| 1,676.85
UC_ExELEUNI_ETCCHNGA-GUDI-E 60380 48656 257.23| 88766 - ™ ™
UC_ExELEIUNI_ETCCHNGA-GUDII-E 730700 74078 GBED.7E ™ ™ ™ ™
UC_ExELEIUNI_ETCCHNGAKOTII-E 64143 GE1.14 " ™ ™ ™ ~
C ExELEIMI ETCCMNGA-KotE 481.29 9537 ™ 29358 5958Z| 89080 ~
LC_ExELEIUMI_ETCCHGA-LIb-E 46475 13415 ™| 465.25| 831.90) 1.259.60| 1,461.95
LC_ExELEIUMI_ETCCHNGA-Rus-E 46283 192.23 ™ 48332 829.97| 1.257.68| 1.480.05
UC_ExELEUNI_ETENGHFO-Kho-E 95899 41274 90.66| LOE.BE ™ ™ ™
UC_ExELEUMI_ETENGHFO-Sau-E 98782 44513 13380 B245B " ™ ™
IC_ExELEItl_ETEMGHFO-UCH-E 88119 324.00 154 481.86| 67279 ~ ~
UC_ExELEUKI|_ETENGMGA-Hah-E 48467 22812 ~l B11.14 ™ ™ ™
UC_ExELEIKIl_ETGTMGAFABYI-E 1927 " " ” ” ™ ™
UC_ExELEUI_ETGTNGA-KOTI-E 1.315.09 ~ ~ ~ ~ ~ ~
UC_ExELEUtI_ETGTNGAK orangi-E 974.22| 1.216.65) 1.126.53] 1.922.72| 2552.12| 3.346.76| 4.075.54
UC_ExELEUNI_ETGTMGA-QUE-E 1.012.66 ™ ™ ~ ~ ™ ~
UC_ExELEU|_ ETGTNGA-SHA-E 1.820.39 ~ ~ ~ ~ ~ ~
C ExELEIMI ETGTHNGA-SITE-E 97422 1.216.65) 1,126.53| 1,922.72| 2552.12| 3.346.76| 4.075.54
UC_ExELEUI_ETHNUC-CHASHMN-E 2515 " " ” ” ™ ™
UC_ExELEUMI_ETHUCKANUPP-E 2615 N " " " ™ ™
UC_ExELEIMI_ETSTMCOALAK-E 73354 BBZ48|1.442.21| BOZEG| 776D ™ ™
IC_ExELEIMl_ETSTMHFO-AESLE 102772 &04.200 20756 71213 91552) 85805 ™
IJC_ExELEI| ETSTMHFO-AESP-E 1.02772( &04.200 20758 71213 91562 B85&.05 ~
IJC_ExELE|_ETSTMHFO-Hub-E 1.027.95( 50443 207.79) 71236 91575 B8h&EZ8 ~
UC_ExELEII_ETSTMHFO-Jap-E 96796 42528 113494) 80471 801.01| 75447 454499
UC_ExELEIMI_ETSTMNGA-BinQa-E Bh2.83| 41286) 15352 739.28| 1.115.16| 1.506.15| 1.693.83

Figure 54: Forced Operation Marginals — UserConstraints Table

2.2.3. Discrete Lumpy Investments for Major Projects

In a linear programming model such as MARKAL/TIMES, the optimal solution is continuous
and investments in technology can have any value. Generally this is fine because
technologies are grouped in classes and the incremental investments selected by the model
are much larger than the unit size of the technology. However, for some types of power
plants and for large infrastructure projects (such as pipelines, LNG terminals, transmission
lines), the technology corresponds to a specific project, and the project cannot be built at
less than a minimum size. In these cases, the technology needs to be discrete in nature.
That is built to a specific size, or increments of a specific size, or not at all, and the model
run needs to incorporate a mixed integer problem (MIP) solver.®

To define an individual new technology option as a discrete (or lumpy) investment changes
to two templates are needed. First, in the NewTech SubRES template, the technology set
declaration must include "DSCINV" as can be seen in Figure 55 for ERDAMHYD-Diamer-N.
Second, in the same template on the ELC_Lumpylnv sheet, the parameter NCAP_DISC
needs to be provided as shown in Figure 56. Two types of entries are required. The first
specifies the size of the discrete investment, and there can be several of these entries if
multiple increments are to be allowed. The second entry is the extrapolation rule if the
discrete investment is to be allowed to occur in other periods.

8 The MIP solver will increase the model run time, but this is not a problem for Pak-IEM.
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New Processes - Electricity Sector

~FI_Process
Sets TechName TechDesc Tact Tcap Tslvl PrimaryCG Vintage
Timeslice Operational
Operational  Commodity Vintage
\I: Set Membership Technology Name Technology Description Input Share Lifetime Level Group Tracking
ELE ETCCNGA-N New Gas Turbine Open Cycle - Gas or | PJ GW DAYNITE YES
ETCCHFO-N New Heavy Oil Reciprocating engines w PJ GW DAYNITE
ETSTMHFO-N New Heavy Oil Steam turbine with Rehe: PJ GwW DAYNITE
ETIGCCCOA-N New Coal Integrated Gasification Combi PJ GwW YES
ETCCNGAHFO-N New Gas turbine Combined Cycle - Natt PJ GW DAYNITE YES
ETCCRNGAHFO-N New Gas turbine Combined Cycle with F PJ GW DAYNITE
ETSTMNUC-N New Nuclear Power Plant PJ GwW YES
ETSTMCOAP-N New Coal Steam Turbine Plant (using in PJ GW YES
ETSTMCOA-N New Coal Supercritical Steam turhine P PJ GW YES
ELE,DSCINV ERDAMHYD-Diamer-N New Hydro Power Project Diamer Bas PJ GW SEASON
ELE ERDAMHYD-Golen-N New Hydro Power Project Golen Gol PJ GwW SEASON
ERDAMHYD-Kurram-N New Hydro Power Project Kurram Tan PJ GW SEASON
ERDAMHYD-Munda-N New Hydro Power Project Munda PJ GW SEASON
ERDAMHYD-Kohal-N New Hydro Power Project Kohala PJ GwW SEASON
ERDAMHYD-Keyal-N New Hydro Power Project Keyal Khwa PJ GwW SEASON
ERDAMHYD-Phanda-N New Hydro Power Project Phandar PJ GW SEASON
ERDAMHYD-Basho-N New Hydro Power Project Basho PJ GW SEASON
ERDAMHYD-Lawi-N New Hydro Power Project Lawi PJ GwW SEASON
Figure 55: NewTech SubRes Declaration for Discrete Investment Option
A B C E G H | ] K L

Activate Lumpy Investment for particular power plants or infrastructure

Author:
An index # can be used to allow mulitple
investments of the discrete size in a period.

“TFM_INS Author:
TimeSlice LimType Attribute  Year Other Indexes P N PAK Size (GW/PJa) of the
| /B — ‘_A,S-EQ:F ‘ Discrete Investment.
Discrete GW/Pla or
\l: Increment Plant Name IntRule Author-
NCAP_DISC 2020 1 ERDAMHYD-Diamer-N 1 permit the increment in
NCAP_DISC 0 1 ERDAMHYD-Diamer-N 5 sjﬂ;aﬂjmd LIl

Figure 56: Discrete Investment Scenario Parameters

The final step in making a discrete (lumpy) investment run is shown in Figure 57. At run time
the Case Manager Control Panel needs to have the Discrete Investment activated under
TIMES Extensions, and the OPTCR (optimization criteria) set to zero (0) to ensure a full
least-cost solution.
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Figure 57: Invoking Discrete Investment Option at Run Time

2.2.4. Load-shedding profile

Load-shedding is an unfortunate reality in Pakistan today. As was discussed in the Pak-IEM
Final Report: Volume | — Model Design, data provided by PEPCO/KESC was used to make
an estimate of the unmet demand over the past three years. The LoadSheddingLevel Sheet
in the SCEN_REF-ELC template contains an approach that allows the analyst to set the
estimated level of current unmet demand (if updating the PEPCO/KESC data currently in the
model) and to shape the profile for the elimination of load-shedding over time. This is
currently set to happen by 2013 as shown in Figure 58. {Note that the level set is above
what rental power will meet.}

To change the year at which load-shedding should be fully addressed simply move the 0 in
Col-D to the desired year. Or if other than a linear drop of the load-shedding from 2009
levels is desired simply provide the desired profile.
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A B C D E F G H 1 J K L M
]
2 Establish the Load-shedding profile (from the PEPCO/KESC data) and identify the year load-shedding is to be eliminated
3 [If other than a linear decline from the last year is desired then provide the associated levels as desired.]
a4
5 ~TFM_INS
6 Attribute  Year PAK Pset PN

Model Load shedding

7 \l: Year Load shedding level (P))  technology
3 ACT_BND 2007 5.1 DMYLSELC
9 ACT_BND 2008 52.1 DMYLSELC
10 ACT_BND 2009 75.9 DMYLSELC
11 ACT_BND 2010 DMYLSELC
12 ACT_BND 2011 DMYLSELC
13 ACT_BND 2012 DMYLSELC
14 ACT_BND 2013 0 DMYLSELC
15 ACT_BND 2014 DMYLSELC
16 ACT_BND 2015 DMYLSELC

Figure 58: LoadSheddingLevel Sheet in SCEN_REF-ELC template

To complete the specification of the load-shedding, the share to be attributed to each
demand sector is determined using the proportional consumption in base year for each
sector. To be able to access these values in a Fill Table, “dummy” processes
VT_<sect><fuel> have been created to collect the fuel consumption attribute so that the
value can be grabbed by the Fill Table. As shown in Figure 59, the sector electricity
consumption in the base year is collected to calculate the BY consumption shares and
thereby the actual load-shedding amounts by sector. The derived shares need to be copied
and pasted into the BY-SUP template in the SupplySteps sheet in cells E106-108. A similar
approach is used to establish the sector fuel share constraints discussed in Demand Sector
Fuel Share section below.

A B C D E F G H

1 Special (internal) VEDA attribute providing (B-Y) electric consumption levels from the sector workbooks

2 {Used to apportion the loadshedding to the demand sectors proportionally}

3

4

5 “TFM_FILL

6 Operation_Sum_Avg_Count Scenario Name Attribute Year PAK Pset_PN
Model Technology

7 \I: SUM VALUE (RETURMED) * Year MName

8 S BASE IVA SectFuelCons .I 2007 124.22 WVT_RSDELC

9 S BASE WA_SectFuelCons 2007 36.44 VT_COMELC

10 S BASE VA _SectFuelCons 2007 20.43 VT_AGRELC

11 S BASE WA _SectFuelCons 2007 78.50 VT_INDELC

12

13

L — """  [Author:

15 Derived shares These values should be 46.2% RSD

16 entered into the B-Y 13.6% COM

17 chemtinERE TG 11.0% AGR

18 29.2% IND

19

20 Load shedding values (2007, PJ) 4,23 RSD

21 1.24 COM

22 1.00 AGR

23 2.67 IND

Figure 59: Load-Shedding Fill Table in Fill_LS sheet
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2.2.5. Supply infrastructure overrides

The NewTech SubRES identifies all the known supply options that are envisioned and
potentially available to Pakistan in the future. But some of these options are rather
speculative, and as such it may at times be necessary to prohibit their inclusion in the
Reference Scenario. Figure 60 shows that this is done in the Supply sheet of the
SCEN_REF-ELC templates, where the FLO_BND (flow bound) for the Central Asia pipeline
is set to 0.

No Central Asia Pipeline
Prevent any output from the pipeline

~TFM_UPD
TimeSlice LimType Attribute Year PAK Pset_PN
\I: TimeSlice Level Bound Type e Data Value  Process Name Qualifier
up FLO_BND 2020 0 IMPGASRAW-CentASIA-N
FLO_BND 0 5 IMPGASRAW-CentASIA-N

Figure 60: Supply Sheet in in SCEN_REF-ELC template — Centra Asia Pipeline

2.2.6. Provincial Coal Supply Shares

The VT_PAK_SUP BY template sets bounds for the coal resources available in each
province. To prevent the model from using coal from only the lowest cost province, share
constraints were developed to ensure that the proper coal use proportions were maintained
initially, with some allowance for them to relax over time. Figure 61 shows how a Fill Table is
used to get the base year data for coal use from each province. The calculated shares are
then used to set upper bounds for each provincial coal supply resource that are relaxed over
time according to the factor set by the user.

Get 1st year coal from each province

~TEM_FILL
Operation_Sum_Avg_Count Scenario Name Attribute Year PAK Pset_PN

Model Technology
\l: SUM VALUE (RETURNED) * Year Name
BASE FLO_BND 2007 36.21 MINCOADN
N BASE FLO_BND 2007 10.05 MINCOADB
S BASE FLO_BND 2007 19.77 MINCOADH
S BASE FLO_BND 2007 6.00 MINCOADP
Derived shares 50.3% MINCOADN
13.9% MINCOADB
27.4% MINCOADH
8.3% MINCOADP
Set the shares
~UC_Sets: R_E: PAK
~UC_T:UC_FLO
UC_RHSRTS
UC_Desc UC_N Pset_PN Cset_CN  LimType 2008 2030 ~2008 UC_RHSRTS~0
\I: Description of Constraint Name of the equation Process Qualifier 'I.'vp.e aifls Frllsmeits Relaxation
limit Rule Factor
Share of BALOCHISTAN coal SU_SUP_COADN MINCOAD* -MINCOADR,-MINCOADN COAD up -0.50 -0.70 0 5 1.4
MINCOADN COAD 050" 0.30
Share of PUNJAB coal SU_SUP_COADB MINCOAD* -MINCOADR,-MINCOADB COAD up I -0.14 -0.20 0 5 1.4
MINCOADB COAD 0.86~ 0.80
Share of SINDH coal SU_SUP_COADH MINCOAD*,-MINCOADR,-MINCOADH COAD up I -0.27 -0.38 0 5 1.4
MINCOADH COAD 0.73 0.62

Figure 61: Supply Sheet in SCEN_REF-ELC template — Provincial Coal Shares

2.3. Shaping the Electricity Load Timing

As discussed in the Pak-IEM Final Report: Volume | — Model Design a fundamental input to
the model is the shape and timing of the electricity load, by sector and even end-use, so that
based upon the demand load profile the power plant operation, and capacity requirements,
are properly determined. The approach and data sources for establishing the current
segmentation is discussed fully in the Pak-IEM Final Report: Volume | — Model Design,
while this section of the User's Guide only presents the mechanism for inputting the

Pak-IEM Final Report Volume Il — Users' Guide Page 89



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

information into the model. While it is not expected that this information will need to be
changed, new information arising from a more detailed look at the Residential sector, or
additional data found or secured by means of surveying will require updating the current
information and adjusting the load shape calibration, as discussed here.

The Pak-IEM load profile is established in the Scen_REF-FRs template. This scenario file is
used to estimate the TIMES parameter for the load shape (COM_FRs), which define the
fraction of demand within different seasons and time of day periods for energy service
demands. When aggregated, these fractions are to provide a representation of the Pakistan
electricity load curve data for 2006/07.

The COM_FRs used in the model can be found in worksheet FRs. These are based
primarily on calculations in the Calib worksheet, described below and shown in Figure 62.

e The overall fractions by time period from the Pakistan load curve data are provided in
row 5. The purpose of the Calib sheet is to match these aggregate data with values
in row 6. The values in row 6 are built up based on the splits provided in the data
block C14:Q35. Within this data block, % values shaded yellow can be amended.

e The % values for the different energy service demands are of course weighted by
electricity consumption data in the base year (in column B). If any base year energy
totals are amended in end use sector BY templates, they need to be updated in
column B.

e The first check is to ensure that the seasonal shares of consumption reflect data for
the base year. Values in cells D14:E35 need to be amended to provide a close match
to the sector seasonal consumption totals, shown in C41:E46. The differences in
calibration are shown in red text.

e Then values representing timing of daily demand need to be input. Yellow shaded
cells in block F14:Q35 can be adjusted to reflect this. Note that these are based
predominantly on expert judgment, and therefore constitute the key values that are
most likely to be amended. However, if any of the yellow shaded cells are
changed for one energy service demand, this will affect the overall calibration
(difference between rows 5 and 6); hence other energy service demand shares
will also need to be adjusted to ensure a close match.
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A B [o D E F G H 1 J K L M N o P Q
1 |Load curve specification Split of year into seasons Splits of the seasons into day parts 1.00E-08 \ | \ |
2 Total | s w [} IS P N[ sD Ss SP SN | wD ws wp wN |
3 Energy Split (with correction) 23.5%  48.0%  27.5%| 43.6%]  18.3%] 0.8%]  282%  44.8%  17.6% 8.7%  28.8%  449%  185%  10.5%  26.1%
4 Summary PJ fraction |
5 [From Load data (w correction) 27.5%  43.6%|  18.3%|  08%] 28.2% 18.5%  10.5%  26.1%
6 From calibration 26.5%| 42.0%  18.6%  10.5% _ 28.9% 18.7% 9.5%  27.9%
7 |Agriculture % % % Y % % Y
8 Commercial
9 |Industry r 7
10 Residential 123.78 10.0% 0%
11 Transport 0.04" 33% 60% 0 10% 0% 10% 0% 10% 0%
12
13 Commercial 36.44 0.26 0.51 0.12 1 0.19 0.66 0.07 0.1
14 |Heating 70% 60% 12% 5% 60% 12% 5%
15 Space Cooling 21.86[ 20% 65% 12% 5% 10% 12% 95% 0% 0%
16 |Lighting 729" 37% 5% 15% 45% 12% 45% 30% 15% 25%
17 Refrigeration 1.82] 28% 6% 8% 29% 8% 29% 6% 7 8% 29%
18 Elec Appliances 3.64[ 33% 50% 12% 15% 12% 20% 55% 23% 12% 10%
19 Other 1.82[ 33% 50% 12% 15% 12% 15% 55% 23% 12% 10%
20 [Residential 123.78 0.22 0387 0.15 29 0.4 0.14 0.13 0 0347 3 16 0.27
21 [Heating 78% 40% 5% 45% 42% 16% 29%
22 Space Cooling a0.22( 5% 55% 12% 25% 55% 0% 10% 25% 95% 0% 0%
23 space Cooling (AC) 9.33f 5% 55% 12% 25% 55% 10% 25% 95% 0% 0%
24 |Lighting 40.98[ 36% 5% 20% 40% 5% 20% 50% 10% 21% 38%
25 Refrigeration 13.80[ 24% 55% 8% 25% 55% 8% 25% 55% 8% 25%
26 Misc 19.a6] 34% 55% 15% 15% 55% 15% 15% 55% 16% 12%
27 Industry 78.20 0.33 0.5a] ¢ 0.23 0.55] ¢ 0.2 0.5a] 7 0.2
28 1&S (Pak Steel) 0.50) 33% 46% 8% 29% 46% 8% 29% 46% 8% 29%
29 |1&S (Indpt) 13.29] 32% 6% 8% 29% 6% 8% 29% 6% 7 8% 29%
30 Sugar 0.13f 19% 20% 0% 0% 46% 8% 29% 80% 0% 0%
31 |Ccement 6.89] 33% 46% T 8% 29% 46% 8% 29% 46% 7 8% 29%
32 Textiles 2234 35% 6% 7 8% 29% 6% 8% 29% 6% 7 8% 29%
23 Other 35.06] 5 32% 65% 4% 15% 65% 4% 15% 65% 4% 15%
34 |Agriculture 29.43 0.24 0.46 0.30 015" 0.00 65 015" 0.65 0.207 0.65
35 [Pumping 27.81 0.24 0.46 0.30 15% 0% 0% 65% 15% 20% 0% 65% 20% % 0% 65%
36 Other 1.62 0.24 0.46 0.30| 150%  20.0% 0.0%  65.0%| 15.0%  20.0% 0.0%|  65.0%| 200%  15.0% 0.0%|  65.0%

Figure 62: Calib Sheet in SCEN_REF-FR

In the Calib sheet, rows 5 and 6 do not match exactly. To ensure full calibration, an
adjustment factor is calculated in the Final worksheet (see row 40 of the workbook, not
shown) to ensure close calibration (rows 5 and 6 in Final sheet should be exactly matching).

2.4. Demand Sector Fuel Shares and Device Adoption Choices

As mentioned above, two aspects of the evolution of an energy system need to be guided by
expert judgment: the rate at which current fuel choice consumption patterns may change and
similarly how fast end-use device choice may change over time. This is to ensure that the
model retains a reasonable near term picture, with the flexibility to change but not to radically
re-structure the energy system too quickly. A scenario file Scen_REF-DMD is used to control
both aspects of change in the model across the different end-use sectors.

The technology and fuel shares are “seeded” with the base year shares, collected on the
FILL_BY-Share worksheet. A VEDA Fill Table automatically collects data from base year
templates during the next SYNC operation that imports the Scen_REF-DMD workbook.

A multi-level approach to applying sector/demand/fuel consumption shares has been set up
in each of the worksheets labeled [Sector]_FuelShare, and care needs to be taken to decide
which levels should be activated and to ensure that conflicts are not introduced between the
levels. All sheets (except transport) have the following types of fuel shares:

e Cross-sectoral — limiting share of a fuel to a sector relative to total final energy
consumption for that fuel

e Sectoral — limiting share of fuel use in a sector relative to other fuels being used
in the sector

e SubSectoral — limiting share of fuel for a particular demand (e.g., commercial
space heating), relative to other fuels used for that particular demand

The yellow shaded areas on the [Sector]_FuelShare sheets are User input areas and allow
the analyst to tighten (keeping them similar to that observed in the base year) or loosen the
overall share of consumption by fuel to the sector. By selecting a lower relaxation factor for a
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lower bound (or a higher factor in the case of the upper bounds) the consumption share will
be relaxed. Likewise, fuel shares can be tightened with a higher relaxation factor for lower
bounds (and a lower relaxation factor for upper bounds). An example from the current
templates is provided below and shown in Figure 63.

e A relaxation value of 0.5 in 2030 for natural gas allows the total consumption of
natural gas to drop by 50% from the base year share in 2030. The minimum
share of natural gas used in the commercial sector is therefore 2% in 2030 rather
than 3% in 2008.

e A relaxation value of 1.5 in 2030 for natural gas allows the total consumption of
natural gas to rise by 50% from the base year share, establishing the range. Thus
the maximum share of natural gas used to the commercial sector is therefore
4.5% in 2030 rather than 3% in 2008.

2008 2015 2020 2030
KER 0.95 0.85 0.65 0.50
LPG 095 0.85 0.65 0.50
ELC 0.85 0.85 0.65 Gl
NGA 095 083 063 @
AVG 0.95 0.85 0.65 e
KER 1.05 115 135 150
LPG 1.05 115 135 150 h
ELC 1.05 115 135 150
NGA 105 115 135 150 i I .I
AVG 1.05 115 135 150
~UC_T: UC_FLO
b UC_RHSRTS | UC_RHS
UC_Desc uc_N Top_Check Pset_PN Pset_CO Cset_CN LimType 2008 2015 T~ 2020 2030 ~2008 RTS-0
i Beswr o i B Name of the Process Commodity Commodity Type of Tr:ir ol
P equation Qualifier ~ OUT Qualifier Qualifier uc timit Iy
- ate Rule
Minimum level of COM NGA use in energy SL_COMNGA 0 xe *NGA,- “NGA 10 .03 003 002 002 o 5
system COMNGA
o X COMNGA *NGA 0.87 0.87 088 088
- . - N r r r r
Maximum level of COM NGA use in SU_COMNGA 0 X MGA, “NGA P 003 004 004 008 o 5
energy system COMNGA
o X COMNGA TNGA 0.87 0.96 0.96 0.95

Figure 63: Commercial Fuel Share Bounds for Natural Gas

Note that all the naming conventions for the sector fuel share constraints are either
SL_<sect/subsect><fuel> for lower (LO) bounds or SU_<sect/subsect><fuel> for upper (UP)
bounds so that they are easy to identify. Furthermore, note how compact and concise these
constraints can be specified in the templates for VEDA. Each just requires two (2) lines. In
Figure 63, the second line identifies the target group (e.g., COMNGA) and the first line the
rest of the population (e.g., *NGA,-COMNGA). Each line also specifies the process name
(X*), which is all processes having a name starting with X. Thus, the first line is VEDA
shorthand for all X-processes with an output commodity of *NGA except for X-processes
with an output commodity of COMNGA.

The share constraints are entered into the model as an inequality:
COMNGA =< *NGA x target (for an upper bound).

Because COMNGA is part of *NGA, this inequality gets normalized and reduced to
COMNGA x (1 - target) — target x (*NGA — COMNGA) <0

Therefore, the target value (as a negative) is applied to the (*NGA — COMNGA) group and 1
minus the target to COMNGA, which is the focus of the constraint. A similar approach is
used for the technology constraints, which are discussed below.

The decision to apply an LO/UP limit is obviously a function of the fuel price to the sector,
where cheaper fuels would need to be capped (UP) and more expensive fuels forced (LO).
Note that in general at least one (1) energy carrier to a sector should NOT have a share
constraint imposed. When introducing these constraints to the system it is important to stay
aware of the implications associate with any fuel shares constraints imposed. This can be
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done by examining the VBE Marginals_UsersConstraints table (see Figure 64), where those
LO constraints that are binding will have a +value (indicating that the system is costing this
much more than might otherwise be the case if less of the fuel was required) and UPs a —
value if binding (indicating that the system would cost this much less if more of the fuel was
permitted).

|Marginals -UserConstraints

Original Units: Active Unit | ﬂ Data values filter:

Atttibute [» [Region [+ [TimeSlice [»

----- A Seot0 2014|2017 [en20 |an2z [e026 2030
=IB-Ref 0621-02g |SL_AGRACE_ELC " 1885 36.35] 2089 1485 ~ ~
SL_AGRACE_LDO B34 - ~ v ~| 1738 1708
SL_AGRAWP_HSD 39.23] 19.47] 1687 1452 ~ I
SL_AGRAWP_LDO 2600 1071 741 1181 1484] 1653 1644
SL_AGRELC ~ - ~ - N
SL_AGRHSD ~ ~ ~ “| 31E6[ 4tes] 42l
SL_BMARKET_DSL 10270 456 520 &80| 11| 64| 67
SL_COMMGA 5E6|  1173| 140 TeA1| 187z] 23ge| 2994
SL_COMOTH_AVG 1130 1381 000]  oo0[  0d0 | oo
SL_COMOTH_GSL 1942 23.43] 1131 12| 1328 1638 182
SL_COMOTH_HFO 1130 1381 000 ~ | o ~
SL_COMOTH_HSD 23ge| eeer|  984] 1109] 1900 esEe[ @538
SL_COMOTH_LPG 1542 1885 578 000 000 S
SL_COMWTH_LPG 1643 e0de| 2281 18| 1981 16.26] 2543
SL_COM_KER 1063 142 02 IED ~ ~
SL_INDIOTP_HFO 140 = ~ ~ = ~ ~
SL_INDIOTP_HSD 1382 a7 984] 1109 Tsee] 1737 led
SL_RSDELC ~ ~ - ~ NS
SL_RSDR_WDP 1244 16.80] 1485 1811 2223] 273 3176
SL_RSD_LPG N IEEL T REE ~ ~ ~
SL_TRNNGA ses| 1172|1400 1eF| 1a7|  23g1| 2997
SL_TRN_CARDSLL ~ - ~ - - o
SU_COM_KER ~ ~ SEED | 061 709
SU_INDIOTP_NGA -432| -237] -204]  -les = ~ ~
SU_RSDNGA -16.37 ~ ~ ~ = ~ ~
SU_RSDR_MGA ~ ~ T am A ~ ~
5U_RSDR_RRHELC 7733| 1405] -110] 2653 -3387] 5421] -86.33
SU_RSDP_RRHLPG 5780|3088 -34B4] 4280 -4320) Ee3E| 6AI2
SU_RSDR_RRLCFL °| 1331 2656 1525 1587 643 -9.76
SU_RSDU_IMPSTY 4274 2131 78] 2059 = = ~

Figure 64: Marginals_UsersConstraints Table — Fuel Shares

The fuel shares provided in this scenario file have been introduced on the basis of
requirement, through observing near-term model behavior. However, they should
provide the analyst with an understanding of how to set up any other fuel share not already
included that may be deemed necessary in the future, and decide which ones to activate or
not.

Technology share constraints are needed to control the rate at which advanced energy
efficient devices are allowed to penetrate. This is necessary since the least-cost optimization
driving the model solution works with the lifetime costs for competing technologies, and does
not inherently consider factors such as the lack of knowledge by consumers of the lower life-
cycle cost, unwillingness to adopt advanced technologies, or the inability of some consumers
to pay the higher upfront costs usually associated with such technology. There are two
possible ways to limit the advanced technology adoption rate: either use technology-specific
discount rates (sometimes referred to as “hurdle rates”) which reflect the differential cost of
capital in various sectors or for various purposes, or by imposing a limit on the share of
advanced devices to total new devices purchased in each sector or sub-sector. Pak-IEM is
using the latter approach currently, although the “hurdle rates” approach could be adopted in
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the future (although determining the correct hurdle rates requires data development and
some experimentation to see that the advanced high efficiency technologies penetrate at
acceptable levels in the Reference scenario). The advantage of using the “hurdle rates” is
that the model will overcome the extra cost when a scenario warrants it (e.g., a policy to cut
imports), while when the share constraints are employed the analyst must adjust the binding
constraints to permit more penetration of these devices.

The framework established to enable the technology shares to be imposed can be found in
the [Sector]_TechShare worksheets (see Figure 65). For all sectors, these constraints
ensure specific technologies retain a share of the energy service provided, by employing a
user constraint on the technology activity. Note that a similar approach is used for defining
the technology constraint parameters as was used for the fuel share constraints, where the
target rate of adoption (as a negative value) is imposed on the set of all technologies less
the advanced techs in the sector, and 1 minus the target rate is applied to the advanced
techs.

The analyst can control the rates of technology uptake by adjusting the % uptake values,
shaded yellow in Figure 65. In cell C8, a choice can be made between selecting the
Reference rates (typically used in Reference case runs, with tighter controls on uptake) and
the Alternative rates, used in sensitivity cases. The Alternative rates allow the analyst to
relax the controls on penetration of new technologies, by defining the maximum rate
permitted in the final model period (2040) — cells L8:M8. The uptake rates in the periods
between 2008 (same as under the Reference case) and 2040 are linearly interpolated.

A ] C ] E F G H J K L Mo
User Constraints to control Technology Uptake in Residential Sector

 technologics, The &
seen in BT reprasen

- s - by selecting REFERENCE in coll <5 penctration in
UC_Sets: B_E: AllRegions Otherize ALTERNATIVE raluss tohen. 20s0

1
z
3
.
6 | -UC_Sets: T_E:
3
7
8

Urban Rural
[ REFERENCE [5lect REFERENCE; othervise UCs use ALTERMATIVE assumptions | Mazimum penetration rate 0% a0

iz URBAN 2008 2015 2020 2030 2040 2008 2015 2020 2030 2040
12 | RUHNGAIMP-N e B 104 16 205 e a0z
¥ |RUHELCIMP-N
16 | RUHLPGIMP-N
1€ | RUHELCHPAS-N
17 | RUHNGAHPAS-N
18 | RUHELGHPAI-N = - 1 24 3 5% ™ 1 a0
19 |RUWNGAIMP-N = v£d Water heater, Natural Gas - L B B 107 B 205 £ a0z
20 | RUWLFGIMP-N heater, LPG - Urban e B 104 16 205 e a0z
21 | RUWLFGADV-N oed Water heater, LPG - Urban 2n L2 an 1 15 e a0z
22 |RUWELCIMP-N heater, Electricity - Urd e (-2 10:4 16 20 e a0
22 | RUWSOLSTD-N heater, Solar - Urban 14 2 4 13 10 14 a0
RUFELCFAI-N Electricity - Urban 168 20 221 250 282 (A a0

na 165 185 185 e 12 A 185
ir conditioner, Electricity - U 3 [ 105 12 205 £ a0z
ir coler, Electricity - Urban 2 M W et A0 32 a0z
2 2 2 ey 32 32 ey 2 a2 ey
Bl B B B Bl Bl L]+ B B L]+
50 dan den 43 40 60 dam den 43 a0
[ 48 3 545 595 485 a0
485 4632 4632 465 465 485 4632 4632 46 4632
E 5 s 11 123 2 a0z
182 1834 174 1ax 205 1652 18 174 19 20
2 14 14 i Hx M= 4 14 4 4
‘ooker, Electricity - Urban 2 L2 an i 15 e L

e B 104 16 205 e a0z
e (-2 10:4 16 20 e a0
14 2 a0 (=4 10 14 a0

36 | RUKELCIMPC-N

Figure 65: Advanced Technology Adoption Shares — Residential Sector

As was the case with the fuel share constraints, the analyst is encouraged to check the
marginals, particular for sensitivity runs!

The industry sector has two additional worksheets relating to retrofitting energy efficiency
improvements to existing industry stock.

¢ IND_Retrofit — This sheet controls the retrofitting of existing industry processes with
higher efficiency processes, and ensures that the capacity of the retrofit technology
cannot exceed that of the existing plants and that existing plant stock cannot be used
if retrofitted. For each type of energy efficiency measure, three constraints are used,
as shown in Figure 66.
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0 The first limits investment in retrofit technology to not exceed existing stock.

0 The second states what the stock is, and that new tech capacity cannot
exceed the remaining stock in any given yeatr.

0 The third states that the activity of stock (retrofit and old) should not exceed a
certain level based on the AF factor.

Each retrofit option needs this set of three constraints established, where the B-Y stock is
grabbed by VEDA using the fill table (at the bottom of the sheet).

* Retrofit of existing cement plants - dry single stage process to dry multi-stage

uc_N Pset_PN LimType UC_CAP UC_NCAP UC_ACT UC_RHSRTS UC_RHSRTS*0  UC_Desc

\l: Name of

equation Process qualifier UC Limit type Description of constraint

UC_ICTSSRetrol ICTPSS-E up -1 o 15 Investment in Retrofit tech <= CAPacity(E)
ICTPSS-N 1

N

UC_ICTSSRetroC  ICTPSS-N up 1 .50 15 Capacity Retrofit <=STOCK(year-0)

N

UC_ICTSSRetroA  ICTPSS-E up 1 455 15 ACTacity STOCK <= AF[STOCK)*(CAP(STOCK -CAP(RRR))
ICTPSS-N

Figure 66: IND_Retrofit Sheet in SCEN_REF-DMD

o IND_EEUptake — This sheet controls the uptake of efficiency measures in industry
based on work by Hagler Bailly for ADB (2009). A choice of three uptake rates can
be chosen by the analyst using cell B6 — Reference, Hagler Bailly Assumptions or
Alternative. “Reference” is more restricted than that shown in the Hagler Bailly
assessment, whilst “Alternative” (as yet defined) can be used to go for more
ambitious retrofitting rates.

2.5. Sector fuel price [tax/subsidies]

In Pakistan there are numerous price subsidies provided for certain fuels to different sectors
at varying levels. In the Scen_SectorPrices scenario file a variable cost (VAROM) is added
to sector fuel tracking technologies (X-processes) to reflect the levels of taxes and subsidies
across different sectors in Pakistan. The typical terminology for the use of full pricing in
analysis is known as a financial approach, as opposed to an economic approach, when the
model is run without these additional taxes and subsidies. The difference between delivered
and refinery/supplier determines markup for petroleum products/gas. All sectors pay the
same markup on petroleum products, including the power sector. For gas there is some
sector differential pricing, including a subsidy (-cost) to the fertilizer sector.

These sector markups for the base year can be found in the [Sector]_SectorPrices
worksheets. They are based on three primary data sources — the Energy Year Book, the
Sustainable Energy Efficiency Development Report by Hagler Bailey, and the Economic
Survey. The sector-markups for fossil fuels increase in future years at the same rate as the
commodity prices; these projections can be found in the CommodityPrices sheet. Note that
this sheet is originally sourced from the SUP base year template; any changes to the
projections in the SUP BY template should be reflected in this scenario file. For
electricity, the Hagler sector based markups are retained over time.

As a default, the sector markups are all switched on. In other words, if this file is added to
the model run, all of these additional variable costs will be used. However, individual
fuel/sector markups can be adjusted or switched off, by changing values in Col-I to a fraction
or zero. Zero turns off the markup, and a fraction would adjust the subsidy/tax current in
place by the fractional amount. Note that all subsidies may be adjusted by a uniform amount
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after a given year through the values in cells 16 and J6. In Figure 67, a factor of 0.8 will be
applied after 2020 if the value in cell J6 were 2020 rather than 2050 as shown.

A B C D E F G H 1 J K L M
1
2 * Fuel price sector mark-ups added as VAROM on model X-processes Authar:
3 / Adjust tE.l rfaFIEcl the remuvta\ of
taxtzubsidies from a point in time
4 "TFM_'NS over all sectors, or discretely.
5 TimeSlice Attribute Year PAK Pset_ PN Pset_CO Adjustment Factor h
Sector fuel mark-up  Process Name  Commedity Output Year-hased"
6 * (SM/RJ) Qualifier Qualifier 0.80 2030 factor
7 VAROM 2007 X* *HSD
8 VAROM 2009 2.05 X* *HSD 1
9 VAROM 2015 2.79 X* *HSD 1
10 VAROM 2020 3.41 X* *HSD 1
11 VAROM 2030 3.93 X* *HSD 1
12 VAROM 2007 X* *GSL
15 VAROM 2009 11.79 X* *GSL 1
14 VAROM 2015 16.07 X* *GSL 1
15 VAROM 2020 19.64 X* *GSL 1
16 VAROM 2030 22.59 X* *GSL 1
17 VAROM 2007 X* *LDO
18 VAROM 2009 0.61 X* *LDO 1
19 VAROM 2015 0.84 X* *LDO 1
20 VAROM 2020 1.02 X* *LDO 1
21 VAROM 2030 1.18 X* *LDO 1
22 VAROM 2007 X* *KER
23 VAROM 2009 0.68 X* *KER 1
24 VAROM 2015 0.92 X* *KER 1
25 VAROM 2020 1.13 X* *KER 1
26 VAROM 2030 1.30 X* *KER 1
1« > M| SectorPrices 4MLrl S e A 8 [0 A A0

Figure 67: Fuel Price Sector Markup Worksheet

Note that VAROM uses the standard default inter/extrapolation rule O, which interpolates
linearly between data points, while extrapolating the first/last data point constantly
backward/forward. In the above example, only removing the 2020 value will mean linear
interpolation between 2009 and the end of the modeling horizon.

3. Examining Reference Scenario Runs

Section IV discusses in detail how to manage model run results and use VEDA-BE (VBE).
Therefore, this section only provides a short list of key tables, grouped into the Reference
Tables folder, that are very useful for examining overall model behavior and the shaping of
the Reference Scenario. See Figure 68.
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a5 e = W B R

1 All Tables

1 _WUPIEM_Analticstwor
) Analysis Tables

1 Calikration

-/l Reference Tables

“.[_1 Standard Tahles

Tahle Name Tahle Description Date & Time

_ 0 e-FinalEnergyhyFuel /13 i Phd
DDD_Power .. 00_Power Flants Generation by Fuel Group 1772010 3:21:19 AM
DDD_PDwer .. D0_Power Plants Mew Installations 31172070 10:34:43 Ak
DDD_Refineri... 00_Refineries Outputs 3F2010171:47:00 A
DDD_SuppIy Supply 3/26/2010 8:23:44 PM
DEIedricityt... Electricity to Demand Sectors 372772010 31950 Prd

Y

Figure 68: VBE Table Groups — Reference Tables

While these tables initially present the information in an aggregate form, moving dimensions
on/off the cube area will enable the analyst to zero-in on exactly what the model is doing. For
example, in Figure 69 the new capacity additions are shown by fuel group, but by bringing
the Process into the view the individual plant builds can be seen as in Figure 70.

B Veda Table m
$ HE(gshm ey Xw @ (=8 SR Ny-@-O0-580(4
i 00 ergyBalance alEnergyb e ]
[ & oo_p m
of o 00 0 [
Of o 00 ]
o1 |5 D u
E "B B 00_Power P L
B O ‘UELF’UWErP\anIs New Installations ‘
= Original Units: GW  Active Unit [y ~ | Data values filter: A
L E -
i 2014|2017 |2020 |2023 (2026 |2030 ‘
™ 0.1 148 6.00 183 476 6.00 -
Gas-fired Power Flants 0.56 - - - - -
Hydro Plants 0.08 137 150 150 150 2.00 200
LY Nuclear Power Flants 0.33] 050f 270) 270) 270) 360 -
Oilfired Power Plants 2.0z . . - - - -
Fenewables (non-Hydra) - 085 003 0.03 01o 011 0.06
| Total 434 4.09 571 1023 6.22[ 10.47| 10.06
G
b GI [
e GI |
e GI |
-
e G 4 5
leeed Global Filter Applied For: Scenario - B-Ref_0621-03g-2
( Records) Reacdy A

Figure 69: Reference Scenario Results — New Power Plants by Fuel Group
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‘Veda Tables - [00_Power Plants NewCapacity] B@
= - 8 x
W B @i Q7 XwEE gh 8¥~-®~-O0-550 4

‘UELF’UWErP\anIs New Installafions |

Original Units: GW  Active Unit ’h Data values filter: M

F F Pre ot 2010|2014 (2017|2020 (2023 [2026 (2030

=IB-Ret_0621-03g-2| =l Coalired Power Plants  |ETIGCCCOAN - "~ "~ - ~l 025 - %
ETSTMCOAN - 081 148 B.00 183 451 800
Total oo 148 600 193] 476 600

=IGasfired Pawer Flants |ETCCNGA-BinPN I N ~ = = -
ETCCNGA-HaraPN 005 N N - N i
ETCCNGA-Kora-PN [F N N ~ = = -
ETGTHGAAISERPN 014 N N i N T
ETGTNGA-Engr-PN vzl N N ~ = = -
ETGTNGAFoun-PH [5E N N i N T
ETGTHNGA-GE-RPN 015 ~ - - - - -
ETGTHNGA-Gudd-RPN 011 . . - . - -
ETGTNGAKora-PN [ N N ~ = = -
ETGTNGADriePN [H] N N i N T
ETGTNGA-SITE-PN 0.09 ~ ~ - ~ ~ -
ETGTNGASaitPN [ N N i N T
ETGTNGA-Sapp-FN 0.21 ~ ~ - ~ ~ -
ETSTMNGA-Naud-RPN 0.05 . . - ~ - -
Total 1.91 056 ~ - ~ ~ -
=l Hydro Plants ERDAMHYD-Akhori-N - ~ ~ “| 06D Di0j 200

ERDAMHYD-Alla-Fn - 012 ~ - ~ ~ -
ERDAMHYD-Bunji-h - ~ ~ - AL -
ERDAMHYD-Diamer-N - ~ ~ 1.00 1.00 1.00 -
ERDAMHYD-Dudhni-N - ~ ~ - ~| 080 -
ERDAMHYD-Golen-N - 011 ~ - ~ ~ -
ERDAMHYD-Harpo-N - ~ "~ 0.03 ~ ~ -
ERDAMHYD-Jinn-PN - 010 ~ - ~ ~ -
ERDAMHYD-Kurrarn-N ~l 008 - - ~ ~ -~
ERDAMHYD-Lawi-N - ~ ~ 0.07 ~ ~ -
ERDAMHYD-Lower-N - ~ "~ 018 ~ ~ -
ERDAMHYD-Mala-PMN 0.08 ~ ~ - ~ ~ -
ERDAMHYD-Munda - ~| D053 0.21 - ~ -
FROAMHYD-Nealim-Ph 4 - ~l097 - ~ ~ - LUL‘

Global Filter Applied For: Scenario - B-Ref_0621-03g-2

( Records) Reachy

Figure 70: Reference Scenario Results — All New Power Plants

Note that any table whose name is highlighted in red has been used for an Update
Excel request, and it is important to NOT SAVE the cube layout after adjusting it to
examine details in the table.

In addition, the Analytics workbook, discussed in Section 1V.D, may also be used to examine
the model results and compare successive Reference Scenario runs. In this workbook,
single graphs (Reference), comparison graphs (4-scenarios), and difference graphs (from
first scenario) are dynamically presented, as shown in Figure 71.
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Figure 71: Pak-IEM Analytics Workbook Results

C. Sensitivity Analysis

Once a viable Reference Scenario has been established the model can begin to be used to
explore "what-if* scenarios and sensitivity analyses as alternate views of the future of the
Pakistan energy sector, as well as to examine in a systematic manner using a consistent
framework the response of the energy system to changing circumstances and evolving
policies. The Pak-IEM Advisory Committee identified a set of key issues, listed below, that
the model is to examine initially.

Lower and higher economic growth
e Timing of major projects
o0 Development of Thar coal reserves
Additional nuclear plants
Construction and timing of large hydropower plants
Large import infrastructure projects for gas and electricity
= Limits on available capital funds
e Energy security and sustainability
Rate load-shedding eliminated
Increased use of domestic resources
Promotion of renewable energy
Promoting energy efficiency and conservation programs
Environmental goals (e.g., limits on CO2)
¢ Rationalization of energy price subsidies
¢ Amount and timing of additional oil and gas reserves
¢ International oil and gas prices

To handle all of these policy scenarios, a special scenario generator file, Template-
Scen_ZPolicyRuns_v##, supplemented by instances of the Demand, Load-shedding and
Sector Prices templates, provides the Planning Team with a consistent approach to building
and managing these scenarios to construct policy runs. The initial framework can be readily
extended as new issues arise, or VEDA's general scenario files built as needed, as is
discussed in the remainder of this section.

00O

©Oo0OO0O0O0

Also, as noted earlier, when running policy scenarios that directly impact the power sector,
one must remember to review and perhaps adjust the Buildrates sheet in the SCEN_REF-
ELC template to ensure no conflict exists between the limits imposed there and policy being
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evaluated (e.g., a to examine maximum renewable electricity the upper default upper limits
on wind and solar may need to be raised). In order to make such adjustments, the
SCEN_REF-ELC Buildrates sheet should be copied to a new scenario workbook, the non-
relevant parts deleted (that is, only keep the constraints that are to be changed in the new
workbook) and making the needed adjustments .

A complete set of initial analysis results using Pak-IEM can be found in Pak-IEM Final
Report: Volume Il — Policy Analysis.

1. Pak-IEM Policy Scenario Generator Workbook

A powerful, flexible, and organized approach to building and managing scenarios has been
created for Pak-IEM in the form of the Policy Scenario Generator Workbook, Template-
Scen_ZPolicyRuns_v##. The workbook has pre-assembled VEDA/TIMES specifications to
enable a series of energy system options and policy levels to be set and combined to
perform runs. Figure 72 shows the current list of variants handled by the workbook.

B c D £ F G H 1 1

1 | POIIW Scenario Workbook | Run stamp Date Index Demand
2 Pros oz or

The followlng prioritized list of pollcy scenarlos was developed after significant discussion by
3 the Advisory Committes members and other present at the workshop.
4
5 Pollcy Scanarie Listing Run Tag Activated  Status  Run Name SCEN File Qualifier Run Lakal
£ Economle growth variants el
7  -Lowrate [Acsvate by including DL Low Demand Growth DEM_PIEMLow P_DL_0705-01
& - Medium rate |5“"”""-”‘="‘-""i'-"“"“"1—“'"‘ e et | oM Medivm Demiand Grawth DEM_PIEMMed P_DM_0705-01
9 Limits en timing / availakle capital funds
10 - Mo development of Thar coal reserves " No Thar Resource Development Pol-TharNo P_DR-TR_O705-01
11 - Inereased deployment of nuelear plants: Foreed nuclear capacity in particular year NE Nuelear Foreed Capacity (fnnual) Pol-Nuclearforee  B_DR-NF_0705-01
12 - Increased deployment of nuclear plants: Forced minimum level of nuclear over time horizon NM Mot run yet  Nuclear Forced Capacity (Cumulative)  Pol-NuclearCum P_DR-NM_0705-01
13 - Delay in deployment of nuclear plants ND Nuclear Delay Pol-NuclearDelay  P_DR-ND_0705-01
14 - Construction and timing of large hydropower plants: Delay new and planned capacity HD Hydro Delay {All) Pol-HydroDelayAll  P_DR-HD_0705-01
15 - Construction and timing of large hydropewer plants: Delay new (not planned) capacity HN Mot run yet Hydro Delay {New) Pol-HydroDelayNew P DR-HN_ 070501
16 - Budget constraints on large import infrastructure projects for gas and electricity BL Yas Budget Level Constraint Pal-Budgetlimit P_DR-BL_0705-01
17 Energy security and ¥ _ -
18 - Rate of elimination of load shedding :f:'?"’mr{’.‘;ﬂ:ﬁ.ﬂ‘:'ﬂi’:f‘;ﬁ':"",_, - [ T s Load Shedding Pul-loadshedad]  B_DR-LS_0705-01
19 | - Increased wie of domestic resources — i Impext Dependency Pol-importRed P_DR-ID_0705-01
20 - Timing and level of oil and gas reserves DR To be added Qil & Gas Reserve Availability Pol-DomReserves  P_DR-DR_0705-01
21 - Promotion of renewable energy RE Promation of Renewable Generation Pol-RenewsableElec  P_DR-RE_0705-01
22 - Bromoting energy efficiency and conservation programs FE Erergy Efficiency Pol-EnEfficiency P DR-EF_0705.01
23 - Envirenmental goals: Same annuwal cap on CO2 CA €02 Annual Cap Pol-COZAnnLimit P_DR-CA_0705-01
24 - Environmental goals: Multiple year caps on CO2 ™ Net run yet  CO2 Multiple Year Cap Pol-COZMultiLimit  P_DR-CM_0705-01
25 - Emdronmental goals: Cumulative cap on CO2 cC €02 Cumulative Cap Pol-CO2CumLimit P_DR-CC_0705-01
26 Fuel prices
27 | - High price sensitivity PH High Energy Price Prajection Pal-PriceHigh F_DR-PH_0705-01
28 - Low price sensitivity ot by rehding sind oo Fer — PL Low Energy Price Projectlon Pol-Pricelow P_DR-PL_0705-01
29 - Removal of price subsidies (and taxes) SecioPioss_viE workbock in e model fur [ SN Energy Price subsidy Remaval Pol-SubsidiesNe P DR-SN_0705-01
El
31
32 Note: The MewBullds_Ad] sheet should be adjusted {and activated) where necessary for any particular scenario.
W 4k ¥ Scenarlos < Major Project Limits Energy Security@Sustanabiity Energy Prices - NewBuids_Adj [N |

Figure 72: Scenario Sheet in the Policy Scenario Generator Workbook

To handle instances of medium/low demand projections, faster/longer timeframe for the
elimination of Load-shedding, or adjustments to the Sector Prices (tax/subsidies) refer to the
associated files, discussed in sections above with respect to shaping the demands and
establishing the Reference Scenario. In the following sections, the remaining policy
scenarios are divided into three groups:

e Major Project Limits, where the timing and/or level of specific projects or groups of
technologies and explored

e Energy Security and Sustainability, where resource availability, clean energy and
environmental issues are adjusted

e Energy Prices, where international (and thereby domestic) prices for oil and gas may
be adjusted

The Scenarios sheet reports the instances of Activated options. The way this template
workbook should be used is to first save it with a new name reflecting the combination of
scenarios to be combined this time, activate them with the appropriate values, and double-
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check the list on the Scenarios sheet before resaving and performing the desired sensitivity
runs using it. The Run Stamp fields (cells G1:12) can be used to set the
demand/date/instance for each run and is used to construct a suggested run Case name;
though the actual name used is up to the analyst and does not have to be tracked here.

The workbook has three worksheets corresponding to the three scenario groups listed
above. On any of these sheets, the analyst simply provides a “trigger,” consisting of the word
Yes or an appropriate value in row 4 and/or 5 for each option to be activated, as shown in
Figure 73. In the figure, we can see that to inhibit Thar coal only a Yes needs to be entered
in the drop down menu in cell C5, while for the New Nuclear build a GW level needs to be
provided in cell E5. {Note that when a constraint is not activated "\I: *** Inactive ***" will
appear above the VEDA update table (turning that update off), while when activated
the VEDA update command appears along with the provided value when appropriate.}

£ Template-Scen_ZPolicyRuns_v14 [Compatibility Mode] - B X
A B c D E F G H 1 ) w

1 [ve Major Project Evaluation Policy Worksheet

2 *** Enter or a value (i) to activate a particular policy, limit, or target & provide periods ***

Delay All ]
No THAR {push Thar cost Min New Nuke Nuclear (# Nuclear cost Delay All Hydro (# Delay New

3 Policy START backto (T)}  increase (GW) Total years) increase No New nuclear years) Hydro (#years) Hydro

4 Run Tag N NM ND NC NN HD HN

5 Activate Flag| Yes ~ b 5 2 b b

6 Period 2100 Enter e WivaluoL sy 2100

= require adjusting |

NewBuilds.

8 | ActivateFlag THAR Coal

9 Yes Pushing START out (past model horizon)

10 ~TFM_UPD

1 Timeslice LimType Attribute Year PAK Pset PN

Process Name

12 Header Descriptions TimesSlice Level Bound Type = Data Value Qualifier

13 START 2100 MINCOADR™

14

15 Increase Thar coal investment costs

16 \I: *#* Inactive ***

17 Timeslice LimType Attribute Year PAK Pset_PN

Process Name

18 Header Descriptions Timeslice Level Bound Type = Data Value Qualifier |
19 INVCOST * MINCOADR*

20

21

2 Increased Nuclear Deployment

23 5 Minimum GW new Nuclear (over model horizon)

24 ~uc_T

25 UC_N Pset_Set Attribute Year LimType Pak ) UC_Desc

Constraint Constraint

26 Header Descriptions \I:Constraint Name Type Data Value Description

27 UC_TotNewNUC UC_RHSR L0 s 1 More Total New Nuclear

28 PP_NUCLE UC_NCAP 1

29

30

31

32 Delayed nuclear deployment

33 \I: *#* Inactive ***

34 Timeslice LimType Attribute Year PAK Pset_SET Pset PN

35 #of years Header Descriptions TimesSlice Level Bound Type © Data Value Process Set

ETPWRNUC-CHAS-PN,

36 Delay new nuclear projects (planned and new) . + ETSTMNUC-N 1 4
4 4 » M Scenarios | Major Project Limits Energy Security&Sustainabiity Energy Prices NewBuids_Adj ¥ |]| q] 13 I].:i

Figure 73: Major Project Limits Policy Scenario Worksheet

The Energy Security & Sustainability worksheet is set up in the same manner, but there are
a few special considerations. In the CO2 limit scenario, which caps emissions at some
percentage below the Reference case emission levels, relies on data from the
"00_Emissions by Sector" VBE table to properly set the CO2 cap levels. Likewise, the
Promoting Energy Efficiency scenario relies on the "00_Final Energy by Sector" VBE
table. Thus, anytime the Reference scenario changes, these tables need to be
updated.

For the Energy Prices worksheet (see Figure 74), the analyst:

e Selects via the drop-down menu in cell D3 whether the Reference, High or Low price
trajectory is to be used. The default selection is Reference.

¢ Adjusts the High/Low oil price trajectories (E8:K9), if desired.
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e Adjusts the gas to oil price ratios (R13:S14), if desired.

e Updates the 2007 “seed” values, if the product prices in the BY SUP template have
changed.

The resulting values to be fed to the model are displayed in the table below the trajectory
growth rate table and then they are formatted for loading into VEDA in a table below it.

@ Template-Scen_ZPolicyRuns_v14 [Compatibility Mode] - M X
A B C D E F G H 1 J K L |
1
2 RunTag
3 Select fuel price scenario I - 2
. -
5 Crude Qil Price
6 2007 2009 2020 2030 2035 2040 2045 2050
T REF (WEQ 2003) A 508/bl 58 60 100 115 124 129 139 149
8 HIGH 58 63 120 150 160 170 185 200 Yellow shac
9 LOowW 58 60 90 100 105 110 115 120 Yellow shac
10
11 Growth rate 2007 2009 2020 2030 2035 2040 2045 2050
12 REF 1.00 1.03 1.71 1.597 212 2.21 2.38 2.55
13 HIGH 1.00 1.11 2.06 2.57 2.74 2.91 3.17 3.43
14 LOoW 1.00 1.03 154 171 180 1.88 1.97 2.06
15
16 Meed to ensure BY prices
17 are as per values in BY SUP \5/\
trmeplate [see SupplySteps]
18 2007 2009 2020 2035 2040 2050
19 Imp. Crude IMPOILCRDI 10.1 10.34 17.23 21.30 22.18 25.66
20 Dom. Crude MINOILCRDD-Ball 7.0 7.24 12.06 14.51 15.53 17.97
21 MINOILCRDD-NWFI 7.0 7.24 12.06 14.91 15.53 17.97
22 MINOILCRDD-Punl 7.0 7.24 12.00 14.91 15.53 17.97
23 MINOILCRDD-Sinl 7.0 7.24 12.06 14.91 15.53 17.97
24 Import POL IMPOILHSD 17.1 17.55 25.25 36.17 37.67 43.58
25 IMPOILHFO 10.6 10.88 18.13 22.42 23.35 27.01
26 IMPOILLDO 154 15.83 26.38 32.61 33.96 39.29
27 IMPOILKER 18.6 19.12 31.86 39.39 41.03 47.47
28 IMPOILGSL 13.0 13.51 30.86 38.15 39.73 45.98
29 IMPOILAVG 17.7 18.15 30.25 37.39 38.95 45.00
30 IMPOILLPG 14.5 14.91 24.84 30.71 31.99 37.01
31 Export POL EXPOILHSD -8.5 -8.78 -14.63 18.08 -18.83 -21.79
32 EXPOILNAP -9.9 -10.18 -16.96 20.97 -21.84 -25.27
33 EXPOILGSL -9.0 -9.26 -15.43 19.07 19.80 -22.98
34 EXPOILAVG -8.8 -9.07 -15.12 18.70 19.47 -22.53
35 EXPOILKER -9.3 -9.56 -15.93 15.70 -20.51 -23.73
36 EXPOILLDO -1.7 -7.91 -13.19 16.30 -16.98 -19.65
37 EXPOILLPG =T] -7.45 -12.42 15.36 -15.93 -18.50
38 EXPOILHFO -5.3 -5.44 -9.07 11.21 -11.67 -13.51
39
40 | 4
4 4 » M| Scenarios Major Project Limits Energy Security&Sustainability Energy Prices [ il [

Figure 74: High/Low Energy Prices Policy Scenario Worksheet

With regard to many of the scenarios it is important to keep in mind that in the some of the
Reference Scenario tailoring templates there are constraints on the power sector build rates
by fuel group and controls on degree of fuel switching permitted that may need to be
adjusted for certain scenarios to work.

2. Additional Alternative Scenarios

The tools and techniques employed to build the Pak-IEM Scenario Generator Workbook
discussed above can obviously be expanded to add additional control areas, VEDA data
blocks, and Scenario summary sheet entries as the need arises. For more sophisticated or
single time scenarios the VEDA Attribute Master can be used to build custom scenario files
from scratch. In addition, it may be necessary to supplement the Reference set of new
technologies with additional options, such as hydrogen or biofuel sub-systems, which
requires adding to or making a new NewTech SubRES. Each of these is discussed in this
section.
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2.1. Using the VFE Attribute Master

The VFE Attribute Master serves several useful purposes, as show in Figure 75, by listing all
the attributes managed by VFE, indicating the required index qualifiers (with their defaults),
and interpolation rule employed. The attributes listed to the left are the TIMES parameters
while for the most part the Alias list is composed of the corresponding VEDA parameters.

r =S — - |
VFE[PIEM,TMPL,101123H.3.34:MModel—[Suppurted Attributes [213]: Showing [213]] T m— ‘ gni
™ File Basic Functions Advanced Functions Tools ShortCuts Window Help * Version 4337 Available * C\VEDA\Veda BE\Databases\PIEM_VBE\Veda_SnT.Mdb [-1=]%]
Peramter IR Ns  [[]__wo |

[JDefaut [ Required I Notinter/Extrapolated [ Inter/Extrapolated ky default method
| [FAttribute . Commodity | TimeSlice |LimType |Currency |Stage [sow [Other_Indexes [Atias -
ANNUAL  UP BOUND(ED)O/ENDACT/ACTEND/BOUNDEDIOr |
[l ACT_COST CUR VAROMACTCOST
5 ACT_CUM up CUMBNDCUM
1l ACT_EFF CommGrp
|5l CAP_BND up BOUND(EDYBNDCAR
|5l CCAPO

|| |7 coapm
|-l CEFF CEFFICIENCY
|5l CEFF Deef. Out CEFF-O
5l CEFF Def In CEFF4 I
i CLUSTER | e fl
1l CM_C02GTC
5l CM_CONST i
i CM_EXOFORC [ :
Il CM_HISTORY ]
= CM_LINFOR [ ] [ ]

5 CM_MAXC ] N
5 CM_MAXCO2C | bl
I COM_AGG ] Cammodit? CAGG i
i COM_BNDNET ] ENY_BOUND(BDYENYEND/CBNDNET

[l COM_BNDPRD ] CBNDPRD il
i COM_BPRICE | ANNUAL CUR MED-DMBPRICE/CBPRICE

'l COM_CSTNET ] CUR ENY_COST/ENYCOST/CCSTNET

i COM_CSTPRD ] CUR CCSTPRD

i COM_CUMNET ] ENY_CUMMAX/ENYCUM

i COM_CUMPRD ]

|l COM_ELAST ] MED-ELAST(BO)/CELAST

i COM_ELASTX | ELASTX

'l COM_FR ] FR{Z)(Y)/Fraction

5 COM_IE | ] TEENTYTE(MAT)

1| 5 coM LM
5l COM_PEAK
I i COM_PKFLX [ ] PKFLX
i COM_PKRSY ] HRESERV/(E)RESERY
|| |2 com_PRoJ | ] DEMAND
[l COM_STEP MED-STER(BDYCSTER f
|| [ com_suBNET [ ] CUR CSUBNET o
i COM_SUBPRD ] CUR CSUBPRD
i COM_TAXNET ] CUR CTAXMET I
| [ coM_TAXPRD ] CUR CTAXPRD =E
I oo e
Attribute Description fl

| ey [ PIEM_TMPL_101123 Saturday. November 27, 20100101 PA 4

Figure 75: VFE Attribute Master

However, besides basic information provided by the Attribute Master, it may also be used to
create an initial VFE load sheet ready for the specification of the appropriate qualifiers and
importing. There are two layouts that may be set up:

e VFE flexible input table (~FI_T, such as that used in the BY and SubRES - which it is
recommended to work with)

e VFE Scenario Insert/Update, shown below
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Tra v b Dl L P — g Scen_TEST [Compatibility Mode] = Microsoft Excel e [

lnsert  Pagelayout  Formolas  Data Review  View  Addeins w "X

b i F £ Aosy
‘ !‘ S Calitsri « 111 KA | o R =F Wrap Teat General = I_I <I }J, f}
|| Pas e |8 L D[ E e A R Hmergeacemer- [$ - % 0|0 A ¢ lnsert Delete s & Foda |
o7 - £ | ACT BND s—|
A B C D E F G H | J K L M N (] P qQ R b
: =
2
3
5 “TFM_UPD
& |TimeSlice LimType Attribute Year Other_Ind Curr Tech_Com Psat_Set Pset_PN Pset_PD Pset_CO Pset_Cl Cset_Set Cset_CN Cset_CD AllRegion: PAK

(g ANNUAL UP IA{’T RNI‘}!

13 B

| 4 » W legend Scen TEST ©J 1 | N
Ready {50 0 {0 a00a (—} AEAE

Figure 76: VEDA Flexible Update/Insert Table

To request a VFE Scenario table an existing Scen file needs to exist. Once the parameter(s)
desired are checked and the INS/UPD button hit the resulting worksheet will be laid out for
the Attribute indicating required qualifier information (timeslice, limtype with their defaults)
and list all the possible rule components by which the desired model component (for
ACT_BND that would be the process or group of processes to have a bound applied). {Note
that when YEAR is not specified for a time dependent parameter it defaults to the 1st
period.}

As seen in Figure 76 there are essentially two groups of criteria specifications, the Pset and
Cset for process and commodity related rule specification, where the _suffice means:

Set — list of process or commodity sets

PN/CN — list of process or commodity item names masks
PD/CD - list of process or commaodity description masks
CI/CO — I/O input/output flow indicator for Tech_Comm

The actually value to be assigned to the qualifying items is provided in either the AllRegions
or PAK columns. Note that “*” wildcards are permitted in P/Cset fields, as well as “-” for NOT.
A list of expressions separated by commas “,” may be provided for any combination of fields
corresponding to the “rule” that is to be followed to identify the qualifying model components.
This is clearly a powerful facility that needs to be used carefully, and checked out in VFE
Browse to see that the desired results are obtained.

One tricky aspect of working with the VFE INS/UPD facility is that the user has full
responsibility to ensure that INS inserts only new entries and UPD changes only existing
information for all qualifying indexes (including year/bound type/timeslice). The SYNC
operation now checks to make sure this rule is strictly adhered to, reporting any conflicts or
ignored entries in the Log.

2.2. Adding New Technologies {Augmenting the SUbRES}

Any time a new option needs to be added to Pak-IEM it is necessary to augment the RES by
adding any new processes and commodities to the future options available to the model by
means of the SUbRES_NewTechs. For a new process, this can be done by replicating an
existing new option on the corresponding (or new (copied)) load sheet by simply copying a
row (or more if dual fueled/output) in the ~FI_T table specification area, and doing the same
in the ~FI_Process declaration block. If the technology also introduces the need for new
commodities, then a ~FI_Comm declaration will be needed for them as well.
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Once specified and imported into VFE the new option should be examined robustly (via RES
and/or Process Master for topology, as well as Browse for actual data).

V.  Examining Pak-IEM Model Result

TIMES model results are managed comprehensively by VEDA_Back-End (VBE). VBE is a
remarkably simple yet extremely powerful system based upon these core aspects and
features:

e A detailed set of TIMES model results handled as Attributes, with all manipulation
and aggregation handled by VBE.

e Attributes are naturally indexed by components of the RES (commodities and
technologies), the model timeframe (periods, timeslices, vintage) and most
importantly the Scenario.

e The ability to define Sets for the RES components based upon rule conditioned by
name/description/topology criteria, which then serve as aggregation levels in the
Tables.

e Assembly of the Attributes, conditioned by the Sets and/or specific criteria for some
index, into Tables.

e The construction of dynamic data Cubes (multi-dimension pivot tables) that permit
easy manipulation and automatic aggregation of the Tables.

e An update facility that permits the updating of exported Cubes to Analytics Excel
workbooks, where multi-case graphing of scenarios is interactively supported.

In addition to these central themes, VBE also provides:
¢ Full-functioned Unit conversion.

e An override qualification by a Global Filter applied to each table request, which is
particularly useful for switching Scenarios.

e The ability to group tables into Reports.

Each of these features and the overall philosophy for working with VBE is discussed in the
rest of this section.

A. Connecting VBE to Model Results

The Case Manager of VFE points to the GAMS Work Folder (GAMS_WTrkPIEM), which is
then the folder in which the model runs results are actually saved. So, VBE needs to be
connected to the same folder in order to access the model run results. To make this link use

the VBE Results/Import command [or hit [F7]/ !5]] to be presented with the list of model runs
VBE can see according to the current folder list. See Figure 77. If you don’t see your run
listed then you're not yet linked to the GAMS Work Folder, which can be done by clicking the
Manage Input File Locations button at the bottom left of the Import/Archive window and
navigating to the \WVEDA\VEDA_FE\GAMS_WTrkPIEM folder.
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Figure 77: Linking VBE to the GAMS_WTrkPIEM Folder

Once the desired runs are seen, simply check them for importing and click the OK button.
Note that if a run is already loaded into VBE and has been rerun (has a newer date than the
date imported) it will be automatically preselected.

B. VBE Basics

This section presents a concise overview of the most often used aspects of VBE, with
Section IV.C providing a specific discussion related to Pak-IEM.

1. Main Form Layout and Content

The main form of VBE is the table specification and selection interface as shown in Figure
78. It is divided to two forms. The left (Table definitions) side shows the current table
specification, the combination of index criteria, either sets or individual items (e.g., Attributes,
Process/Commodity items or sets) that define that table. For any table dimension which has
no qualifiers specified, all information for that dimension will be retrieved. The right side
shows the index qualifier tabs, which show all the qualifies available for that tab (dimension).
The sets or elements currently specified for the selected table will be highlighted.

To select an existing table simply pull down the Table Definition List and pick the desired
table. In Figure 78, we can see that 00_EnergyBalance-FinalEnergybyFuel table comprises
the Attribute VAR_Fin (corresponding to the consumption commodity for a technology), the
Commaodity Sets for each of the main fuel groups, and Process Sets grouped by end-use
sector. {The table name is shaded red because the table has been used in an Update Excel
(see Section V.D.3).} In Figure 78 we can see the Scenario tab showing all the scenarios
that are currently loaded in the VBE database.

Pak-IEM Final Report Volume Il — Users' Guide Page 106



Pakistan Integrated Energy Model

ADB TA No. 4982-PAK

I VEDABE: [PIEM_VBE] -4.8.705: TIMES
File View Table Sets Results Tools Help
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Table definition (\All Tables)
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@ RCOM
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@ XRSD

@ XTRN

|EIU_EnergyEaIant:e-FmaIEnergybyFuel ﬂ
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=@ Attribute ﬂ
® (;ju:njfﬂz;"“; E-Ref_SciPrices E-Fief_SotPrices
® Process P_DL_0705-/01 P_DL_0705-01
® Perind P_DM_0705-01 P_DM_0705-01
® Fegion P_DR-C1_0705-01 P_DR-C1_0705-/01
® Vintage P_DR-CC_0705-401 P_DR-CC_0705-u01
® TimeSlice P_DR-EE_0705-v01 P_DR-EE_0705-u01
@ UserCanstraint P_DR-HD_0705-01 P_DR-HD_0705-01
® Scenaria P_DR-NF_0705-01 P_DR-MF_0705-u01
- ® CommaditySet P_DR-PH_0705-v01 P_DR-PH_0705-v01
COAL P_DR-PL_0705-v01 P_DR-PL_0705-01
ELCC P_DFR-RD_0705-01 P_DR-RO_0705-/01
NGA P_DR-RR_0705-01 P_DPR-RR_0705-01
HUC F_DR-TD_0705-01 F_DR-TD_0705-01
oIL P_DR-TD-HD_0705-+01 P_DR-TD-HD_0705-/01

00_EnergyBalance-FinalEnergytbyFuel

Unit: |p -
[~ Include Null

MNew Table ‘ Aggregation ‘
‘ “iew Table(s) |

Selectfolder(s) to open...

[ Adtribute T Commodity T Process T Period Riegion
Vintage T TimeSlice T UserConstraint T Scenario

| Global Filter Applied For:

Admin | DataBase: PIEM_VBE Monday, July 05 2010 1354

Figure 78: VBE Table Specification and Selection Interface

2. Attributes

As already mentioned, the Attributes correspond to the actual results from each model run.
Figure 79 shows the entire Attribute list. The most often used attributes include:

0 VAR_Fin — consumption level of each commodity by a process

0O O O O o o

VAR_Fout — production level for each commodity by a process
VAR_Act — total output from a process

VAR_Ncap — incremental capacity additions (new builds)
VAR_Cap - total installed capacity in place in a period

ObjZ — total discounted system cost

Cost_* — various costs (e.g., investment, supply, O&M) calculated by the

TIMES report writer

0 *M — the marginal cost associated with commodities (e.g., fuel price, carbon
value) and technologies (e.g., new investment, capacity, activity)

The Attributes that begin with VAR/EQ correspond to raw model results whereas all the
others (besides ObjZ) are calculated by the TIMES report writer.
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File View Table Sets Results Tools Help
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® TimeSlice EQ_Combal Commaodity Slack/Levels
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@ COAL EQ_Peak Peaking Constraint Slack
® ELCC 0ObjZ Total discounted system cost
® NGA FAR_CaplUP Capacity Upper Limit
& MNUC PAR_Pasti Capacity PastiNY
@ oL Feg_ohj Fegional total discounted system cost
® RNWALL Feg_wohj Fegional total expected discounted system cost
= © ProcessSet User_con Level of user constraint
g iégz User_conFxM Marginal cost of fixed bound user constraint
® WND WAR_Act Process Activity
@ WRSD AR _Acthd Process Activity - Marginals
® XTRN WAR_Cap Technology Capacity
WAR_Caphd Technology Capacity - Marginals
WAR_Climate Climate resultvarishles
WAR_Comnet Commodity Net
VAR_Fin Commuodity Consumption by Process
WAR_FOut Commodity Production by Process
00_EnergyBalance-FinalEnergybyFuel WAR_MNcap Technology Investment (+Marginals)
WAR_Mcoaph Technology Investment - Marginals
x| B
Unit: (g -
[ Include Null H
MNew Table Aggregation |
| View Table(s) | | = Giobal Fiiter Applied For:
Ready Admin |DataBase: PIEM_VBE |Sunday. July 04, 2010 16:17

Figure 79: VBE Attribute List

3. Sets

As already mentioned, Sets are groupings of like Commodities or Processes. Sets either
come predefined with TIMES (e.g., NRG-energy, MAT-material, ENV-emissions) or are
assembled by the analyst. Looking at the 00_EnergyBalance-FinalEnergybyFuel Process
tab, Figure 80, the first thing we see is that the tab is split into a Set specification area (up
top) and an item instance list below. In the Set area we can see four (4) shadings:

o white — TIMES core Set
0 grey/bold — Set is selected in the current table definition
o dark blue — user-defined Set

o light blue — user-defined Set that is based upon another user defined set (that
is nested 1-level)

Pak-IEM Final Report Volume Il — Users' Guide Page 108



Pakistan Integrated Energy Model ADB TA No. 4982-PAK
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@ UserConstraint Code | Original Description - ﬂ
® Scenario ADEELCE Agriculure Other Use, Electricity Distributed. existing :‘
= ® CommoditySet ADEELGN Mew Agriculture Tech - Other Use, Electricity Distributed
© COAL ADEHFO-E Agriculure Other Use, Heavy Oil, existing
@ ELCC ADEHFO-N New Agriculture Tech - Dther Use, Heawy Oil
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NUC AOELDO-N Mew Agriculture Tech - Other Use, Lt Diesel
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® ®RSD ATHHSDE-N Mew Agriculture Tec, Diesel <Bbhp
WTRM AWPELCE Agriculure Water pumping. Electricity Distributed, existing
AWPELCE-N MNew Agriculture Tech -Mater pumping, Eleciric - High Eff
AWPELCM MNew Agriculture Tech -'Water pumping, Electric - Standared
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(10_EnergyEalance-FinalEnergyhySector ‘ AWPHSDE-N MNew Agriculture Tach -Water pumping, Diesel - High Eff
AWPHSD-N MNew Agriculture Tech -Water purnping, Diesel - Standard
AWPLDO-E Agriculture Water pumping, Lt Diesel. existing
Unit 5] - AWPLDO-N Mew Agriculture Tech -Water pumping, Lt Diesel -
CCOFICF Cormrmearcial £ Other Gt - Snace Conline Flacticit Distibuted existinn
[~ Include Null d > N
MNew Table ‘ Aggregation ‘
Wiew Table(s) ‘ [~ Global Filter Applied For:
Ready Admin | DataBase: FIEM_VBE Tuesday, September 28, 2010 21:57

Figure 80: VBE Process Tab

Sets are constructed by two main methods. A new set can be created by means of the
Sets/New Sets command. Existing sets can also be modified (and new sets constructed
from the modified set definitions) by means of the Sets/Edit Sets command. In either case,
note that the sets form is used for both Commodity sets and Process sets, as specified in the
drop down menu in the upper left.

To establish a new set definition, first indicate if you are editing Commaodity sets or Process
sets, as specified in the drop down menu in the upper left. Then identify which existing sets
should be included or excluded. In Figure 81, the TIMES predefined set ELE was selected
for inclusion, which is the set of all power plants. The desired set — for this example — is the
set of planned new hydropower plants. Further specification to create this set is
accomplished by means of text strings, which, if contained in the process name or
description, will include (or exclude) the technology. More than one text string can be
specified, separated by a comma, if necessary to uniquely identify the subset of interest.
One can also specify sets according to input and output commodities masks of processes.
Note that these sets may be qualified by being a subset of a main TIMES set, or another
user defined set 1-level deep. Once the New Set definition is entered, clicking the Shortlist
button will populate the right side of the form with the current entities meeting the criteria.
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1] [ i |
Codeis like Code is notlike
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Figure 81: Creating a New Set in VBE

To edit an existing set, first check that the Commodity/Process group is active and then
select that set in the Set Name menu box. In Figure 82, the XRSD process set has been
selected, which is used in the 00_EnergyBalance-FinalEnergybyFuel table. The rule for the
XRSD Process set is based on the premise that all fuels feeding the Residential sector pass
through so-called sector collection processes named XRSD<fuel>.

To edit this set, the Edit set button must first be clicked. That will activate the form and allow
any of the include/exclude sets to be modified, or any of the text strings to be modified.
Clicking the Shortlist button will repopulate the right side of the form with the current entities
meeting the criteria. Once the set is properly defined hit the Update Set button and confirm
or adjust the set name. {Note that if a new name is provided the old set is still retained, and
may need to be deleted if no longer needed.}

The key to fully exploiting this powerful feature of VBE is the strict and careful adherence to
naming conventions, both in the item names and the descriptions, as laid out in detail for
Pak-IEM in the Pak-IEM Final Report: Volume | — Model Design.

Note that after returning to the VBE Table Definition form, the rule for each Set can also be
seen by simply hovering over the Set name on the top part of the Commodity/Process tab.

Pak-IEM Final Report Volume Il — Users' Guide Page 110



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

. Edit Sets - [Process] g
Frocess | OB ¥ & [Z] ¢8| BL
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< 5 < I uel Tech -\Wood (Furch.
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Qutput commodity is like Output carmmoadity is like
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SelectAll | Unselect All |
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Cancel Update | Undate Set | Close |

Figure 82: Editing an Existing Set in VBE

One extremely useful aspect of the VBE Sets is that they can be connected with VFE via the
VEDA_SnT file to allow VFE-Browse/RES/etc to use the same nested custom Set definitions
to limit selection lists. Note that the SnT file may be exchanged (carefully) between users
when new sets or tables are added by either closing VBE and simply replacing the SnT file
in the PIEM_VBE folder, or using the VBE Sets/Import/Access option by pointing to the new
VEDA_SnT and selecting the Sets/Tables you want to bring in (replacing any with the same
name in the current database).

4. Tables

Tables are the collections of relevant information that are presented as a dynamic pivot table
in the VBE Cube viewer. There are three ways to select tables for viewing:

e Interactive. This is the default mode available on opening VBE, where one table at a
time is selected and the corresponding table definition shown (what we've been
seeing till now). This mode can be selected via the View/Execution Mode menu.

e Batch. In this mode, all tables are shown and any number can be checked for
presentation as cubes. This mode is also selected via the View/Execution Mode
menu.

e Table Master. Allows the Analyst to group tables into folders and view all or only
selected tables in the folder in the cube view. The Table Master can be selected from
the Table/Table Master menu command as shown in Figure 83. The folders defined
via Table Master can also be used to modify the list of tables that are viewed in
Interactive or Batch modes. This feature of the Table Master is activated by clicking
on the Table Definition bar above the table selection window, as shown in Figure 84.
By selecting one (or more) of the folders available in Table Master, the Interactive
and Batch lists will be limited to just those tables. Note that the table list will be
shaded yellow when other than the All Tables root folder is selected.
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Figure 83: VBE Table Master
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Figure 84: Selecting Specific Folders from VBE Table Master
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5. Cube View and Manipulation

Tables are the collections of relevant information that are presented as a dynamic pivot table
in the VBE Cube viewer. Besides simply displaying the entities that have been included in
the table definition, either individually or by means of Sets, the real heart and power of VBE
comes from combining the Set selection criteria with the flexible table specification to
present tables in dynamic data Cubes.

Cubes are multi-dimensioned pivot tables that enable the analyst to scope in/out of the data
to digest what's happening in the model runs. The key features of the Cubes are:

Drag/drop of dimensions on/off of the cube (with associated dynamic aggregation of
any removed index). In Figure 85, the Process set dimension has been dragged into
the initial display of the 00_EnerygBalance-FinalEnergybySector table (top view) to
give the new view shown below.

Repositioning of the row indexes (e.g., drag Scenario to the right to see how each
component changes across multiple scenarios).

Pull-down list associated with any index elements that can be use to remove
(temporarily) any element of the list. (Note that control click will unselect/select all
elements.)

Easy requesting of totals, descriptions, and hiding of details via a context sensitive
right-mouse menu.

Unit conversion through the Active Unit menu above the cube.

Selective (and wholesale) copying to Excel.
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Total g76.60) 936.03| 1,136.37| 1,396.20| 1,639.94| 2,029.23| 2557.65| 3.515.28
=Residential |[Electicity (Grid-based)| 11806] 12185 145.83] 151.19] 16340 17751 20080 23323
MNatural Gas 239.29) 22757 26779 296.20) 30654 33074 32408 311.89
0il & Products 24.24 36.90 41.39 50.59 7159 7244 95.29) 139.88 -
« e o - 3
Global Filter Applied For: Scenario - B-Ref_0621-03g-2
(789 Records) Ready

Figure 85: Example of VBE Dynamic Cube Change

In addition to the facilities just mentioned, tables, or selected (highlighted) areas of tables
can be quickly graphed by clicking the button, as shown in Figure 86. However, a much
more robust and quality graphing facility can be realized by linking the VBE cubes with the
Pak-IEM Analytics workbook, where a set of most often needed graphs have been pre-
established and can be refreshed by scenario dynamically by means of the Update Excel
facility discussed below and in Addendum A.
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[ B-Ref_0621-03g-2-Renewables (All)

Figure 86: Quick Chart Option for VBE Tables

6. Units Management

One of the more critical needs when communicating model results with policy-makers is
getting results into appropriate units. While this seems obvious it can also be quite annoying.
However, VBE does a full-featured job of supporting unit conversion by means of:

The Tools/Units facility where the individual units are named and their conversion
factors for other compatible units provided (see Figure 87).

Specifying the model units associated with the attribute comprising each table in the
Unit specification pull-down near the bottom of the Table Definition view (See Figure
80). These original units will be saved as part of the table definition [Note that care
needs to be taken when Attributes are mixed in a single table as they may be in
different units. This is the analyst's responsibility and no Unit should be provided for
such a table.]

The unit in the cube view for any table can be switched via the Active Units menu
above the cube. If the table is saved from this cube view, it will be saved with the
Active units so that when displayed in the future the Active units will be used. [Note
that VBE displays the original units in the table definition as a reminder, converting
on the fly when assembling the cube.]

In addition to Create/Edit/Delete Units, the Tools/Units facility also allows the set of
Units for the model to be exported and imported, which allows sharing of updated
sets of Units between Analysts.
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Figure 87: VBE Unit Conversion Definition Window

7. VBE Update Excel Facility

VBE has a powerful facility that allows the Table data to be exported to an Excel workbook,
where the analyst can set up manipulations and graphs that further facilitate the
understanding and communicating of model results. Details with respect to the Pak-IEM
Analytics workbook, which uses the tables in the Table Master folder labeled Analysis
Tables to populate a series of VEDA_Dump tables and a set of associated comparison
graphing sheets, may be found in Section IV.D and Addendum A.

The basic premises/procedures behind VBE Update Excel facility are:
e Tables with appropriate units are defined

e The tables to be exported are laid out in their desired orientation and formatted
appropriately

e Tables are exported to an Excel workbook with properly formatted destination tables
e All desired graphs and repeated operations are created in the workbook
e The VBE scenario global filter is set to those scenarios to be updated

The command Tools/Update Excel file is invoked to update any/all of the tables in the
destination workbook, and the sub-menu will allow All Tables or Selected Tables to be
chosen. In either case, VBE will open a navigation window to allow the analyst to navigate to
and select the Excel file for updating. This file must be closed for the Update Excel
operation to proceed properly. If All Tables was selected, VBE will begin the update once
the Excel file is opened in the navigation window. If Selected Tables was selected, a Table
Selection window will open as shown in Figure 88. Check the tables to be updated and click
OK to start the update process.
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00_Emissions by Sector
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00_EnergyBalance-FinalEnergybySectar
00_Impors-Domzupply
00_Power Plants Generation by Fuel Group
00_Fower Flants MewCapacity
00_Refineries Outputs
00_Supply
01 _AGR Fuels v

Select All Lnzselect All

8]4

Figure 88: VBE Update Excel File Table Selection Window

Critical to the Update Excel facility is the need for the saved tables to have their names,
units, and layouts correspond exactly to the names, units, and layouts of the tables in the
target Excel workbook. This is why tables are highlighted in red by VBE once used to by
the Update Excel facility. It is also necessary to make sure that any Global Filter for
Scenarios matches the scenarios found in the Excel workbook, otherwise the Update
Excel facility will delete the values associated with any scenarios in the workbook but not
selected by the Global Filter during the update process.

During the Update Excel operation, VBE will be interacting with Excel, and in order to
avoid conflicts with the VBE operation, the analyst should not open or process other
Excel files while VBE is running the Update Excel operation.

After completion of the Update Excel operation, the analyst can open the Excel
workbook to view the update results, as shown in Figure 89. When the Update Excel
operation is successful the cells updated in the workbook (all on the VEDA_Dump
sheets) are shaded yellow. Any rows in the workbook not found by VBE will be tagged
red, and any VBE table entries not found in the workbook will be written to a log, along
with any table layout issues. VBE will prompt the analyst to view these log files, which
should be reviewed to ensure that all tagged discrepancies are understood.

Again, see Section D below and Addendum A for a full discussion of the PIEM Analytics
workbook and its operation.
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Figure 89: Update Excel Workbook

8. Other Useful VBE Features

yVidd 9 o ¥ PIEM_AnalyticsWorkbook_v13 [Compatibility Mode] - Microsoft Excel gl o i
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There are several other useful VBE feature discussed briefly here, but the user is
encouraged to carefully review the VedaSupport website documentation and join the VEDA
Forum.

8.1. Search Engine

When looking to “zero in” on a particular model component, or group of items, the [F3/ #]
Search Engine can be used. It allows for a name/description filter to be provided to facilitate
identification of the target items, and their subsequent selection. The Search Engine can be
used where the binoculars are seen, most notably each tab item list and the Set section of
the Commodity/Process tab as well as the Include/Exclude windows on the Set specification
form. Figure 90 shows a search window where the planned new power plants are singled out
for selection.
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Figure 90: VBE Search Process Window

8.2. RES Diagrams and Data

Another useful facility supported by VBE is the presentation of model results on the
RES network diagram. The RES diagram facility is accessed using the
View/Reference Energy System [F8] menu command. In order for VBE to display
data on the RES it needs to be either qualified down to the granular level, or summed
across dimensions. In Figure 91 we can see the power plants linked by their fuel type
that produce central station power, showing the electricity generation from each plant
in 2015 along with the total fed to the grid. Note that when individual technologies are
selected both the flows and all the results data specifically associated with that
technology are shown in the window below the RES. One can cascade through the
RES by simply clicking on any of the labels, including hitting the "+" when additional
flows are hidden from view.
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Figure 91: VBE RES Diagram and Data

8.3. RES Component Expansion (EXRES)

An alternative and perhaps less intuitive although more informative way to cascade through
the RES to examine model results is via the EXRES (EXpand RES) facility. From the
Commodities/Process tabs, or the associated column in any table, via the right-mouse the
expansion of the RES from said component can be requested and is presented as a data
cube. Clicking again from say a commodity view on a technology will bring that into focus,

thus enabling cascading through the RES data.

The view presented by EXRES can either encompass all the data associated with each

component, or just the flows in/out of the processes is controlled by toggling %/ &8, for
RES-only/details. In Figure 92, the flow out of the power plants and total into the grids can

be seen.
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Figure 92: EXRES Data Table from VBE

8.4. Coloring the Cube Display

To assist with viewing of data in VBE, the cube display can be customized via the ®
pull-down list and coloring window. Above the Back color for the cube data areas is yellow
with the Fore color (text) black, the Field Back/Fore colors are black and white, the Header
Back/Fore colors are grey and black, and the Total Back/Fore colors are white and blue. So
be creative and enjoy, but remember you're going to have to look at them a lot.

8.5. Setting the Export Folder and Layout

VBE will export tables to Excel as "what-you-see-is-what-you-get” layouts. Using the
Tools/Options menu command, the Export Options tab, shown in Figure 93 (with
recommended options set), the user should establish the folder to which these operations
take place, with \VEDA\WVEDA_ BE\Exports suggested. As part of using the Analytics
workbook, in conjunction with Update Excel, we also suggest setting the Export Location to
Same Sheet Horizontally. You'll also see on this tab options related to Batch Mode
processing operation where you can View the cubes and at the same time automatically
export as well. Finally you can also decide whether to see the exported file at the end of a
VBE operation. [Note, it is necessary to NOT have spaces in the folder name to use this
feature.]
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Figure 93: VBE Excel Export Options

8.6. Saving Cubes

The data cubes are the essence of VBE. Each time a table is requested the Cube is
dynamically reassembled, almost. If on the Tools/Option/General tab the Save Cube Files is
checked, then for each request the resulting cube is written to the Cube Files folder and is
available for instant recall — if when the table is requested again there were not changes in
circumstances (e.g., same scenarios, sets not changed).

C. Pak-IEM Sets and Tables

As already discussed the VBE Sets and Tables customize the system for a particular model
and serve as the core of the analysis support system for that model. While the philosophy
and basic operation of VBE were discussed in the previous section, the specific Sets and
Tables currently assembled for Pak-IEM are described here.

1. Pak-IEM Sets

The Pak-IEM Sets can be seen in the Export request below for Commodities (Figure 94) and
Processes (Figure 95).
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Code Description

BIO Biomass

COAL COAL

DEM_AGR  |Agriculture
DEM_COM | Commercial
DEM_IND Inclustry
DEM_RSD  |Residential
DEM_RSDR |Rural

DEM_RSDU |Urban

DEM_TRM |Transport

ELCC Electricity (Grid-based)
ELCR Electricity (Femote)
EMY_COZ coz

EMNY_NOA  [NOX

EMNY_S02 S02

GASASS Associated Gas
HvDRO Hydroelectic

N GA, MNatural Gas

MG MNuclear

OIL Oil & Products
RNy Renewahles

Ry ALL Fenewables (A
RMWHNOHYD | Renewables (excl. hydro)
SFUELAGR  |Agriculture Fuels
SFUELCOM | Commercial
SFUELIND  |Industry
SFUELRSD |Residential
SFUELTRN |Transport

Figure 94: PAK-IEM Commodity Sets
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Code Description Code Description
AGR_OTHER Other FF_HYDRO Hydro Plants
AGR_TRACTOR Tractors PP_HYDRO(NEW) PP_HYDRO(NEW)
AGR_WATER ‘Water pumping PP_HYDROPN) Planned new Hydro
COM_COOL Cooling PP_NUCLE MNuclear Power Plants
COM_ELCAPF Elec sppliances PP_OIL Qil-fired Power Plants
COM_HEAT Heating PP_RENEW(MNOHYDRO) Renewables (non-Hydro)
COM_LIGHT Lighting PF_RENTAL Rer?tal F‘DWEr’
COM_OTHER Other REF Refineries
COM_FEFRIG Fefrigeration R3D_ACCODLING AC Cooling
COM_WATHEAT \Water heating RSD_COOKING Cogking
COMFUEL Commercial Fusls RSD_COOLING Mon-AC Cooling
DD-AGR Agriculure AED_HEATING Healing
DMO-COM Commarcial RSO_LIGHTING Lighting
DMOAND Indust RED_MISCELC hisc electricity
DMD-RSD Reswdgnnal EEE—EEHER S{:::;ential Cooling
DMVELC T RSD REFFIG Regecion
; _| esidential Heating
e Cimmy g e
ural AC coalin
EEE\?VC\J: S\?i:'dp;;"j;f'ams RSOR_COOKING Fural Cooking :
- - RSOR_COOLING Rural Mon-AC cooling
EX_TRN Existing transport technologies REDR_HEATING Rural Space hedting
GASPIP GASPIP RSDA_LIGHTING Fural Lighting
GRIDS Electricity Grids RSDR._MISCELC Fural Misc electricity
P Imparts REDR_OTHER Fural Qther
IMP_INFR Large Import Infrastructure Tech RSOR_REFRIG Rural Refrigeration
IND_BRICK Brick processes RSDR_WATERHEAT Fural Water heating
IND_CEMEMT Cement processes RSDU_ACCOOLING Urban AC Cooling
IND_FERTILIZER Ferilizer processes RSDU_COOKING Urhan Cooking
IND_IROM 183 procasses RSOU_COOLING Urban Non-AC cooling
IND_OTHER Other ind processes REDU_HEATING Urban Spare heating
IND_SUGAR Sugar processes RSDU_LIGHTING Urban Lighting
IND_TEXTILE Textile pracesses RSDU_MISCELC Urban Misc electricity
MM Domestic Supply RSDU_OTHER Utban Other
MEW_TRM Mesw transport technologies RSDU_REFRIG Urban Reftigeration
PF__MTY Catch all for missed PPs REDU_WATERHEAT Utban Water heating
PP_COAL Coalfired Power Plants SUPPLY-EXP All energy supply
PE_DUAL Dualfired Power Planis Taw 2wheelers
FPP_GAS Gas-fired Power Plants T Jwheelers
TBUSES Buses
TCARS Cars
THERRAL PLANT THERRAL PLANT
TOTHER Cther (¥ans, Minivans, Trucks)
TRD_ENDC Trade
TTAX Taxi
HAGR Agriculture
HCOM Commetcial
*ELC Power Sector Fuel Consumption
HGAS MNatural Gas
XIND Industry
*RSD Residential
HTRN Transport

Figure 95: PAK-IEM Process Sets

Note that the rule corresponding to each Set definition can be seen by simply hovering the
cursor over the set name on the Commodity/Process tab. In addition, the use of a particular
Set in Tables can be seen by placing the cursor over the Set on the Commodity/Process tab
and using the Used in Tables right-mouse request, VBE will display a message as shown in
Figure 96 for PP_COAL.

is used in the following tables:

00_Emissions by PP Type
00_Power Plants Capacity

00_Power Plants Generation by Fuel Group

00_Power Plants NewCapacity
CL_Power Plants Fuel Use and Generation
Stony - Power Plants

Figure 96: Tables in which Set PP_COAL is Used
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For a full understanding of the individual Pak-IEM Sets the analysis should examine each of
the rules, and each of the tables in which the Set is used.

2. Pak-IEM Tables

As is discussed in Sections V.C.2.a, b and c, Pak-IEM tables have been prepared to
facilitate calibration, Reference scenario assessment, and multi-case comparison, and they
have been grouped along these lines into Master Table folders. Almost all the tables are
rather straightforward, once they have been built and tested. While each of the groups are
briefly described below, the best way for the analyst to become familiar with the Pak-IEM
various tables is to open each of them in VBE and review their content and structure.

2.1. Calibration Tables

The tables beginning with “CL_" are the tables used in the PaklIEM_EnergyBalance-
2007(Calibration) workbook. The current list is shown in Figure 97. These are tables that
contain only the first year model results and are prepared in energy balance format (rows are
sectors, columns are fuels) to facilitate comparison with the 2007 Energy Yearbook data,
including checking on the production and consumption of each fuel, and the generation mix.

W Table Master g@@|

a5 = | o [P ) % i E

—1 All Tahles Tahle Name | Tahle Description | Date & Time |
I _YUPIEM Analytics'iar CJEcL_AssGa.. CL_AssGas-Production 3/27/2010 2:5573...
— fnclyeis Tables O=cL_Electic... Electicity Consumption by timeslice  3/27/2010 3:02:2...
1 Reference Tables DCL_Energy... EnergyBalance-Consumption 6/972010 4:56:39...
_1 Standard Tahles DCL_Energy... EnergyBalance-Froduction B/10/2010 12:52:...

DCL_PDwer... Fower Plants Consumption 32720103183

DCL_PDwer ... Power Plants Fuel Use and Generation  6/11,/2010 9:33:1..

Figure 97: Pak-IEM Calibration Tables

2.2. Reference Scenario Tables

These tables, which are shown in Figure 98, focus in on resource supply, refinery output,
new power plant installations, power plant generation by fuel, and final energy consumption
by fuel and sector. They are useful in characterizing the Reference scenario.
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W Table Master g@@|

a5 e = B A
1 All Tables Table Name | Table Description | Date & Time |

— _VUPIEM_Analyticevor =00 Energy.. 00_EnergyBalance-FinalEnergybyFuel 1/13/2010 336:1...
j g;ﬁg;?;ab'es OE00_power.. 00_Pawer Plants Generation by Fuel .. 1/7/2010 8:21:19...
Bl Ficference Tables DUU_PDwer ... 00_Power Flants New Installations 3201010:34...
_1 Standard Tahles DDD_Refineri... N0_Refineries Outputs IEMoIAT0.L.

DDD_Supply Supply 372642010 8:23:4...

D Electricity t..  Electricity to Demand Sectors 322010 3195

Figure 98: Pak-IEM Reference Scenario Tables

2.3. Analytics Workbook Tables

Figure 99 lists all the tables currently used in the Pak-IEM Analytics workbook. These tables
all begin with ##_ (except for _SysCost) and correspond to the tables that appear on the
VEDA_Dump sheets in the PIEM_AnalyticsWorkbook_v## workbook. These tables are
automatically updated via the VBE Update Excel facility, as discussed in the next section.
They are organized into the following general groups:

e SysCost — Total discounted energy system cost (the objective function), and the
aggregate annual costs by sector

e 00_ — Aggregate splits of components of the energy system by fuel group or sector,
for example resource supply and imports, new power plant builds/installed
capacity/generation, final energy consumption, and emissions

e 01_- Contain demand sector details of energy consumption and technology choice
by subsector

e 02 - Further break downs of the residential sector into urban and rural

Pak-IEM Final Report Volume Il — Users' Guide Page 126



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

W Table Master D@g|

A% e = 9 @E DA L
1 All Tables Table Name | Tahls Description | Date & Tims |
1 _VUPIEM_Analticsitor & syscost  Total Discounted System Cost 74142010 8:04:11 ..
L QDD_AII Cost.. All Costs (by all Sectars) 201085504,
1 Calibration T o
:l_DD_Em|SS|0... 00_Emissions by PP Type 12/2/2009 4115

_1 Reference Tables

1 Standard Tables :IDD_EmiSSiD... Emissions by Sectar 422010 12:48:3.

:IDD_Energy... 00_EnergyvBalance-FinalEnergybyFuel  1/13/2010 3:36:1...
:IDD_Energy... 00_EnergyBalance-FinalEnergyby3Se..  1/13/2010 3:56:3...
:IDD_Imports—... Total imports and domestic supply 1/8/20105:358:44...
:[UD_Power... 00_Paower Flants Capacity 4419/2010 3:33:2..
:IDD_Power ... 00_Power Plants Generation by Fuel .. 1772010 3:21:19...

:IDD_Power... 00_FPower Plants Mew Installations 3200 10:34:
:IDD_Refineri... 00_Refineries Outputs 37 2mo11:41:0..
:IDD_SuppIy Supply 3/26/20108:23:4..
:ID‘I_AGR Fu... 01_AGR Fuels 12/30/20091:49....
; 01_AGR Su.. 01_AGR Subsectors 1/8/20109:37:60...
QD‘I_COM Fu.. 01_COM Fuels 12/30/2009 1:42:...
DD‘I_COM 5. 01_COM Subsectors 1243072009 4:12:...
DD‘I_IND Fu.. 01_INDfuels 12/30/20091:41:...
DD'I_IND Su.. 01_IND Subsectors 4A5/2010 3:23:2..
DD‘I_RSD Fu.. 01_RED Fuels 12/30/20091:34....
DD‘I_RSD Su.. 01_RED Subsectors 1/8/20106:20:49...
DD'I_RSDR... 01_RSDR Fuels 111272010 8:39:3...
DD‘I_RSDR... 01_REDR Subsectars 11272010 §:47:4...
DD‘I_RSDU .. 01_R5DU Fuels 111272010 8:38:.0..
DD‘I_RSDU .. 01_RSDU Subsectors 11272010 8:38:4...
DD‘I_TRN Ex.. 01_TRN ExMNew Techs 12/30/200910:2...

O=01_TRN Fu... TRN Fuels
DD‘I_TRN F.. 01_TRN Road Transport
DDE_RSD F... 02_RSD Rural-Urban Demands

1243042009 1:35:...
12/30/2009 1:146:...
1/10/2010 4:04:3...

Figure 99: Pak-IEM Analytics Workbook Tables

REMEMBER, the layouts of all the tables used in VBE Update Excel operations are
NOT to be changed. Although they may be adjusted while viewing the cubes, the
analyst should always exit without saving [Exit (No Save)].

D. Pak-IEM Analytics Workbook

The PIEM_AnalyticsWorkbook is a flexible though sophisticated Excel workbook tightly tied
to the VBE Update Excel facility discussed in Section IV.B, which permits model run results
to be “automatically” updated in the workbook where multiple-case (up to 4 at a time)
comparison graphs are automatically refreshed and ready for examining.

Various Visual Basic right-mouse options are available on different sheets to facilitate the
management of the Analytics Workbook. The details on how to operate the Workbook to
both update with VBE and manipulate the graphs sheets are outlined here and elaborated
further in Addendum A.

1. Types of Sheets

The Analytics workbook contains four types of worksheets, each discussed in the following
sections.
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1.1. Index Sheet

Shown in Figure 100, this sheet lists all the tables in the Workbook, includes a hyperlink to
the corresponding worksheet, and provides a short description for each of the sheets. This
sheet is maintained manually whenever a new table is added.

[ 4 A

1 | Analytics VBA v0.00

2
3 VEDA_BE Table Name
4 _SysCost

5  00_All Costs (by all Sectors)
6 | 00_Emissions by PP Type

7 | 00_EnergyBalance-FinalEnergybyFuel
8 | 00_EnergyBalance-Fi
9 | 00_EnergyBalance-
00_Imports-DomSupply

00_Power Plants Generation by Fuel Group
00_Power Plants NewCapacity
00_Refineries Outputs

00_Supply

01_AGR Fuels

01_AGR Subsectors

01_COM Fuels

01_COM Subsectors

01_IND Fuels

01_IND Subsectors
01_RSD Fuels
01_RSD Subsectors
01_RSDR Fuels
01_RSDR Subsectors
01_RSDU Fuels
01_RSDU Subsectors

01_TRN ExNew Techs
O1_TRN Fuels
01_TRN Road Transport

4 4 » M| Index - VEDA_Dump_SUP

VEDA_Dump_|

List of Analysis Tables

Tab Name & Hyperlink
Scenarios

All Costs{by Sector)
Emission PP (by Type

EB FinalEnergy (by Fuel
EB Final Energy (by Sector]
Energy Intensi

Imports Supply

Power Generation (by Fuel
Power Sector Investment
Refinery Output

EB Supply

AGR Fuels

AGR Sectors

COM Fuels

COM Sectors

IND Fuels

IND Sectars
RSD Fuels
RSD Sectors
RSDR Fuels
RSDR Sectors
RSDU Fuels
RSDU Sectors

TRN TechGrps
TRN Fuels

TRN RoadVehicles
ELC VEDA_Dump_DMD

Description

Total discounted system cost (TIMES Objective Function)

Costs corresponding to different sectors of the energy system

Emissions from different types of power plants

Final energy consumed by fuel

Final energy consumed in each of the sectors

Energy intensity of the system in various scenarios

Share of imported energy relative to the total energy consumed

Power plant output by fuel type

New capacity added in each time period by generation type

Breakdown of refinery output by fuel type

Primary energy supply by fuel source

Fuel mix consumed in the agriculture sector

Energy consumed by different agricultural subsectors

Fuel mix consumed in the commercial sector

Energy consumed by different commercial subsectors

Fuel mix consumed in the industrial sector

Energy consumed in different industrial processes. This does not include the
energy generated from the CHP and ther auto generation plants.

Fuel mix consumed in the residential sector

Energy consumed by different residential subsectors

Fuel mix consumed in the rural residential sector

Energy consumed by different residential subsectors in rural households
Fuel mix consumed in the urban residential sector

Energy consumed by different residential subsectors in urban households
Contribution of new and old transportation technologies in meeting the total
demand

Fuel mix consumed by road transport vehicles

Energy consumed by different types of road transport vehicles

Scenarios EB_Supply Refinery Output Power Sector Investment

Figure 100: Pak-IEM Analytics Workbook — Index Sheet

1.2. VEDA_DUMP_<***> Sheets

As shown in Figure 101, these sheets contain the raw VBE exported cube tables that are
updated by the Update Excel facility. These sheets only need to be reviewed if questions
arise in the Update Excel logs, or if a new table is to be added.

VEDA_Dump Sheet

sup
sup
ELC
Sup
SupP
sup
sup
ELC
ELC
SupP
SupP
DMD
DMD
DMD
DMD
DMD

DMD
DMD
DMD
DMD
DMD
DMD
DMD

DMD
DMD
DMD

Power Generd |

Fa B £ ] E F G H 1 N (3 L M N o ] a R 5 T u
1

2 VEDA-BE Update XLS Dump Tables - Power

3

4

5 Table Name: 00_Pdwer Flants Generation by Fuel Group Table Name: 00_Power Plants NewCaparity

6 | Active Unit: PJ Blok # 1 Active Unit: GW Bk & ]

7 Scenano ProcessSetDesc\Per 2007 2000 014 am7 2020 2023 2026 2030 Scenario ProcessSetDesc\Period 2000 2004 oy 2020 2003 2026 F
8 | B-Ret 070501 . 0490042 0490093 0490093 0490090 16.66651 63.66885 GA.70802 2791518  G-Ref 070501 Coal-fired Power Plants [ d § 0.603472 1753452 0.05705

El BeRef_0705-00 0L28TI65 d q d qd d qd d  B-mel omso1 Diesel generators

10 BeRef_0705-01 Dual-fired Power Pl 100.3616 100.3616 $5.10314 94.32834 S4.37834 9432834 6642412 242856 BeRef 070501 Dual-fired Power Plants o a 0 o a

11 BMel 0705-01  Gasefired Power Pla 4623277 6813148 7489262 9193625 BT.THO26 22184 220 221%  BeRel 070501 Gas-fired Power Plants 056 ) d d )

12 B-Ref_0705-01 Hydro Plants 1146008 4258924 1113587 128.97TE 1624624 1955993 2245245 206799 B-Ref_0703-01 Hydro Plants 1485 15 15 15 2

13 B-Ref 0705-01 Nuclear Power Plan 8207526 8281511 16.79392 16.79292 16.79392 8341578 179.7064 287.7691 BeRef 070501 Nuclear Power Plants 0325 § 273 7 7 16

14| BMei 0705-01  Oil-fired Power Plar 617076 8837917 6885576 617076 617076 568656 428652 G.ISB1EY BeRef_0705-01 Oil-fired Power Plants 2019 d () d )

15 B-Ref_0205-01 Aencwables (non-H QUO00735 0.001646 0L000SST 14.06264 2126377 22.99611 24.69098 27.23552 B-Ref_0705-01 Renewables (non-Hydra) d oeres 003 020789 00646128 0.100581 o
16 B-Ret_0705-01 Total an w 306.5347 :171 d912 405.2056 452, :m;' SJMS?‘S m 6132 91: 52 U-Alef_0705-01 Total _ 4.681  2.81284  3.87733 4.911362  G.01607 575763l 10.

B-Refsi_0705-01
18| B-RefSP_0705-01
13 B-RefSP_0705-00
20 BRefS_0705-01
21 B-RefSP_0705-01
22| pRefsP_0705-00
33| R-RefSP_0705-01
o B-RefSP_0705-00
F1] B-Refsi_0705-01
36| P_DL_0705-v01

nlnublinraramm
Dual-fired Power P m 16 100.
Gas-fired Power P
Hydro Plants 114, e«m
Nuelear Power Plan|_8.207526] 8,281511] 16,7922

Oil-fired Power Plar

3616|

Coal-fired Power Bl

0.290042

27 P_DLOTOSwD1  Diesel generators 0487365 g d
28 P_DL_05as-vin Dual-fired Power PL 100.3616 10003616 59.10314
29| P_DLOTSVOL  Gas-fired PowerPla 46.23277 66.13148 75.7049
£ P_DL_0T0s-vil Hydro Plants 1146008 9771251 1052681
31 B_DL_0705-wil Nuclear Power Flan 8207526 8.381511 16.793%52
32| P_DLOMSVIL  Oil-fired Power Plar L7076 887917 68.85576
33 P_DL_05as-vin Aencwables (non-H QUO00735 0.001646 0LO0OSST
H P_DA_0705-v01 Total 3320884 363358 366.2414
5 P_DM_0705-v01 Coal-fired Power Pl 0290042 0490093 0.490093
36 P DM 0705401  Diesel generators  (LARTIES d d
37| P_DM_OT0S01  Dual-fired Power Pl 100.3616 1003615 9910014
E] P_DM_0705-v01 Gas-fired Power Pla 46.23277 68.13148 78.35883

m 11 35.52 m.e 1&1
SI NDE 568656
1 19515&5 zuom

624) ws.s:m

| 73.23756] 169.0282] 277.590e]

43.8657] 14.44435]

B-RefsP_0705-01
B-Ref$p_0705-01
B-RefSP_0705-01

Coal-fired Power Plants
Diesal genarators

4?.95!5‘ Dual-fired Power Plants

B-RefSP_0705-01
B-RefSP_0705-01

Gas-fired Power Plants

266.?9‘)3 Hydro Plants

B-RefSP OMS-01  Muclear Power Plants

B-Ref$p_0705-01
B-RefSP_0705-01
B-RefSe_D705.01

Oil-firad Power Flants
!? 23552 Renewables (non-Hydro)

Total

0430093 4905502 65.04623 ﬂ 55612 711.1DI7 P_De_ 0705wl Coal-fired Power Plants
P_DLOTOSD1  Diesel generators
B4.32804 S4.32E24 94.32804 66412 3251502 P_De_0705-vil Dual-fired Power Plants 3578
B7.89519 JA7ISS9 22094 22194 25397 P DL OOSvOL  Gas-fired Power Plants 194 036 L) d d L)
121.4TE 1562565 1873934 2163186 2585939 P_De_070S-vO1 Hydro Plants o081 1.386 15 15 15 2
16.79292 1679392 1679193 S0.74d2 1993051 B_De 0705wl Nuclear Power Blants 0.325 g & 153047 3 EX
BLTOTE  BLTOTE 428657 9421062  P_DL_OTO5-vOL Oil-tired Pewer Plants 2019 g g d )
14.06264 126377 2299611 2465098 27.15507 P_De_0705-vil Renewables (non-Hydra) d oeres 003 010789 0.064618 0.100581 c
96,7547 40697 465.6165 5277915 TELE4 P_DL_0705-v01 Total 4339 269984 153 5351598 4.850687 5700581 13.61
0480093 B2ISE1Y 6235519 GLEEE] 2623282 P DM 0TS0l Coulfired Power Plants d g § 2308029 [} q
F i 7 & 6 DM O7MSa0L  Diessl generators
0332604 9432824 432024 E642412 426815 P_DM_OT0S01  Dusl-fired Power Plants a
9111965 3472559 22184 22194 3596193 P DM 0TS0l Gasfired Power Plants 1914 054 [ d ) [

Figure 101: Pak-IEM Analytics Workbook — VEDA_Dump Sheet
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1.3. Scenarios Sheet

As shown in Figure 102, this sheet contains the list and brief descriptions of all the scenarios
included in the workbook, along with the system cost for each individual scenario. In
addition, this sheet is where the analyst can select 4 particular scenarios (out of the total list)
for display in the Graphing sheets.

P A B C 1] E F G H 1 ] K L M N o
1 Scenario Objective Function Graph Data Table

2 Scenario Look-up Table Units MS07

3

Noupd Graph

4 s Seenario Graph Description Scenarios Scenario [ Change

5 B-Ref_0705-01 Reference 1 B-Ref_0705-01 H1295743.6 000% Enter Base scenarlo for cost comparlson

[ "B RetSP_0T05-01 Reference (Sector Prices) B-ReISP_0705-01 1410523.4 0.05% B-Red_0705-01

7 P_DL_0705-v01 Lower Demand 2 P_DL_0705-v01 181758110.4 -13.98%

8 P_DM_U705-v01 Medium Demand P_UM_0705-v01 1972272508 bbb Desired Scenario Label on Graphs ™,

] P_OR-C1 0705401 Annual CO2 Cap P_DR-C1_0705-w01 14336771 0.07% enario Descriplii ¥

0 P_DR-CC_UPS-WO1  Cumulative CO2 Cap P_UR-CC_UD705-v01 218323519.4 333% scenario Code

11 P_DR-EE_O705-wil Energy Efficiency P_DR-EE_0705-w01 114654402 0.08%

12 P_DR-HD_O705-v0L  Hydro Delay P_DRi-HD_0705-v01 211419762.5 0.06% roalavadi:
13 P_DR-NF_UM5v01  Forced Annual Nuclear Builds P_DR-NF_0705-v01 11913650.8 0.06% i:l’m'}:m the
1 P_DR.PH_OTO5w01  Higher Encrgy Prices P_DR-PH_0705 w1 211468563 0.08% s
15 P_DR-PL_D705-v01 Lower Energy Prices P_DR-PL_O705-viL 2113897611 0.04%

16 P_DR-AD 0705w Reduced Impaorts 3 P_DR-RD_0705-w{ 14122688 0.06%

17 P_DR-AR_0705-v01  Renewable Electricity P_DR-RR_0705-vi1 11412268.9 0.06%

18 P_DR-TD_U70S-v01  NoThar P_DR-TD_UD705-vi1 211919055.9 0.06%

19 P_DR-TD-HD_0705-v01 No Thar + Hydro Delay 4 P_DR-TO-HD_0705-v01 211423566.9 0.06%

20 0

21 0

22

3

24 -

= Total Discounted System Cost . .

= 215000000 o . Change in Total Discounted System Cost
27 210000000 |

28 HSOUOG 0.00%

E 00000000 aogw | ERel 070501 [ 01 P_DR-AD_O705+D1 P_DA-TD-HD_0705401
ol 195000000

2 o m— el

32 H

1 1BS0U0000 €008 |

3 1B0000000 8.00%

35 175000000 - .

~10.00%

36 170000000

< 165000000 - -laowe

;: B-Aef_0705-01 P_0OL_0705401 P_DA-AD_O070501 P_OA-TO-HO_0705-v01 14.00%

Figure 102: Pak-IEM Analytics Workbook — Scenario Sheet

1.4. Graphing Sheets

As shown in Figure 103, these sheets are where the results comparison tables and graphs
(first scenario details, 4-case comparison, and 3-case difference from first) are managed
directly. [Note that on the Graph sheets in the comparison data area, the graphed scenario
data is reported and a CheckSum done to ensure that the Total in the VEDA_Dump table
matches what has been assembled in the graph data area.]
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Figure 103: Pak-IEM Analytics Workbook — Index Sheet

The functionality and core operations most often performed to manage the Workbook are
introduced below, and elaborated further in Addendum A.

2. Managing Scenarios

It is essential to synchronize the names of the Scenarios currently active in the Workbook
with those current “seen” by VBE. This is mainly accomplished using the Rename, Add, and
Delete scenario right-mouse option, from the cell in Column-B that has the scenario name,
to perform the desired operation. These operations result in all the VEDA_Dump and Graph
sheet tables to be updated appropriately.

3. VBE Update Excel Functions and Logs

Update Excel is a very demanding task that can take quite a bit of time. In addition, the
current Update Excel function deletes any data not specified in VBE for the update. This
combination of functionality has resulted in additional facilities being added to the Analytics
workbook to allow only selected scenarios (those which have been rerun in VFE) to be
processed by the Update Excel facility so that existing information is not lost and the update
operation performs more quickly.

The process is managed by placing a “*” in Column-A next to all Scenarios that DO NOT
NEED TO BE UPDATED at this time (right-mouse “All/Remove *’ can be handy), and via the
right-mouse from [A4] requesting “Prepare for Update.” [Below only the Low/Medium
demand scenario will be updated.] This both comments out all the “*” Scenarios on all
VEDA_Dump sheets (so that VBE Update Excel does not “see” them) and sets the Excel
Options\Formulas — Manual to speed the actual update operation. [Excel Options\Formulas
— Manual should be done manually if not using the Prepare option.]

The various options available on the Scenario sheet for managing the Workbook current
Update Excel and Graph scenarios are shown via the right-mouse and described in more
detail in Addendum A.
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Once the desired scenarios are set up in the Workbook the Update Excel process can
proceed by indicating whether All or Selected tables are to be updated (and if the latter later
which ones) and identifying the PIEM_AnalyticsWorkbook to be updated {make sure it is
closed, and don’t open a new Excel workbook during the Update Excel operation.} While
VBE is performing the Update Excel the various tables being constructed and updated are
echoed at the bottom of the form.

At the end of the Update Excel procedure VBE will let you know if any tables or cells were
not aligned between VBE and its cube layout/Global filter settings and what is active in the
Workbook. One log reports on any cells not updated (which are shaded red on the
VEDA_Dump sheets) or missing (e.g., if the Global Filter includes a Scenario that is not
found (or seen) in the Workbook). The Analysts should regularly check these Logs to ensure
that the Update Excel performs as expected. The Update log, shown in Figure 104,
indicates that on each sheet most tables were updated without a problem, except for
00_Power Plants NewCapacity which has a row for Diesel plants for which no new builds are
undertaken.

4. Controlling Scenarios Graphed

The scenarios involved in the three figures of each graph sheet can be controlled for all
sheets via the Scenario sheet, with the Refresh Graph option after providing the sequencing
index in Col-D for each other scenario to be graphed. Alternatively the scenario shown on
any particular graph sheet may be set for that sheet (till the next Scenario sheet Refresh
Graph is done) via a right-mouse click anywhere on the sheet, which opens the selection
box shown in Figure 105. The analyst can then move the scenarios in/out of the Graph list,
order them as desired, and click Refresh Graph.

I ExcelUpdate_PIEM_AnalyticsWorkbook_v13 - Notepad g@g|

Fle Edt Format View Help
7/6/2010 9:51:43 AM
Excel Update Log

Sheet Name: VEDA_Dump_SUP

-Updated successfully
_SysCost |C5:CC65536] ,00_supply |F5:CC65536| ,00_EnergyBalance-FinalEnergybyFuel Q5

Sheet Name: VEDA_Dump_ELC

-Updated successfully
00_Power Plants Generation by Fuel Group |D5:AH65536| ,00_Emissions by PP Type |Y5:AH

-Some values not found
00_Power Plants NewCapacity |05:AH65536]

Sheet Name: VEDA_Dump_DMD]|

-Updated successfully
01_AGR Subsectors |D5:1IV65536] ,01_COM Subsectors |05:Tv65536] ,01_IND Subsectors |Z5

< >

Figure 104: VBE Log File

Pak-IEM Final Report Volume Il — Users' Guide Page 131



Pakistan Integrated Energy Model

ADB TA No. 4982-PAK

Scenario Graphs Selection

Scenario Scenario Description

X

Graph

i_B-Ref 0705-01

Reference

B-Ref_0705-01

B-RefSP_0705-01
P_DL_0705-v01
P_DM_0705-v01
P_DR-C1_0705-v01
P_DR-CC_0705-v01
P_DR-EE_0705-v01
P_DR-HD_0705-v01
P_DR-NF_0705-v01
P_DR-PH_0705-v01
P_DR-PL_0705-v01
P_DR-RD_0705-v01
P_DR-RR_0705-v01
P_DR-TD_0705-vO1
P_DR-TD-HD_0705-

4

Reference (Sector Prices)
Lower Demand

Medium Demand

Annual CO2 Cap
Cumulative CO2 Cap
Energy Efficiency

Hydro Delay

Forced Annual Nuclear Builds
Higher Energy Prices
Lower Energy Prices
Reduced Imports
Renewable Electricity

No Thar

Mo Thar + Hydro Delay

P_DL_0705-v01
= P_DR-RD_0705-v01
P_DR-TD-HD_0705-v01
P
up Down

Refresh Graph |

Close |
|21

Figure 105: Refresh Graph Selection Box

5. Other Analytics Workbook Features

The user should refer to Addendum A for more advanced features, such as Adding New
VEDA_Dump Tables and Graph Sheets, and adjusting Model run periods.

Pak-IEM Final Report Volume Il — Users' Guide

Page 132



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

Addendum A: Using the Pak-IEM Analytics Workbook

The IRG-Analytics workbook is an interactive Excel workbook that manages and presents
results from the Pak-IEM TIMES model runs. The workbook is linked to a VBE database and
facilitates managing and updating of model run results. It also allows the analyst to select
and examine a subset of model runs for analysis of model behavior and for presentation of
model results to decision-makers.

The Pak-IEM Analytics workbook contains results tables and charts covering almost all
aspects of the energy system using multi-case comparison graphs in three formats and
comparing up to four scenarios at a time. One chart presents the results of the first scenario
selected; the second compares the results of the four scenarios in the order selected by the
analyst, and the third displays the differences of the second, third, and fourth scenarios to
the first. The tables and graphs included in the Pak-IEM workbook cover primary and final
energy consumption, power plant generation, installed capacity, and new builds along with
the associated investment required, fuel consumption in individual demand sectors, CO,
emissions, and sector-specific details.

A collection of Visual Basic functions available in the Analytics workbook enables:
e Scenarios to be added, deleted or renamed

e The workbook to be readied for updating all or only selective scenarios using the
VEDA-BE (VBE) Update Excel function

e Scenarios to be selected for display on the various results graphs to facilitate
examining and digesting the model results

e New tables and graphing sheets to be added to the workbook

A. Introducing the IRG-Analytics VBE_UpdateXLS Add-in

The Analytics Excel Visual Basic Add-in that activates various interactive features of the
workbook needs to be installed on the system before using this workbook. The Add-in set up
package in the form of a .zip file is distributed to the Planning Team. The user then needs to
unzip this package in any chosen location \VEDA\VBEDA_BE\IRG_Addin suggested). The
Add-in can be installed by opening the file Setup_Analytics_Addin and clicking the “Setup
Analytics Addin” button as shown in Figure 106. The “Remove Analytics Addin” button
uninstalls the add-in from the system. A second file named VD is also sent along with the
Setup_Analytics_Addin file as a part of the setup package. This contains the actual code for
the Add-in and does not need to be accessed by the users.
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Analytics Addin Setup B|

Something went wrong during copying
of the add-in to the add-in directory:

C:\Program Files (x86)\Microsoft Office\Officel 2\LIBRARY",

You can install Analytics Addin manually by copying the file
Analytics Add-in.xla to this directory yourself and instaling the addin
using Tools, Addins from the menu of Excel.

Don't press OK yet, first do the copying from Windows Explorer.
It gives you the opportunity to ALT-TAB back to Excel
to read this text.

Ran the old Setup to do Remove. Closed it and upRARed the new one. Ran Setup to Install and get
this. When | go to ProgramFiles the Add-in is still there and cant deleted/replaced. So closed Excel
and tried same procedure again - all OK. Will add to the Analytics Users' Guide.

Setup VEDA Addin ‘

Remove VEDA Addin ‘

Figure 106: Setup_Analytics_Addin Installation

B. Types of Worksheets

The Analytics workbook consists of five different types of sheets discussed here. At the end
of this section the list of the right-mouse invoked operations that can be performed on each
sheet to manage the workbook is provided.

1. Index

The Index sheet, shown in Figure 107, lists all the tables in the workbook and includes a
hyperlink to the corresponding worksheet and a short description for each of the sheets. It
also identifies the VEDA_Dump Sheet on which the original VBE Update Excel table can be
found.
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HEM A ! |
A B [ (i} ]
[ Analytics VBA v0.00 ] =
List of Analysis Tables
VEDA_BE Table Name Tab Name & Hyperlink Description VEDA_Dump Sheet
SysCost Sconarios Total discounted system cost (TIMES Objective Function) SUp
00_All Costs (by all Sectors) All_C s(by Sector) Costs corresponding to different sectors of the energy system sSup
00_Emissions by PP Type E ion_PP (by Type) Emissions from different types of power plants ELC
00_EnergyBalance-FinalEnergybyFuel EB_FinalEnergy (by Fuel] Final energy consumed by fuel SuUp
00_EnergyBalance-FinalEnergybySector EB_Final Energy {by Sector]  Final energy consumed in each of the sectors SUP
00 _EnergyBalance-FinalEnergybySector Energy Intensity Energy intensity of the system in various scenarios SUP
00_Impaorts-DomSupply Imports_Supply Share of imported energy relative to the total energy consumed SUP
00_Power Plants Generation by Fuel Group Poweer Generation (by Fuell  Power plant output by fuel type ELC
00_Power Plants NewCapacity Power Sector Investment New capacity added in each time period by generation type ELC
00_Refineries Outputs Refinery Output Breakdown of refinery output by fusl type SUP
00 _Supply EB_Supply Primary energy supply by fuel source SUp
O1_AGR Fuels AGR Fuels Fuel mix consumed in the agriculture sector oMo
01_AGH Subsectors AGR Sectors Energy consumed by different agricultural subsectors DMD
01_COM Fuels COM Fuels Fuel mix consumed in the commaercial sector DMD
01_COM Subsectors L] Energy consumed by different commercial subsectors DMD
01_IND Fuels Fuel mix consumed in the industrial sector DMD
Energy consumed in different industrial processes. This does not include the
01_IND Subsectors IND Sectors energy generated from the CHP and ther auto generation plants. oMD
01_RSD Fuels RSO Fuels Fuel mix consumed in the residential sector oMo
01_RSD Subsectors RS0 Seciers Energy consumed by different residential subsectors DMD
01_RSDR Fuels RSDR Fuels Fuel mix consumed in the rural residential sector DMD
01_RSDR Subsectors REDR Sectors Energy consumed by different residential subsectors in rural households DMD
01_RSDU Fuels REDU Fuels Fuel mix consumed in the urban residential sector DMD
01_RSDU Subsectors RSDU Sectors Energy consumad by different residential subsectors in urban househaolds DMD
Contribution of new and old transportation technologies in meeting the total
01_TRN ExNew Techs TRN TechGrps demand DMD
O1_TRN Fuels TRM Fuels Fuel mix consumed by road transport vehicles oMo
01_TRN Road Transport TRN ReadVehicles Energy consumed by different types of road transport vehicles DMD
bW Lndex, VEDA Dump SUP  WEDA Dump ELC  VEDA_Dump DMD  Scenaros - System Cost  Expendtures - vvestment Costs  EB_Supply  FossiSupply  bmports Share  Ererg T = [N 0=

Figure 107: List of Pak-IEM Analytics Workbook Tables
2. Scenarios

This sheet, shown in Figure 108, provides the list of all scenarios currently being managed in
the workbook along with a brief description for each scenario. Each scenario represents the
results of a particular model run, and the name in the Analytics workbook must exactly
match the scenario name and description in VBE. The Analytics workbook is designed to
allow the user to selectively view up to four (4) scenarios at a time on the Graphing sheets.
This choice of scenarios can be made from the Scenario sheet (see Section C), where the
scenarios selected will be applied to all the Graphing sheets in the workbook.

This sheet also allows the user to choose either the scenario name or description for labeling
graphs in the workbook using a selection list.

e : PIEM_AnalyticsWorkbook v22 [Compatibility Modh
i

- Home Insert Page Layout Formulas Data Review View Developer Add-Ins

i Cut | = ]

j & Cu Calibri -1~ |A AT | = =||®-| | SiWap Text General - *},‘ ?—iﬂ Comma
= 153 Copy . 5]

Paste - - - - = = - - 8 =0 .00 Conditional Format
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1

z Scenario Look-up Table

5!

MoUpd

4 KLS Scenario Description

5 B-Ref_0830 Reference Choose Desired Scenario Label on Graphs

6 B-Ref_D830_RFNRY Refinery 1 | Description I~]

7 B-Ref_0B30_RFNRY2Z  Refinery 2

3 P_DH_0715-01 High demand

9
10
11
12
13
14

Figure 108:

Scenarios Worksheet
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3. VEDA_Dump Sheets

These sheets are linked directly to the model post-processor, VBE, which permits the
manipulation of run results to construct the various tables presented in the Analytics
workbook. The Pak-IEM workbook has three of these sheets containing raw output tables
from VBE organized according to Resource Supply (VEDA_DUMP_SUP), Power sector
(VEDA_DUMP_ELC), and Demand sectors (VEDA_DUMP_DMD). See Figure 109 for an
example. Users should not alter data on these sheets, although they may be perused by
the interested analyst. See Section F for a discussion of how to add a new VBE table to the
VEDA_Dump sheet, and create an associated Graphing Sheet.
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Figure 109: Power Sector VEDA_DUMP Sheet

4. Graphing Sheets

These sheets present the detailed model results in tables and graphs, four scenarios at a
time. These sheets constitute the primary workspace for analyzing the Pak-IEM model
results, and each generally presents four stacked bar charts containing results for the four
scenarios organized as follows and as shown in Figure 110:

o Level of the 4 selected scenarios — side-by-side
e Level of the first (typically reference) scenario only
o Difference of scenarios 2, 3, and 4 compared to scenario 1

o Percentage difference from scenario 1
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Do) 9 - i PIEM_AnalyticsWorkboaok v21 [Compatibility Mode] - Microsoft Excel
o _
7/ Home Insert Page Layout Formulas Data Review View Developer Add-Ins (7]
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PivotTable Table Picture Clip Shapes SmartArt  Column  Line Pie Bar Area Scatter Other Hyperlink Tet Header WordArt Signature Object Symbol
- Art B B - B - - B Charts ~ Box & Footer - Line =

Tables llustrations Charts 5| Links Text

8z52 - A

Fossil Fusl Supply

Figure 110: Typical Graph Worksheet

Each Graphing sheet is directly tied to a particular table in the VEDA_Dump sheets, and the
data from the VEDA_Dump sheet is brought into the graphing sheets in the blue area on the
left. As discussed in Section F, the link is established by means of setting reference link in
cell B7 to reference the corresponding table name cell on the corresponding VEDA_Dump
sheet and invoking the SquareTable function.

The rest of the sheet contains the indexes and graphing tables created using Excel formulas
to create the stacked bar charts corresponding to four chosen scenarios. Graph data
corresponding to these scenarios begins in row 8 / column Q, with several calculation blocks
preparing the data for display. Generally, the formulas in these cells are generated by the
Analytics Add-in code and the analyst should not make any changes here.

5. Metrics Sheet

This sheet, shown in Figure 111, provides a high-level summary of changes in key model
results with respect to the Reference scenario for the currently selected scenarios. The
table currently presents six metrics for the energy system that include: changes in total
discounted system cost, primary fuel supply, electricity and energy imports, power plant new
builds, final energy consumption, fuel imports, and CO, emissions. The tables/ graphing
sheets from which these metrics are derived are listed on the metrics sheet.
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Figure 111: Summary Metrics Worksheet

The metrics sheet also contains the model periods that are being used currently, along with
the period lengths. If the user intends to add a metric to this sheet, these model period
lengths need to be used to calculate the cumulative sum for any model results that are
annual values. This is done using the Excel function — Sumproduct and the appropriate
period lengths with the total row from the difference table on the appropriate graphing
sheets. Note that if the metric in question is reported as a value per period in the graphing
sheets (e.g. PP investment), then the user can simply take the sum of the total row instead
of sum-product while populating the metrics sheet.

6. Analytics Workbook Add-in Functions

Each of the above worksheets contains a specific set of functions that allow the user to
perform the necessary manipulations with the Analytics workbook. The functions available
on each sheet can be accessed by right-clicking according to the sheet type, as reflected in
Figure 112, where the rename scenario function is being invoked. Table 13 lists all the
available functions, which will be discussed in more details in the following sections. [Note
that some of the functions can be run only from specific cells on the sheet].
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Scenario Description

B-Ref_0830 Reference
B-Ref_0830_RFMNRY Refinery 1
B-Ref_0830_RFMRY2 Refinery 2

Rename To be renamed

TnAday WENA N SHID VENA Numn FILC

VENA Do DD

Cut
Copy

B & =

Paste

Paste Special...
Insert...
Delete...

Clear Contents
Filter

Sort

Insert Comment

bE

Eormat Cells...

Pick From Drop-down List...
Mame a Range...
Hyperlink...

WVEDA DUMP

Scenario

Graphing Sheets

Qranarina Quetam Mnat

Figure 112: Scenario Worksheet

Table 13: Analytics Add-in VBA Commands

B

] PV
B0

RFMNRY
AFNRY2

930,504 ]

1,015,496
793,971 =
855,316 -

Add Scenario(s)
Delete Scenario(s)
Rename Scenario
Refresh Graphs
Prepare for Update
Finish Update

[* All)

Un* All

Fynanditirac

Trnvactmant Cncke FR <

Sheet Type Function Description Cell-specific
Ensures each scenario has all rows,
determines ensuing table block size, Can be accessed only
VEDA_Dump Square Table establishes the graphing sheet [requires from cells containing
pre-linking of the graph sheet to the Table Name in row 5.
results table]
. Adds a scenario to every VEDA_Dump
Add S -
cenario(s) table and each Graph sheet
. Removes a scenario from every
Delete Scenario(s) VEDA_Dump table and each Graph sheet
. Needs to be accessed
Rename Scenario Changes a scenario name on all the from cell containin
VEDA_Dump and Graph sheets . &
scenario name
Refresh Graphs - All Updates the scenarios graphed on all the
Scenarios Graph sheets
Prefixes "*" to scenarios (so not seen by
VBE_Update Excel), removes formatting
P Updat - !
repare for Update on VEDA_Dump sheets and sets
Formulas to Manual in Excel
Finish Update Remove "*"' from scenarios, set Formulas
to Automatic
(* All) Puts a "*" in column A for all scenarios
Un* All Remove all "*" in column A
Graphin Inserts a period in the graph sheet tables Can only be run from
phing Add Period . P & p the period header cells
Sheets to the right of the last period .
in the blue area.
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Can only be run from
the period header cells
in the blue area.

Remove a period from the graph sheet

Delete Period table

After pointing cell [B7] to the associated
VEDA_Dump table name cell [in row 5]
does an update to the blue data area

Can be accessed only
from cell B7 on the
graphing sheets.

Establish Links

links
Refresh Graphs - Refresh the graphs on just the current
Sheet sheet for the requested scenarios
C. Viewing Results — Controlling Scenarios Graphed

The four scenarios of interest, and the order in which they are presented on the graphing
sheets, can be chosen from the “Scenarios” sheet by right clicking on any cell in the sheet
and choosing Scenario/Refresh Graphs. That will open the command box shown in Figure
113. From the scenario list on the left, first select the four scenarios to be graphed using the
> and < buttons and then order the list of scenarios using the UP and Down buttons.
Second, indicate which graphing sheets are to be refreshed (usually all) and then click
“Refresh Graph.”

Scenario Graphs Selection @
Scenario Scenario Description Graph Order
i E-Ref 0530 Reference i B-Ref_0330

B-Ref_D330_RFHRY
Rename
B-Ref_NE30_RFHRYZ

B-Ref_0830_RFMRY  Refinery 1
B-Ref_0330_RFMRYZ  Refinery 2
Rename To be renamed

2 [ [

<<

ur Dowen

| |+

Sheet(s) Select All | Clear Al
Syskem Cost N
Expenditures
Inwvestment Costs
EB_Supply
Fossil Supply

Imports_Share

Energy Intensity

Refinery Output

Power Sector Investment

Power Generation (by Fuel)

EE_FinalEnergy (by Fuel)

Metrics Refresh Graph Close
EB_Final Energy (by Sector) j

Figure 113: Scenario Graphs Selection Command Box

If, while viewing a particular graph sheet, you would like to investigate particular model
results for a different set of scenarios, use the Graphing Sheets/Refresh Graphs per Sheet
function, which can be brought up by right clicking in any cell on the graphing sheets. That
option opens a selection box, shown in Figure 114, in which the desired scenarios can be
added or removed (right or left arrows) and their order modified (via up or down buttons).
Clicking “Refresh Graph” will update all the charts on that graph sheet only.
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Scenario Graphs Selection g|
Scenario Scenario Description Graph Order
i B_Ref-0530-l Reference IIILT) B-Ref_0621-01
B-Reef_0420-02 Reference {Old) P-MoDEH_0420-01

P-MoThar_0419-01
B-Ref_0420-02

B-Ref_0621-01 Reference
P-MoDEBH_0420-01 Mo Diamer Basha Hydro
P-MoThar_0419-01 Mo Thar

|
d
o | o

Refresh Graph ‘

Close
1 ] J

Figure 114: Scenario Selection — Refresh Graphs per Sheet

D. Updating the Workbook

Once an Analytics workbook has been set up with the desired tables, graphs, and scenarios,
the most common operation (other than viewing the results), is updating the data tables from
VEDA-BE (VBE) as various scenarios are re-run. The steps to be followed while performing
such an update are discussed below.

1. Select Scenarios for Updating

In many cases, the user will need to update all the scenarios in the workbook, and this step
can be skipped. However, because the Update Excel process in VBE can be time
consuming, the Analytics workbook has a feature to allow the user to update only select
scenarios.

On the Scenarios tab, mark any scenarios that do not need to be updated with a * next to
them in Column A. The user also has the option of inserting a * next to all scenarios using
the right-click function (* All) and then deleting the *s next to scenarios that need to be
updated, as shown in the two parts of Figure 115.
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Figure 115: Selecting Scenarios for Updating — (*All) Right Click Command on Left
and Result after Deleting Two *s on Right

2. Prepare the Workbook for Updating

The Scenario/Prepare for Update function (see Figure 116) performs a number of operations
to speed up the update process. It removes all the comments and formatting in the DUMP
sheets, attaches “*” to the scenario names for any scenarios that are not being updated and
turns the Excel Calculation Options to Manual. Note that if all the scenarios need to be
updated, column A should be left blank before running Prepare for Update. Also, it is
important to align the list of scenario to be updated with the VBE Global Filter applied
to Scenarios.

wou, U L
T ¥ | cut hw 1,015,496 9.1
23 Copy Ry2 793,971 -14,
[, Paste 855,316 -BA
Paste Special...
Insert...
Delete...
Clear Contents
Filter L4
Sort L4
d Insert Comment
'ﬁ;‘ Format Cells...
Pick From Drop-down List...
Mame a Range...
., Hyperlink...
VEDA DUMP L4
Scenario L Add Scenario(s)
Graphing Sheets 4 Delete Scenariofs)
Rename Scenario
Refresh Graphs
Prepare for Update
Finish Update
[+ Al
Un* All

Figure 116: Prepare for Updates Command

Pak-IEM Final Report Volume Il — Users' Guide Page 142



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

3. Runthe VBE Update Excel Process

Close the workbook and open VBE to run the update process from VBE (Tools -> Update
Excel file -> All Tables) as shown in Figure 117. Before running the update process, make
sure a Global Filter is applied that contains all the scenarios that are specified to be updated
in the Analytics workbook. {No other Excel files should be opened while the update
process is running.}

VEDABE: [PIEM_VBE(100905)] -4.8.705: TIMES

File ‘ew Table Sets Results REEEN Help
O a | @ €Y | @ Resct Cube Settings
. B Set Default Layaut
Table definition (Analysis Tal =7 10 veda v [ Vintage Y TimeSlice
| <Mew Tabie: ST Sync =l r Adiribute T C i

Upload Cube Fies FEpKanoRs, cam™
Delete Al Cube Files Shift+Del

Update Excel Fie

Cptions CErle

Units *

e Cuplicate Ele In Seot(s)

Reset Datsbs CEl4P 12

Code

Licarese Operations * ALEELLE
ALEELC-MN
AODEHFO-E
ADEHFO-MN
ADELDO-E
ADELDO-M
ATFHEDLCE
ATFHEDDH

Figure 117: Update Excel File Process in VEDA_BE

The progress of the update process can be seen on the VBE status bar as VBE generates
intermediate tables and compares the excel table records for each of the tables present in
the Dump sheets. The user can choose to stop the update process at anytime using the
“Break” button (See Figure 118).

<MNew Tablex

ey

-

[~ Global Filter Applied For:

| Break... |

SYSCOST: Displaving Cubefs]...
Figure 118: Breaking the VBE Update Excel Process

A VEDA-BE message will indicate the completion of the update process as either successful
or encountering some possible anomalies. In the latter case, the user should read the
UpdateExcel log and ExtraRecords files to ensure that no tables were missed while
updating.

4. Finishing the Update Process

Open the Analytics workbook and run the Finish Update function (see Figure 119) to remove
“*” from any scenario hames and set the Excel Calculation Options to Automatic. This step
should be followed by the (Un* All) function if needed. It is encouraged to check the
VEDA_Dump sheets to ensure that all the desired tables and scenarios are properly
updated, as indicated by yellow highlighting in the Table Name cell.
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Figure 119: Finish Updates Function

One reason that some of the tables may not have been properly updated is because of
differences in the table layout between the workbook and the corresponding VBE table. This
may happen if it was mistakenly saved with the wrong layout when exploring the table details
by reorganizing the cube. {Reminder: if a table name appears red in VBE that indicates that
is has been used in an Update Excel operation and should not have its layout changed
without great care. This is reinforced by user prompts in VBE if a user attempts to save an
update table with a different layout.} If this occurs, the user should go back to VBE, select
the table in question, reorganize it to match the layout on the VEDA Dump sheet, save it
again, and then run VBE (Tools -> Update Excel file -> Selected Tables) as appropriate.
Other error entries in the VBE ExcelUpdate log file could point to differences in the naming
of row qualifiers. The user then needs to ensure that names of the row qualifiers and/or
scenarios exactly match the names in the workbook and re-run the update process for all or
selected tables.

In addition to the above-mentioned potential errors, the VBE ExtraRecords file could indicate
that there are time periods that exist in the VBE tables but not in the workbook. This can be
ignored if the user does not intend to report the results for these periods from VBE in the
workbook (as is the case in Pak-IEM for periods 2008 and 2016 for various annual tables).
However, if the user wishes to report these values in the workbook, the VEDA Dump table
will need to be modified by inserting periods and the Graphing sheets by Adding periods and
reestablishing links (see Section G) before running the update process.

E. Managing Scenarios

The Pak-IEM Analytics workbook contains the full set of initial policy scenarios, but as part of
the normal use of the model to analyze new model runs, it will be necessary to add new
scenarios to the workbook, as well as delete old scenarios.

1. Adding New Scenarios

Scenario results from new model runs can be added using the Add Scenario(s) function by
right clicking on any cell in the “Scenarios” tab and selecting Scenario/Add Scenario(s). This
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will open the form shown in Figure 120, which allows the user to enter the names and
descriptions of one or more new scenarios (clicking Add after each scenario entry) and then
selecting “Add Scenario(s)” to complete the process.

Add Scenario E]

Enter Mew Scenario Mame Enter Scenario Description
| Scenarioz | Test Scenaria 2 Add
List of Scenarios to be added Removye Them
Scenariol Test Scenario 1
Scenario Test Scenario 2

#dd Scenariofs) Close

Figure 120: Add Scenario(s) Form

This function will add the new scenarios to all the tables in the VEDA_Dump and Graphing
sheets. Once this is done, results corresponding to the new scenarios can be brought into
the workbook by running an update for the newly added scenario, or for all the scenarios as
described in the previous section.

2. Deleting Old Scenarios

The workbook also contains a provision for deleting scenarios that do not need to be
analyzed anymore. Right click on the any cell on the “Scenarios” tab and access the Delete
Scenario(s) function to bring up the form shown in Figure 121. Select the scenarios that
need to be removed from the workbook and click “Delete Scenario(s)”. Multiple scenarios
can be selected for deletion using Ctrl+Click on the delete scenario form.
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X

Delete Scenario

Scenario Scenario Descrintion Status

B-Ref_0830 Reference
B-Ref_DG30_RFMRY  Refinery 1
B-Ref_0530_RFMRY2  Refinery 2

DELETE Scenariofs) | Close

Seleck All | Clear &l | Refresh

Figure 121: Delete Scenario Form

Note that the scenario being deleted should not currently be selected for graphing on any of
the worksheets. If there is such a conflict (as indicated by a warning message on trying such
a deletion), run Refresh Graphs for All tables with an appropriate scenario selection (not
including the scenarios to be deleted) before running Delete Scenario(s) to ensure that the
scenario being removed is not being used anywhere in the workbook.

3. Renaming Scenarios

The other useful feature for managing scenarios in the Analytics workbook is Rename
Scenario. The name of a particular scenario in the workbook can easily be changed using
the Rename Scenario function. This function can be accessed by right clicking on the
chosen scenario (from the list in column B) on the “Scenarios” tab and selecting Rename
Scenario, which will open the form shown in Figure 122.

Rename Scenario

Type the new Scenario name in the text box

B
_ Caneel |

Cancel

Figure 122: Rename Scenario Form

F. Adding New Tables and Graph Sheets

The Pak-IEM Analytics workbook has a well developed set of tables and graph sheets.
However, as Pak-IEM is further developed and as new analyses are performed, it very likely
that new tables and associated graph sheets will be needed. This section describes the
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steps by which these new tables can be created and added to the Pak-IEM Analytics
workbook.

1. Create anew Tablein VBE

In VBE create the desired table using the required Analytics VEDA_Dump table layout where
the cube view of the table is structured in the with the scenario and a single chosen qualifier
(e.g. Process, ProcessSet, Commodity, CommoditySet, Attributes, etc.) as rows and time
periods as column headers (see Figure 123). The table also needs to report the Total of the
chosen qualifier for each scenario.

Onginal Umits: P Active Umit |I'v1t|:|E j Data waluesz hilter:

Attribute [+ [*Cormmodity® [« |*Process® [ |Region [+ [*intage® = |*TimeSlce [+

p— 2007 [2010 2014 |2017 |2020 |2023 |2026 |2030 |
=lEB-Ref 0330 Domestic supplyls b= B3| 71| 7Bl 85 B4/ 94] 108
Irnports 2 19 21 2 A 501 E0) 20
Tatal Bl 82 92| 102 MF[ 133 154) 186
=IB-Ref 0230 RFMRY |Domestic supply| 58] B2 71| 7B 86 84| 35| 106
Irports 21 19 22 28 A B0 89
Tatal e ¢ 31 102 117 134] 154 186
=IB-Ref 0230 RFMAYZ2|Domestic supply( 98 B2 70 7B 87| 85 55 110

Figure 123: Required VBE Table Format for Use with the Analytics Workbook

2. Create the VEDA_Dump Table

In VBE, turn off the Global filter for scenarios and generate a view of the new table so that all
of the scenarios are present, and copy the table from VBE cube view (using F7 or via right-
mouse click).

Go to the Analytics workbook, and select the appropriate VEDA_DUMP sheet for saving the
new table. In that sheet, go to the first open columns to the right, and paste the new table
starting on row 5 and ensuring that the new table data is separated by at least one column
from all the other tables in the DUMP sheet.

3. Create the New Graph Sheet

Copy an existing graph sheet and rename the new sheet according to the table name.

Link the graph sheet to the corresponding VEDA_Dump sheet table by pointing cell B7
(reading “Scenario”) to the cell on row 7 of the VEDA_ Dump sheet (containing the word
“Scenario”) two cells below the new table name. This points the new graph sheet to the new
table and will allow data to be updated from in the VEDA_Dump sheet to the graph sheet.

Finally, the time periods for the new table will need to be linked to the values in the first table
on the initial VEDA Dump sheet.
4. Square Table Function

Return to the VEDA_Dump sheet and go to the cell containing the Table Name of the new
table (in row 5) and do a right click to select VEDA Dump/ Square Table (see Figure 124).
The Square Table function will add rows to the new table as needed so that all the scenarios

Pak-IEM Final Report Volume Il — Users' Guide Page 147



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

in the table have the same set of qualifiers, and thereby number of rows. In addition, this
function also sets the block size for the graph data calculations and populates the new
graphing sheet with the current table’s data.

ITabIe Name: 00 E‘ijer Plants NewCapacity

Active Unit: GW % cut

Scenario ’ P11 2012 2013 2014
B-Ref_0830 53| Copy 0| o0.0348| 288015] 1348
B-Ref_0830 [ Paste
B-Ref_0830 e 0 0 0 0
B-Ref 0830 0 0 0 0
B-Ref_0830 Insert... 142 45 45 i
B-Ref_0830 Delete... hasa 27 27 3.6
B-Ref 0830 0 0 0 0
B-Ref 0830 Clear Contents pag7| 0.0487| 0.05193| 005193
B-Ref_0830 Fiter v D524 7.28349] 10.1211] 10.9999
B-Ref_0830_RFNRY R 0 0| 3.37868| 2.28924
B-Ref_0B30_RFNRY gort '
B-Ref_0B30_RFNRY [ Insert Comment 0 0 0 0
B-Ref_0830_AFNRY 0 0 0 0
B-Ref_0830_ReNRy ] | Format Cels.. 142 45 45 6
B-Ref_0830_RFNRY Pick From Drop-down List... 2796 27 27 3.6
B-Ref_0830_RFNRY NamE R Range 0 0 0 0
B-Ref_0830_RFNRY pag7| 0.0487| 0.05193] 0.05183
B-Ref 0830_RFNRY | 2 Hyperlink. b703| 7.2487| 10.6286] 110412
B-Ref_0830_RFNRY VEDA DUMP » Square Table 0
B-Ref_0830_RFNRY i
B-Ref_0830_RFNRY S T o 0 0 0
B-Ref_0B30_RFNRY Graphing Sheets 3 o 0 0 0
B-Ref_0830_RFNRY Hydro PTSATE T783[3.142 45 45
B-Ref_0830_RFNRY MNuclear Power Plants 0] 0.77047) 1.56708 27 3.6
B-Ref _0830_RFNRYQil-fired Power Plants 0 0 1] 0

Figure 124: VEDA Dump Sheet Square Table Command

5. Establish Links

The charts on the new graph sheet need to be adjusted next by selecting the appropriate
data area for each of the four graphs on the sheet. Run the Establish Links function from cell
B7 of the new sheet once all the graphs are correctly referenced. See Figure 125.
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_Eemeie . Vwwmneesvariea | anea 2010 2011 2012 201
B-Ref_0830 & Cuf 1234.24 161475 17236 187982 :
B-Ref 0830 B3 Copy 4063.31 6147.18 7960.6 104024 :
B-Ref 0830 B paste 10260.8 263839 402241 554382 ¢
B-Ref_0830 156519 201439 247861 293024 :

Paste Special...
B-Ref_0830 312103 542897 746944 970228
B-Ref_0830_RFNA Insert... 505564 657134 815121 101865
B-Ref_0830_RFNR Delete... 411505 617771 800144 10442 :
B-Ref_0830_RFNR Clear Contents 103754 26465 404461 55646 |
B-Ref_0830_RFNR = 154321 201024 243876 28618 :
B-Ref_0830_RFNR Filter * | 240782 503165 209864 104803
B-Ref_0830_RFNR Sort * | 122451 152335 161526 171661 :
B-Ref 0830 RFNR ] Insert Comment 3070.11 564621 703576 88775
B—ReffOEBCLRFNFﬁ; e 96482 238996 35344 475733 °
B-Ref_0830_RFNR 155917 194747 22969.3 260076 :
B-Ref_0B30_RFNF BEELinDiopdowaltty 304345 505439 669643  BAL7S ¢
Rename Name a Range... 122873 156196 166488 179136 -
Rename @ Hyperlink... 401093 580097 7417.53 056069 -
Rename VEDA DUMP , | 990772 24837.4 373303 510664
Rename 15592.6 19737 237837 275616 :
Rename AL * | 307300 51937.3 702565 80980

-

Graphing Sheets Add Period

Delete Period
Establish Links

Refresh Graphs per Sheet

Figure 125: Graph Sheet Establish Links Command

6. Update the Index Sheet

The final step to adding a new table and graph sheet is to add the table name and
description to the Index sheet and create the hyperlink to the new worksheet.

G. Editing Time Periods

The last group of functions relate to adding, modifying, and deleting time periods. The
functions Add/ Delete periods are useful for constructing Graph sheets where the number of
periods differs across sheets or when the user intends to view results corresponding to only
a subset of periods. This is particularly relevant to Pak-IEM where the model includes a 2008
and a 2016 period, which will not generally be reported in the results. For most tables
reporting annual results, the impact of these periods will naturally be reported in the 2010
and 2020 period values. For period results (e.g., new builds, new investment) the results
from these periods will be added by post-processing the results into the 2010 and 2020
results.

H. Changing Graph Sheet Periods

Given a table on the VEDA_Dump sheet, the user can alter the number of periods on a
graph sheet by running Add/ Delete Periods from the period header in the blue area (row 7).
See Figure 126. Note that Add/ Delete periods could alter the graphs and the difference
tables and these would need to be refreshed via the Excel Select Data right-mouse facility
once these functions are run.
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A B c D E E G H 1 ) K i M N o e ¢
1

2

3

4 Calibri ~ |11 ~| A" A7 § - % 1+ F

> - %

7 Scenario AttributeDesc\Period 2007 2010 32011 2020 2025 2030 2035 2040
8 8-Ref_0830 Activity cost (Delivery/Vard 2452.95 123424 1614.75 & | cut 288856 0 o 0 o
9 8-Ref_0830 Fixed OBM costs 287228 406331 6147.18 7413 Copy 10846.4 o o o o
10 8-Ref_0830 Investment costs (annual) 0 102608 263839 40| (3 paste 109297 0 [:} 0 [:}
11 8-Ref_0DB30 Resource supply costs (incl| 143865 156519 201433 24 — 59362.9 o o o o
12 8-Ref_0830 Total 197217 312103 542897 74 = 191395 o o o o
13 8-Ref_0830_RFNRY Activity cost (Delivery/Var 6002.44 5055.64 6571.34 81 Insert... 172217 0 [:} 0 [:}
14 8-Ref_0830_RAFNRY Fixed OBM costs 287228 411505 6177.71 BO| Delete... 10787 o o o o
15 5-Ref_0830_RFNRY Investment costs (annual) 0 103754 26465 40 Clear Coptents 109516 0 [:} 0 [:}
16 8-Ref_0830_RFNRY Resource supply costs (incl| 143965 154321 201024 24 59783.9 o o o o
17 8-Ref_D830_RFNRY Total 232712 349782 593165 B8O Filter " 3 208300 o o o o
18 8-Ref_D830_RFNRY2  Activity cost (Delivery/Vard 2452.95 122451 152335 16 Sort * ) 226407 0 [:} 0 [:}
18 8-Ref DB30_RFNRY2  Fixed O&M costs 287228 397011 564621 70] (3| Insert Comment 14590.8 o o o o
20 8-Ref D830_RFNRY2  Investment costs (annual) 0 9saE2 238886 3. o 839516 0 [:} 0 [:}
21 8-Ref_0B30_RFNRY2  Resource supply costs (incl| 143965 155917 194747 22 - 20839.4 0 o 0 o
22 B-Ref 0B30_RFNRY2  Total 197217 304345 505430 66 Pick From Drop-down List... 141646 0 0 0 0
23 Rename Activity cost (Delivery/Vard 2452.95 122873 156196 16 Mame a Range... 260198 0 o 0 o
24 Rename Fixed O&M costs 287228 401083 580097 74{@ Hyperlink.. 16600.7 o o o o
25 Rename Investment costs (annual) 0 9907.72 248374 37 VEDA DUMP L D oasss o o o o
26 Rename Resource supply costs (incl| 143965 155926 19737 23 534168 0 o 0 o
27 Rename Total 197217 307399 519373 70! SIS g 167313 (1] 0 o 0
- Graphing Sheets » Add Period

= Delete Period

20

A Establish Links

32 Refresh Graphs per Sheet

33 e ——

2a

Figure 126: Graph Sheet Add and Delete Periods Commands

1. Changing Periods on the VEDA Dump Sheets

The PIEM analytics workbook also allows the user to change the labels for the periods from
the first VEDA_Dump sheet as indicated in Figure 127. This change will be automatically
implemented for all other VEDA Dump tables because of links. The user can then run an
update on the workbook and populate it with results corresponding to the desired periods if
the MileStoneYRs are changed, but unless periods are added/removed the workbook is
currently setup to handle 14 periods, where the 2008/2016 periods are generally not
presented on the graph sheets and these levels are summed on those tables involving the
reporting of new build investment. Note that any new tables added will need to have their
time periods (in row 7 of the VEDA_Dump sheets) referencing the time periods in the first
table on the VEDA_Dump sheet.

T e Furmatnyg © as e - -
Clipboard fa Font fa Alignment A Number A Styles Cells
AL - fe | vEDA-BE Update XLS Dump Tables - supply
Al B c D E F G H | " K L [ [ 0 P a R s T
1
2 ‘VEDA—BE Update XLS Dump Tables - Supply Specify the model run periods here. Year values will then propagate to all tables appropriately.
3
5 Table Hame: _tyeCamt Table Name: 00_Supply i Tabla N
& Active Unit: MS07 Active Unit: Mtoe Blok # 7 Active
7 Seenarie PV Tesnaric 2007 2010 2011 2012 2013 2014 2015 2020 2025 2030 2035 2040 Seenatio
2 E-Fref 0530 3050336 B-Ref_0830 COAL 4.42615| 4.34077| 4.98355| 5.85291| 7.1239] 126772 16.68 30.09 B-Ref
9 E-Fuef_0530_RFMRY 101543534 | B-Ref_0830 Hydroelectric 7.62662| 7.00446| 8.51878| 13.1098| 1B8.4212| 23.7325| 30.8143| 37.8961 B-Ref,
10 E-Fuef_0530_RFMRY2| T53970.33| B-Ref_0830 Natural Gas 29.26| 30.15 37.33 36.93 37.02 3573 37.89 4041 B-Ref,
1 Feaname 255516.01 B-Ref_0830 Nuclear 0.54615| 0.55107| 1.11528| 5.65344| 10.7408| 15.8222| 22.5974| 28.28| B-Ref,
12 B-Ref_0830 Qil & Products 20.5096 19.29| 20.40| 2169 25.93 30.04 3273 37.33 B-Ref,
13 B-Ref_0830 Renewables (excl. hydn 15.89| 19.6779 19.54| 20.1803| 20.3956| 20.6505| 20.9054 19.11
14 B-Ref_0830 Total 78.26| 81.02| BI.M 103.42) 119.64| 138.66| 16168| 19311 B-Ref,
15 B-Ref_0830_RFNICOAL 4.42615| 4.34933| 5.04305| 5.88324| 7.00546 13.25 1840 3189 B-Ref_
16 B-Ref_0830_RFNIHydroelectric 7.62662| 7.00446| 8.51878| 13.1098| 18.4212| 23.7325| 30.8143| 37.8961 B-Ref_
17 B-Ref_0830_RFNINatural Gas 29.26| 30.50| 37.24| 37.# 3871 36.75 3844 40.38| B-Ref_
18 B-Ref_0830_RFNINuclear 0.54615| 1.16272) 1.11528| 5.40548| 10.4869| 15.5682| 22.3434) 26.13 B-Ref_
19 B-Ref_0830_RFNIOQil & Products 20.5096 19.19| 20.75 2197 26.31 3131 3415 4296 B-Ref_(
20 8-Ref_0830_RFNIRenewables (excl. hydr{ _ 15.89] 19.677| 155352 20.1803| 20.3956| 20.6505| 20.9054] 18.9977 B-Ref_
21 B-Ref_0830_RFNRY Total| 7826 8188 9220[ 10391 12133 14126] 165.05] 198.26] B-Ref_
2 8-Ref_0830_RFNICOAL 2.42615| 432077| 4.95435| 5.66684| 6.43054] 806|850 17.40) B-Ref_
23 8-Ref_0830_RFNI Hydroelectric 7.62662| 6.70488| 8.51878| 13.1098| 184212| 237325 3081] 37.90] B-Ref_
2 8-Ref_0830_RFNINatural Gas 2926] 3011 3513 3224 3318] 3136] 3054] 3086 B-Ref.
5 8-Ref_0830_RFNINuclear 054615 0.55107| 1.11528| 2.56531| 5.51455| 10.5958| 17.3711] 17.37] 8-Ref_0¢
% 8-Ref_0830_RFNIOil & Products 205096 19.28] 2022] 2100 2258 2635 2738 2038 Renar
7 8-Ref_0830_RFNIRenewables (excl hydr{ _ 1589] 196773 10996] 20.18] 2028] 2065] 2081 2135 Renar
28 B-Ref_0830_RFNAY2. Total| 7826 80.66| 89.90] 96.85| 10851 12055 13501 15415 Renar
23 Rename COAL 4.42615| 434077| 4.95316| 5.78198| 6.83298| 1194 1284 2483 Renar

Figure 127: VEDA Dump Sheet Change Periods
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Addendum B: Version Control

Version control is critical for any modeling effort, particularly when the team is distributed
and collaborating remotely. For Pak-IEM there are three core sets of files that need to be
managed:

o VEDA-FE templates containing the model input and source data (and the associated
databases), this includes the policy scenarios and other sensitivity files assembled

o VEDA-BE set of database files containing the model run results and the Sets and
Tables developed to facilitate the assessment of the model results

o PIEM_Analytics Excel workbook with the model run comparison tables

The procedures outlined here may be assisted by the use of a commercial version control
software system. However, the basic steps and procedures will not be impacted — just less
manual steps will be needed and tighter control enforced.

A. Core Templates — Basic Procedures

The core set of input templates consist of the B-Y templates (along with BY_Settings and
SysSettings), SUbRES (and dummy Trans file), and the Scen_ scenario files that tailor the
Reference scenario and establish the Demand projection. In addition there is the Energy
Balance and Template_Scen-ZPolicyRuns non-VEDA files. Collectively there are 15 Excel
workbooks constituting the core model, consisting of 7 BY templates, BY_Trans,
SysSettings, NewTech (and dummy _Trans), demand allocation+series, and at least one
driver assignment file, REFerence scenario files for DMD/ELC/FR and SectorPrices; along
with any number of additional Scenario files as needed for analyses. These are described in
more detaill in Section IlLA. All these files reside in a folder, the
\WVEDA\VEDA_Model\PIEM_TMPL_<date> folder. Thus when looking to freeze and distribute
a full Pak-IEM model this folder should be archived (using WinRAR or a similar compression
software) with the folder name, and installed in the \VEDA\VEDA Model folder using the
"Add to <folder name>" option. In terms of procedures for managing the individuals
templates the approach below is strong encouraged.

1. The xModelTemplateTracking_<date>.XLS should be used to check-out a template
for the purpose of making changes.

2. When changes are to be done, the Sector Lead should update the
xModelTemplateTracking table checking out template(s) to a particular individual
indicating the required information and highlighting the person's name with
accordingly. [An email should be sent to each of the PT members by the Lead
informing all of the transfer of control and pending update.]

3. As changes are done they should be reflected on the Legend sheet indicating the
sheet(s) where the changes were made and who is making the change, the file
should be saved with the Legend and sheet entries change selected, to the extent
possible. The changes should also be colored according to who checked-out the
workbook.

4. The individual making the changes should pass them to the Sector Lead, who should
introduce the template to the model and test the changes for errors.

5. Upon completion of the testing the Sector Lead is to remove the coloring, update the
xModelTemplateTracking XLS, post the template, and email the PT.

The Lead Modeler will decide at what point to freeze a particular model instance, and make
a new PIEM_TMPL_<date> folder.
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B. Policy Scenario Files

The Template-Scen_ZPolicyRuns_v## workbook is discussed later in Section 4.D.1. In
terms of version control, these files reside in the
\VEDA\VEDA_ Model\PIEM_TMPL_<date>\SuppXLS folder, and therefore are carried along
with all the core VFE files when an archive is made. The only difference is that this template
is to be controlled by the Lead Modeler, who may take control and give it to someone for the
purpose of developing a new basic scenario that is to be managed with the other
ZPolicyRuns. [At any time specific other scenarios not using the ZPolicyRuns template can
be created, as discussed in Section 4.D.2.]

Analysts wishing to use the ZPolicyRuns to create a particular sensitivity case should simply
1st save it with a Scen_Pol<name> and then customize as necessary. Thus a looser version
control is applied to the Scen_Pol<name> files, though following the guidelines mentioned
above is advisable anyway.

C. VEDA-BE Databases and SnT File

The VEDA-BE database reside in the \VEDA\VEDA_BE\Databases\PIEM folder. The folder
will contain several database (MDB) files, the VEDA_S/R internal files, the VEDA_SnT Sets-
and-Table file with the user defined set and table definitions, and a series of
VEDA_R_<scenario> files containing the results from each model run being handled by VBE
at the time. The key file among these is the SnT file.

When an analyst wants to add a new Set or Table that is to be shared with everyone, s/he
should contact the Lead Modeler and request control over the SnT file. Any Sets or Tables
added are to be summarized when returning the SnT to the Lead Modeler, who can check
that the new sets and tables are functioning properly and then distribute the new SnT file to
everyone on the team. The team members can then:

o Simply replace (overwrite) the current VEDA_SnT on their computer with the new file
(with VEDA-BE closed), or

o If the person(s) receiving the file has made changes to their Sets or Tables
definitions they wish to keep, use the VFE Sets/Import/Access option to bring in only
selective SnT entries, as discussed in Section I11.B.C.

Note that the VEDA-BE Database folder does not have <date> in the file name like the
VEDA_Models folder does. This is due to the fact that VFE points to this folder to connect
with the VBE VEDA_SnT file (by means of the Options/File Location tab), and if the folder
name changes, then the VFE database would need to be informed of the new file name.

Before a new VBE database folder is distributed, the Lead Modeler should check that the
documentation is complete and then RAR the VBE database folder (PIEM_VBE) with an
archive name of PIEM_VBE(<date>) When the new VBE database is distributed, it is
recommended that the receiving team members:

e Rename their existing PIEM_VBE folder to PIEM_VBE(<date>) to freeze it.

e Save the RARed copy of the new PIEM_VBE folder in their VBE Databases folder.
e Unzip the RAR using “Extract here.”

e If done properly, the extracted folder will have the name PIEM_VBE.

D. PIEM Analytics Workbook

The PIEM_Analytics_v## _<study>(date) workbook resides in the PIEM_VBE folder, so it is
archived along with the VBE database files as described above.
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However, there are three aspects of the Analytics workbook that need to be kept track of; the
VBA Add-in that provides the basic right-mouse functions used throughout the workbook is
discussed in Appendix A. First, the Lead Modeler has responsibility for ensuring that the
code is current and being used by the Planning Team members.

The second aspect is when someone wants to add a new table to the PIEM_Analytics
workbook. In this case the analyst should 1st request control of the VBE SnT file, as
discussed above, then add the new table to VBE and the workbook, updating the Index
sheet as necessary. The Lead Modeler will then test the changes and decide if the _v## of
the workbook is to be incremented, or just a _v##i added. Note that the SnT will have to be
distributed along with the new PIEM_Analytics workbook.

The third aspect is when a study or report has been completed. In this case the results
workbook needs to frozen, as was described for the PIEM_VBE folder in general.

Addendum C: Pak-IEM Exercises

This addendum is designed to reinforce the material presented in this Users’ Guide by
presenting a series of exercises designed to test how well a new user has learned and
understood the material presented in the User's Guide and thereby the Pak-IEM. The
addendum presents a series of questions and answers that are meant to be answered by
new Pak-IEM users working directly with VEDA hands-on. In the first part, a series of
guestions are presented, and responses are provided in the second part. The material
presented here can be administered as a quiz, or the questions can simply be addressed by
new users on their own as exercise to test their absorption of the material in the User's
Guide,

It should be noted that because Pak-IEM and VEDA are “living” systems, the screenshots
and even the numbers reported in this exercise may not match the current look of VEDA or
the information in Pak-IEM. However, the process necessary to address the various
guestions and carryout the exercises presented here remains essentially the same.

A. Pak-IEM Questions for New Users

1. Templates
In what folder does the PIEM_TMPL_<date> RAR file belong when distributed?
How do you change the model you are working with?
How many different groups of workbooks does VEDA handle?
How do you open the folder associated with a template group?
In which workbook are the model regions, sectors, periods and timeslices defined?
How many Base Year templates are there in Pak-IEM?
What sheets contain the declarations for the RES components?

What is the role of ~FI_T in the templates? What is to the left (and to the right) of ~FI_T
beginning on the row below the header and comment line?

© N o bk N PR

9. How are units entered into the model? Show the units for any technology in VEDA.
10. Which templates contain the power plants, refineries and cars, respectively?
11. What are the 4 ways to make changes in a template?

12. For each of the 4 ways to make a change in a template what must you do to have the
change entered into the VEDA Database?
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2. Browse

What is the difference between the 2 views for examining the data via Browse?

N

How many selection criteria windows does Browse provide? Which ones are used most
often and for what purpose?

What are the 2 ways to limit the lists in the Browse selection windows?
What are the 2 ways to select items in the lists?

How can you tell how many items are currently selected in a list?

o g kM w

What is, and what is the importance of, the SnT reference at the very top of the VFE
form? How is it associated with VFE?

What information does the YEAR-0 column handle?

What are the qualifiers for each row in the Browse table below?

VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model - [Veda View]

| Fle Basic Functions Adwanced Functions Teols ShortCuts  Window Help % Yersion 4333 Avalable **  CoywELAYada BEDaRabases PIEL

—Scenario —Region —Process (1)
m|EASE a ERHYDDAM-Akhor-N
[1DEM_PIEMLow = [JERHYDDAM-Alla-PR
[1DEM_PIEMMMed [JERHYDDAM-Basho-N
[JDEM_FIEMPRef 1 ERHYDDARM-Bunji-N
[IMewTechs [ 1ERHYDDAM-Cha-E o
[ Pol-BudgetLimit [1ERHYDDAM-Dasu-h
[ Pal-CO2AnnLimit o [1ERHYDDAM-Diamer-M
[ Pal-CO2CurnLimit [ ERHYDDAM-Dube-PN
[Pal-CO2Tax [ ERHYDDAM-Dudhni-M
[ Pol-DomReseneaCum [ ERHYDDAM-Gha-E
[JFal-EnEfficiency [ ERHYDDAM-Galen-MN
[1Pol-HydraCostinc [ |ERHYDDAM-Harpo-h
[ Pal-HydraDelay [1ERHYDDAM-Jinn-PH -
[ Pal-lmponDependency -
PP_HYDRO |

“B0* _[Region [*Ts* _[*Cur* _[*Sector _[*SheetMame* |

ear
Process Aftribute Scenario B ‘U |EUU7’ ‘
=IERHYDDAM-Akhar-M | =l AFS MewTechs 1.62
ICAPRACT  [MewTechs 3154
=lcaP_BND  |MewTechs 0.60
SysSettings 16.00
=IDISCRATE |MewTechs 0.10
=IEFF MewTechs 034
=IFIx0M MewTechs 5319
ZlMvCOST - [MewTechs 517647
Pol-HydroCosting BR94.12
ZlLite MewTechs 50.00
=INCAP_ILED |MewTechs 4,00
=IPEAK MewTechs 1.00
=ISTART FPol-HydroDelsy | 2025.00
=lstan MNewTechs 2020.00
=lvAROM MewTechs 1.43

9. What are the different “state” indicators for dimensions moved above the data cube, and
what does each indicate?

10. What happens when you double-click on a data cell in the cube?
11. How can you “jump” directly to the process or commodity master?
12. How can you “jump” direction to the RES for a process or commodity?

3. Network Views
1. What are the 3 ways to view the underlying RES connectivity?
2. How can you tell whether a process is output or input normalized?
3. What fuels are used for commercial heating? {Numerous ways to find out.}

4. How many existing power plants consume only natural gas?
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5. How many different “steps” (including X-processes) does goes natural gas go through
before it is consumed in power plants?
4. Pak-IEM Data Queries
1. Which province has the most oil reserves? {Try to draw a bar chart!}

2. How many existing hydro power plants are there? {There are numerous ways to find
out.} What is their total installed capacity? {Try using Excel to total the capacity'}

3. How many cars are in the model?

5. Tools for Examining Results
How do you bring the results into VEDA-BE?

What are the key features available in VEDA-BE for controlling how results are
examined?

N

How is the main VBE form apportioned?

What do the tabs on right correspond to?

What is on the top half of the Process tab?

What three way can you see the “rule” associate with a set?
How can you tell what table a process set is used in?
Global Filters

a) What is the purpose of the Global Filter?

® N o oW

b) What 2 ways can you select elements for a Global Filter?
¢) For what tab do you most often use Global Filters?

d) How can you tell if a Global Filter is active?

e) How do you turn it off, temporarily?

9. How do you set the units for a table? How do you convert them to some other compatible
unit?

10. Create a new Process set comprising all the Hydro power plants. Use it to create a new
table with all the data associated with just those plants.

11. How can you easily view the flows in/out of a process, and cascade through the RES? {2
ways}

12. How can you retrieve multiple tables via a single request {2-ways}

6. Calibration Run Results
What is the total amount of domestic supply (including renewables)?
Which refinery produced the most LDO [NB. changed from LSD]?
How much natural gas is consumed in the power sector?
What is the total installed hydro capacity?
How much electricity is generated from hydro plants in the summer day timeslice?
What sector is consuming the least amount energy, and what is the level?

How much gasoline is consumed in the transportation sector?

© N o gk DR

What is the total energy consumption in industry?
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9. How much electricity is consumed in the commercial sector?

10. What is the price of natural gas in the pipeline, and delivered to the commercial
customers?

11. What is the total amount of domestic oil produced?
12. What is the total amount of imported oil products?

7. Reference Scenario Model Results

This section relies primarily on the use of VBE, in concert with the exporting of the data
cubes to Excel, it identify particular results associated with the Reference scenario,

1. What is the total cost of the Pakistan energy system over the 2040 modeling horizon?

2. By how much does the share of imports in total supply change in 2030 compared with
2007?

3. Which supply option increases the most (ktoe) between 2007-2030?

4. What is the total amount of new power plants built over the entire planning horizon? In
which period prior to 2030 is the most built, and in said period what particular type of
power plants leads the new builds?

5. How much (percent) does electricity generation increase by 2030, and explain the shift in

electricity generation mix between 2007 and 20307?

6. By what year will Pakistan need more then 15Mtoe of additional product output from a
new refinery, and in said year what product dominated production?

7. Which demand sector has the biggest increase between 2007-2030 in ktoe and in
percent of total?

8. Which demand sector consumes the most electricity in 2030 (BKwh), and what
percentage of the total does it require?

9. In which period is total gas consumption the lowest, and what is that value?

10. What is the annual expenditure on the energy system in 2030, and what percentage
increase occurs in the resource supply costs by 20307

11. What is the purpose of the AU_ELC user constraints, and what do the marginal values
tell us?

8. Sensitivity Scenario Model Results

This section relies primarily on the use of Analytics Excel workbook to examine and compare

various model results, while reinforcing how to use the workbook. Setup the workbook to
compare the 4 cases shown below (REF, REF-Best+DR, NoTNH, NoTNH-Best+DR) to
answer most of the case comparison questions.
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r
Scenario Graphs Selection # - —— . . p u
Scenario Scenario Description Graph
P_R-CT €02 Tax ($20-30/ton) ;| B-Ref 1123
P_R-CT-Best €02 Tax ($20-30/ton) with Best | P_R-Best-DR
P_R-CT-Best-DR CO2 Tax ($20-30/ton) with Best + MoreQilkGas = P_R-TNH
P_R-DR More OilgGas P_R-THNC-Best-DR
P_R-EE r Energy Efficiency (15% FE below REF)
P_R-T Limit on Import Infastructure Investments <
P_RIR_r Reduced Imports (15% below REF) |
P_R-NM Nuclear Min Cum Builds (30GW, inc built rates)
P_R-PH Higher Energy Prices ($150/bbl 2030) << |
P_R-RE Renewable Electric Target (15%)
P_R-TD Transmission & Distribution Improvement I
P_R-TN No Thar Coal
P_R-TNH No Thar Coal & Nuclear+Hydro Delay P
P_R-TNH-Best Mo Thar+Delay Nuke+Hydro with Best hd
| 4 > I

Sheet(s) Select Al I Clear Al I

i System Cost
Cost Breakdown
Investment Costs
EB_Supply

Gas Production
Fossil Supply

Imports (by fuel)
Imports_Share

Refinery Output

Refinery Products

Power Sector Investment

Refresh Graph | Close |

Which model run has the lowest overall system cost?
What happens to total imports when for the 3 sensitivity runs?

Which 2 fuel needs to step in for the no/delay cases, by how much in 2030 in the delay
but no Best practices case, and what amount of natural gas is saved under Best
practices and what is the additional renewables in 20307

4. How much is saved starting in 2030 each year on the expenditure for fuel when following
Best practices?

How many GW less new capacity is installed in each of the three alternate scenarios?

How many less GWh of electricity are required per annum under each alternate scenario
in 2025?

Discuss the impact on electricity prices in 2025 for each scenario?

Which sectors increase their consumption of natural gas in response to the delay in the
large power plant projects, and how much more is needed total in 2030 in the delay
scenario without Best?

9. What is the increased renewables to the Residential sector used for?
10. What is the impact of the No Thar/delay on the contributors to CO, emissions?
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B. Answers? to the Pak-IEM Questions

1. Templates
1. In whatfolder does the PIEM_TMPL_<date> RAR file belong when distributed?

The ..\VEDA\WEDA_ Models folder is where the PIEM_TMPL_<date> RAR file should
be saved. Use the Extract Here RAR command to create the folder for the model
templates.

2. How do you change the model you are working with?

By clicking on the MODEL: {Template Path} bar at the top of the FE Navigator, selecting
a model already in the list, or by clicking ‘New’ to browse and select a new model.

X FE Navigator

MODEL: C:\VEDA\VEDA_Models\PIEM TMPL_100330

SubRES [0/1/0/0]
c o || Newlechs |

B-Y Templates [0/7/0/0]

1 [vT_PAK_AGR ) -
| VT_PAK_COM Click on the bar containing

| VT_PAK_ELC the address of an opened
| VT_PAK_IND model

CAVEDAVWEDA,_ModelshPIEM_TMPL_100720
CAVEDAVWEDA_Models\KFEEM_THFL_100823
CAVEDAVWEDA_Models\ KFSEM_THPL_100820
CAVEDAVWEDA_Madels\ TIMES_DEMO

Check the list of the models.
If model found, select it or
click on the NEW tab

This will open the
VEDA_ Models folder and
from there, select the model
desired.

= ‘ Delete Cancel ‘ ‘ Ok

3. How many different groups of workbooks does VFE handle?

Seven, as indicated by the blue bold headers on the FE Navigator (see below). [Note
that Pak-IEM does not use groups 6 or 7.]

9 The answers provided in this Exercise Solutions document are based largely on a successful and very comprehensive response by the PAEC members of

the Planning Team. Note that examples and in particular results are only illustrative as the model is constantly evolving.
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X FE Navigator

MODEL: C:\VEDA\VEDA_Models\PIEM_TMPL_100830

B-Y Templates [0/7/0/0]
[ [WT_PAK_AGR

LI VT_PAK_COM
Ll VT_PAK_ELC
i VT_PAK_IND
5 vT_PAK_RSD
Ll VT_PAK_SUP
i VT_PAK_TRN

~ Re-Imp [Sec] ¥ v Re-I

B-Y Trans and SysSettings

BY_Trans - B

Scenarios [0/26/0/0]
i [Pol-BudgetLimit \
- Pol-CO2AnnLimit
Pol-CO2CumLimit
Pol-CO2Tax
Pol-DomReserveCum
Pol-EnEfficiency
Pol-HydroCostinc
Pol-HydroDelay
PoHmportDependency
Pol-NoNukeCoal
Pol-NuclearCostDec

Pol-NuclearCostinc
Pol-NuclearDelay
Pol-NuclearForceCum
Pol-PriceHigh

T T o e e

=

SysSettings &

ALL OK

SubRES [0/1/0/0]

7N\

C 11 ||[NewTechs ! 4 ,

O New

Demand Scen [0/4/0/0]

= ||Dem_AIID|:+SEries

EView >~ ~ All ggle
5

|| DEM_PIEMLow
Il DEM_PIEMMed
|-l DEM_PIEMRef

CiNew  EView

Trade Scen [0/0/0/0]

CiNew = View

AFS Scen [0/0/0/0]

«A..@
(7)

< Al

7

N S |

Seven

CiNew ¥ All

Legend

Not Imported Consistent

Groups of

workbooks

handled by VEDA as represented with
numbers.

are

to Delete

File Missing

File Open

4. How do you open the folder associated with a template group?

By clicking on the blue bold header above the group window.

5. In which workbook are the model regions, sectors, periods and timeslices defined?

SysSettings.xls.

6. How many Base Year templates are there in Pak-IEM?

Seven, representing the number of different sectors, and as can be seen in workbook

group 1.
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X FE Navigator

MODEL: C:\VEDA\VEDA_Models\PIEM_TMPL_100830

B-Y Templates [0/7/0/0] SubRES [0/1/0/0]
[ [WT_PAK_AGR | C I [ NewTechs |
- WT_PAK_COM
i VT_PAK_ELC
11 WT_PAK_IND — |
L ¥T _PAK_RSD m——————— | Base year templates
e LR S shown here in Pak-IEM
1 WT_PAK_TRN
ONew —E=IView > < AT TET0G0E
Demand Scen [0/4/0/0]
= ||Dem_AIID|:+SEries |
|| DEM_PIEMLow
|-l DEM_PIEMMed
+ Re-Imp [Sec] ¥ v Re-Imp [Reg] || DEM_PIEMRef
B-Y Trans and SysSettings
BY_Trans v |E]  SysSettings ] ALL OK DiNew Eview Al
Scenarios [0/26/0/0] Trade Scen [0/0/0/0]
i [Pol-BudgetLimit | -
5l Pol-CO2AnnLimit ]
1 Pol-CO2CumLimit |
| Pol-CO2Tax
-1 Pol-DomReserveCum
"1 Pol-EnEfficiency
| Pol-HydroCostinc &\
-1 Pol-HydroDelay D New =i Al
"1 Pol-lmporiDependency AFS Scen [0/0/0/0]
-1 Pol-NoNukeCoal
-1 Pol-NuclearCostDec
"1 Pol-NuclearCostinc
-1 Pol-NuclearDelay
-1 Pol-NuclearForceCum
"1 Pol-PriceHigh -
ONew YAl ONew Al
Legend
Not Imported Consistent _ to Delete File Open

7. What sheets contain the declarations for the RES components?

Processes and Commodities.
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Da) H9 5&@ ¢ = VT_PAK_AGR [Compatibility Mode] - Microsoft Excel
o
- Home Insert Page Layout Formulas Data Review View Add-Ins
= & o= = ) A
Calibri |11 - |[FAS ||| (== || 2 -| =" Wrap Text General - ﬂ ﬁ:‘L |
. 2 a > ¥
Paste ¥ B o u -|[# |- A= = =|2E =| EEMergea Center - ||| $ - % 1 || %8 28|/ Conditional Formatas Cell
- = Formatting ~ Table - Styles -
Clipboard ™ Font I Alignment I Number El Styles
 m o&
A B e D E F G H [} J K L M N

I Sector fuels I Technology type I Energy Service demand

1

2

3

a4

2 Tractor haulage

7 Tractors (small)  ——————— (Useful energy, P1)

8 High Speed

9 Diesel (HSD) [ Tractors (large) ——

11 Field Machinery

Tractor farm
operations (Useful
energy, PJ)

1 HSD Tubewells

Tubewell / lift pump
water pumping

17 Light Diesel Qil LDO Tubewells (Useful energy, Pl)
18
(LDO)
= LDO Other | 0000
= ——= ELCTubewells
;2-: Other AGR energy
27 s ELC Other use (USE;IJJ; energy,
28

30

x Commodity  and
33 Process sheets

34

35

36

37

M4 >7 L VLegend RES ) dities Agriculture Sector_Fuels Emissions - Demands x|

8. What is the role of ~FI_T in the templates? What is to the left (and to the right) of ~FI_T
beginning on the row below the header and comment line?

This is a VEDA Flexible Input Table flag indicating that this table is to be loaded into
VEDA-FE for use in the model. To the left of ~FI_T beginning on the next row is the
qualifier fields identifying an individual model component, and to the right are the model
attributes.

9. How are units entered into the model? Show the units for any technology in VEDA.

Units are entered in the process and commodity definition sheets. However, the units are
NOT managed by VEDA or TIMES and are thereby essentially comments. The user has
the full responsibility to set the actual units for each attribute and to ensure that all data
entered into the model templates is consistent with those units.
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~FI_Process
Sets " TechName TechDesc Tact Tcap Tsh  °  PrimaryCG Vintage ™
Timeslice Operational
il Set Technology Activity Capacity Operational Commodity Vintage
Membership Name Technology Description Unit unit Lewvel Group Tracking
PRE HAGRHSDO0  [#REF) PJ PJa
HAGRLDOOO Existing Fuel Tech - Lt Diesel (AGR) PJ PJ
HAGRHFODD Existing Fuel Tech - Heawy Oil (AGR) PJ Pﬁ'\ .
WAGRELCOO  |Ewisting Fuel Tech - Electricity Distributed (AGR) PJ PJa  DAYMITE Units used for
HAGRBIOND Existing Fuel Tech - Biomass (AGR) PJ Fla technologies
DmD AWPLDOTE Agriculture Water pumping, Lt Diesel, existing FJ PJa
AWPHSD1E Agriculture Water pumping, Diesel, existing FJ PJa
AWPELCIE Agriculture Water purmping, Electricity Distributed, exi FJ L]
ATHHEDME Agriculture Tractor, Diesel, existing - =55hp PJ PJa
ATHHEDZE Agriculture Tractor, Diesel, existing - =5ahp FJ FJa
ADEELCTE Agriculture Other Use, Electricity Distributed, existing PJ PJa
ACELDOME Agriculture Other Use, Lt Diesel, existing PJ PJa
ACEHFOME Agriculture Other Use, Heawy Qil, existing FJ PJa

10. Which templates contain the power plants, refineries and cars, respectively?

For existing technologies, these are characterized in the VT_Pak ELC, VT_Pak_SUP
and VT_Pak_TRN templates, respectively. For new technologies they can be sounds on
associated sheets in the NewTechs SubRES file.

11. What are the 4 ways to make changes in a template?
a) Directly in the template via Windows Explorer.

b) Opening the template via VFE Navigator.
c) In VFE Browse, use Direct Edit.

d) In VFE Browse double-click on the value you want to change and make the edit in
the template.

12. For each of the 4 ways to make a change in a template what must you do to have the
change entered into the VEDA Database?

a) Save and refresh the FE Navigator (using F5), then click on the SYNC button.

b) Save and refresh the FE Navigator (using F5, if necessary), then click on the SYNC
button.

c) Nothing, the change is applied to the template and database.

d) Save and refresh the FE Navigator (using F5), then click on the SYNC button.

2. Browse
1. What is the difference between the 2 views for examining the data via Browse?

TIMES-view will name attributes as used in TIMES, whilst VEDA-view will use the VEDA
specific naming convention as found in the templates. Most often for Pak-IEM the user
will work with VEDA-view. The one exception is when needing to examine User
Constraints (UCs).

2. How many selection criteria windows does Browse provide? Which ones are used most
often and for what purpose?

There are 6 selection criteria windows, as indicated by the bold headers and associates
list of items in the Browse view. The Process window is used most often to view the
information associated with a single technology or group of technologies.
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EE Veda View

T ACTCOST
WACTFLO

=, Select processes...

[Ihchude elements where ]
Short Mame ||

& oand O 0 [TA0EHFDIE
o " | |7 a0EHFoN
[1A0ELDOIE

[IA0ELDOIN
|(" Staiting With ¢ Argwhere © Exact | [ ATHHSDE

[[JATHHSDAN
E xclude elements where [JATHHSDZE

Shart Mame |

& and O I Show Description

Long Mame I Select &l Unselect &l

 Starting With ¢ Anywhere  Ewact |

Long Mame |

3. What are the 2 ways to limit the lists in the Browse selection windows?
a) Using the drop down lists below the selection windows (see “B” above).

b) By right clicking (or pressing [F3]) to bring up the search selection window and
choosing the desired items via a “rule” (see “C” above).

4. What are the 2 ways to select items in the lists?
a) Checking an item directly (see “A” above).
b) By using the search function (see “C” above).
5. How can you tell how many items are currently selected in a list?
By looking at the bracketed number by the selection window header.

| TMEHSDN .
31 ltems are selected.
I TRFHSDIE :

] TRFHSD1N

w| TRPELCTE

| TRPELCTN

6. What is, and what is the importance of, the SnT reference at the very top of the VFE
form? How is it associated with VFE?

The SnT reference is located on the Menu bar to the right of the VFE version number, in
faded text. The SnT file contains all of the Sets and Tables used in VEDA-BE, and for
Pak-IEM this should always specify VEDA_BE\Databases\PIEM_VBE\Veda_SnT.Mdb.
These Sets can also be used as filters for the Process and Commaodity lists, and as sets
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7.

8.

in the templates when specifying qualifiers in Scenario files. It is associated with VFE by
means of the Tools/User Options/File Location.

VFE [PIEM_TMPL_100830]-4.3.3202: TIMES Model
File Basic Functions Advanced Functions Tools ShortCuts Window Help ** Version 4333 Available **

What information does the YEAR-0 column handle?

Interpolation override for the associated attribute. [This is most often specified for bounds
and User Constraint RHS to extend values out over the model horizon (e.g., 2 if 0 going
forward, 5/12 to keep the same value (see the discussion of Interpolation Rules Section
I1.D.2), though many other instances may also occur.]

What are the qualifiers for each row in the Browse table below?

a) Process, which currently shows the new hydro plant — Akhor.
b) Attribute, which list all the attributes specified for this process.

c) Scenario, which specifies the template where the data originates.

*BD*JRegionJ’”TS*J*Cun"‘J*Sedar"J*SheetName*J
Year |
Process Adtribute Scenario B |D |EDD?
SIERHYDDAM-Akhor-N | ZlAFS NewTechs 162
ZICAPZACT  |NewTechs 3154
ZlCaP BND  |NewTechs 0.60
SysSetings 15.00
SIDISCRATE |NewTechs 0.10
ZlIEFF MewTechs 0.34
ZIFOM NewTechs 53.19
SlINYCOST  |NewTechs 5176.47
PolHydroCosting hEH41E
ZlLife MewTechs 50.00
=INCAP_ILED |MewTechs 400
=IPEAK, NewTechs 1.00
SISTART  |PolHycroDelay | 2026.00
=stan MewTechs 202000
ZlVAROM  |NewTechs 143

9. What are the different “state” indicators for dimensions moved above the data cube, and
what does each indicate?

a) * — where multiple values are contained, and the aggregate of these values

displayed.

b) ~ — where elements have been removedffiltered from the full list.

c) None — where there is a single value only.

10. What happens when you double-click on a data cell in the Browse table?

That depends whether VFE is in Direct Edit mode or not.

a) If not in Direct Edit mode — the associated template is opened at the corresponding

cell.

b) In Direct Edit mode (the data cells will be colored yellow) — a dialog box appears that
permits editing the value directly in the database and simultaneously updating the
corresponding location in the template. Direct edit provides the option of retaining the
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previous value and including a comment. [Note that if the corresponding cell contains
a formula the user is given a warning.]

11. How can you “jump” directly to the process or commodity master?

Right click on the process or commodity name, and select “Process information” or
“Commodity information,” respectively.

12. How can you “jump” direction to the RES for a process or commodity?
Right click on the process or commodity name, and select “Goto RES”".

3. Network Views
1. What are the 3 ways to view the underlying RES connectivity?

a) Press F8 or via Basic Functions select RES or via right mouse in browse select Goto
RES.

b) Use the Process Master to see the flow in/out of a process.

c) Use the Commodity Master to see all the producers/consumers of a commodity then
cascade through the RES by clicking on the commodity/process of interest.

M Process Master

o Process Information T Data T All Processes
MINBIOWDF -~
MINBIOWDP 5 -
MINCOADB PREF-Atto--E
MINCOADH [Attock Refinery]
nggﬁg;" Scenario BASE
MINCOADR LEALTT L
MINGASRAW-Balll Exist in PAK
MINGASRAW-NWFI Type PRE
MINGASRAW-NWFIL Activity Unit P
MINGASRAW-PunI Capacity Unit  Pla
MINGASRAW-PunIl = FRE
MINGASRAW-SINII = = A=
MINGASRAW-SInIII Tl.mesllce LVL ANNUAL
MINGAS-SHALE-N Vintage False
MINNUC PCG PREF-Atto--E_NRGI
MINOILCRDD-Ball
MINOILCRDD-NWFI OILCRDD OILAVG
MINOILCRDD-Punl OILCRDI OILGSL
MINOILCRDD-SinI OILHFO
MINRNW/HVD o1LHSD
MINRNWMSW v OILKER
OILLDO
AL | OTLLPG
—~ — Rorue
GASNGL
Close
HENV BMAT BENRG EDPEM FIN PCG Displaying for Region: ALL

2. How can you tell whether a process is output or input normalized?

By checking the Process Master to see whether a process input or output commodity(s)
has been defined as the Primary Commodity Group, as indicated by the PCG members
in yellow.

3. What fuels are used for commercial heating? {Numerous ways to find out.}

Gas, LPG, and electricity, as identified through the RES or Commodity Master (shown
below).
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| 28 i

CH
Commerdal / Other Govt - Space Heating

comnodity: |EIN

CHELC-E
CHELC-N
CHLPG-E
CHLPG-N
CHNGA-E
CHNGA-N

4. How many existing power plants consume only natural gas?

Fifteen (15) as identified using the “search” function in Browse, shown in the figure
below. Note that the search criteria used also brings up X processes which needed to be
excluded. Another method would be through using the Commodity Master for ELCNGA
and identifying process names with just NGA and not ending in N.
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legion Process

AOEELCIN
AOEHFOTE

AOEHFOTH
A0ELDOTE

AOELDOTM
ATHHSDE
ATHHSD1M

= Select processes...

Commodity Attch

AGRCOZ
AGRELC
AGRHFD
AGRHSD

Al Include elements where o _—~—
&
Short Mame |E|_|:Ng,a,

& And O Or

Lang M ame |

7 Starting with ™ Argwhere O Exact)/

Exclude elements where A/ |

Short Hame  [EL CNGAHFO|
& And O Or

ETELCHMGA-GUD-I-CCP
ETELCHGA-GUD-I-CCF
ETELCMGA-GUD-IW
ETELCHGA-Hab
ETELCHGA-Kor

[ Show Desggbtion

Long Mame | Select All Unselect All |

click

search.

In VEDA, right click on
PROCESS and select
In the box of
Include Items, |
“ELCNGA” and in the
z Exclude box

“ELCNGAHFO”

Select All
as shown.

/ Done

" Starting with ™ Arpwhere  © Exact |

/
/j

v Make Incremental Selection

Drone!

5. How many different “steps” (including X-processes) does goes natural gas go through
before it is consumed in power plants?

Three “steps” or processes: extraction, shown by the IMP and MIN processes producing
GASRAW; the pipeline network processes, which produce GASNGA; and the sector
distribution processes (X-<sector>NGA), producing the sector-based NGA commaodities.
This can be examined via RES or Commodity/Process Master. (See RES example below

- click on the commaodity to cascade to the next one).

UC_Lirnlrmpoart

Commodity: GASRAW
P E—

_ ]
— |l
PINDNGAR

PINGAS FAN-B

consoity: |
P R
jaua

—t NETWRKGAS-N

peomnin

[XTRMNNGA
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SL_COMNGA A
SL_REDNGA
SL_TRMNMNGA
S CORMGA

comnodity: I

——
=

_ QNGACCH
TNGACC-Bin-
TNGACC-FABI
TNGACC-Fau-g
TNGACC-GUD
TNGACC-GUD
THGACC-Haro
TNGACC-HKaH
TNGACCKOTI
TNGACC-Lib-
THNGACC-

THGACC-Fus-H

m m m m m m m m m m m m m m m
= =
=z =z
o o
I =
m o
= &
7] b
T g
o il =il =] =] T

THGAGT-Alst-H

4. Pak-IEM Data Queries
1. Which province has the most oil reserves? {Try to draw a bar chart!}
Sindh (at 926 PJ) - see figure below.

‘ [l|Graph L : g@@
e ik B2 BN L

Provincewize Crude Oil Reserves

“Seenaiin’ [AmpExp® [ *Commodi® _[*e

Year | 1000 1000
Process Region |- |D o00 | aon
EIMINDILERDD-Bal  [PAK 217
ZIMINDILERDD-NWFI [ PAK 50431 S0 | 200
ZIMINDILERDD-Punl_[PAK £57.1
EIMINDILERDD-Sinl  [PAK 3:m78 700 + 700

GO0 - GO0

A00 r A00 MIMOILCRDD-Ball-PAK

400 - r 400 [l MOILCROD-NFI-PAK

300 4 oS00

MIMOILCRDD-Punl-PAK

200 r 200

B MINOILCRDD-Sinl-Pak

100 r 100
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2. How many existing hydropower plants are there? {Numerous ways to find out.} What is
their total installed capacity? {Try using Excel to total the capacity!'}

There are 14 existing plants, totaling 6.46 GW. Use the PP_HYDRO set (as shown
below) to limit the selection list to hydro plants and select the Stock attribute under the
Attributes qualifier to see all the base year values. One can then use a right click or [F7]
to Copy then paste the data to a spreadsheet, or export the data to a spreadsheet and

calculate the sum.

@ VEDA Front End-4.2.585: TIMES Model - [Veda View]

[ Global Filter for Regions :
28148 Views " =X

(14 Records) Ready

[=1] Fle Basic Functions Advanced Functions Tools ShortCuts Window Help *=* Version 42565 Avaiable ** - |5 x
Scenario Region Process Commaodity Attribute (1) Others
Share+ ~ ﬂ
DEM_Fief ERDAMHYD-Cha AGRCOZ Share-l
NewTechs01 ERDAMHYD-Chi AGRELC Share-0
SysSettings ERDAMHYD-Dar AGRHFO START
ERDAMHYD-Gha. AGRHED Fl=tock
ERDAMHYD-Kur v AGRLDO v WVAROM v
[l ~| | [PP_HYDRO ~ e ~ e ~|
YearJReganScanarloJ
Adtribute|Process Sector_|Sheettame | valField|
Slstock  [SIERDAMHYD-Cha |2IELC  |Exiging_PP INEE -
SIERDAMHYD-Chi |ZIELC  |Existing_PP 0.00
=IERDAMHYD-Dar |ZIELC Existing_PP 0.02
SIERDAMHYD-Gha | 2IELC  |Existing_PP 1.45
SIERDAMHYD-Kur |ZIELC  |Existing_PP 0.00
=ZIERDAMHYD-Mal |ZIELC [Existing_PP 0.00
SIERDAMHYD-Man| ZIELC  |Existing_PP 1.00
=IERDAMHYD-Nan | ZIELC  |Existing_PP 001
=IERDAMHYD-Ras |ZIELC  |Existing_PP 0.02
SIERDAMHYD-Pen | ZIELC  |Existing_PP 0.00
=IERDAMHYD-Sha |=IELC  |Existing_PP 001
=ZIERDAMHYD-Tar |ZIELC  |Existing_PP 3.48
SIERDAMHYDAWar | ZIELC  |Existing_PP 0.24
=IETELCHYD-Jag |=IELC  |Existing_PP 0.03 -
4l jJJ

Direct Edit ‘ Erowse

PIEM_TWPL_030315 Tuesday. October 13, 2009, 10:14 Phd

Pagefields: REGION: PAK; *SCENARIO*: BASE, NewTechs-v01; *OTHIND*: -, _CommGrp_MISSIN(

Process Attribute Commodii BD TS
ERDAMHY Stock - - -
ERDAMHY Stock - = -
ERDAMHY Stock - = -
ERDAMHY Stock - - -
ERDAMHY Stock - - -
ERDAMHY Stock - = -
ERDAMHY Stock - = -
ERDAMHY Stock - - -
ERDAMHY Stock - - -
ERDAMHY Stock - - -
ERDAMHY Stock - = -
ERDAMHY Stock - - -
ERDAMHY Stock - - -
ETELCHYD Stock - - -

Sector
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC
ELC

3. How many cars are in the in the base year model?

Curr

SheetNam 2006 (ValFi
Existing_P 0.18
Existing_P 0.00
Existing_P 0.02
Existing_P 1.45
Existing_P 0.00
Existing_P 0.00
Existing_P 1.00
Existing_P 0.01
Existing_P 0.02
Existing_P 0.00
Existing_P 0.01
Existing_P 3.48
Existing_P 0.24
Existing_P 0.03
6.46

There are 1,872,215 cars. This done in Browse by selecting the Attribute Stock, selecting the
process set TCARS and setting the process set filter to exclude any short name containing “-
N”. The resulting table can be exported to Excel and the stock values summed.
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Pagefields: REGION: PAK; SCENARIO: BASE;

Attribute Process

Sector SheetNamel\Year 2006 (ValField)

Stock TCAGSL1E TRN Transportation 25570
Stock TCAGSLCN TRN  Transportation 1342 472
Stock TCAHSD1E TRN Transportation 8411
Stock TCAHSD2E TRN Transportation 189 .99
1872.22 Thousand

5. Tools for Examining Results

1. How do you bring the results into VEDA-BE?

Press [F7], or hit the red book icon up top, or select “Results” in the toolbar, then
“Import/Archive....”. Make sure that the correct path is set via the “Manage Input Files
Locations” button; this should point to the GAMS_WTrkPIEM (or GAMS_WTrkTIMES)
folder where the model results are located. The figure below shows the Import/Archive
window and model run listing, along with the File Location list.

™

Impaort ( Delete T

Delete Source

Files

T Archive Retrieve

x|

W |nput Files Locations... E -
r Scenario | ast Imported Date/Ti
¥ |B-Ret_0830g-3 CAVEDAW eda FEYGA) |C WEDAVWeda_FEAGAMS_WREPIEM 08/2010 07:58 T
o |B-Ref_0830g-2 CAVEDAWeda_FEVGA CvArenarvE GAVE. WikUsors 0§/2010 07:32
1 |B-Fet_0830g C.\\/EDA\Veda_FE\GA CAVEDA Veda, FELGAME, WRKKPSEM 072010 21:01
1 |B-Fet_0720-01gg CAWEDAVWeda FEYGA Lo =
mC\VEDAYYeda_FENG KPIE R
o |B-Ret_0720-01il-2 CAWEDAVWeda FEYGA)
o |B-Rei_0720-01-2 CAVEDAVWeda_FEVGA
1 |B-Fet_0720-01di CAVEDAVeda_FELGA
1 |P_DR-TN-HD_0720-01 CAWEDAVWeda FEYGA
1 |P_DR-TH_0720-01 CAWEDAVWeda FEVGA
o [P_DR-TC_0720-01 CAVEDAVWeda_FEVGA
1 |P_DR-RE_0720-01 CAVEDAVeda_FELGA Select All | Unselect All ‘
1 |P_DR-PL_D720-01 CAWEDAVWeda_FEYGA
o |P_DR-PH_D720-01 CAVEDAVWeda FEVGA| | Include Subdirectories
S |P_DR-MM_0720-01 CAVEDAVWeda_FELGA
o [P_DR-ND_0720-01 CAVEDAVeds FEVGA|  Add Path Del Path | Continue
o |P_DR-NC_0720-01 CAWEDAVWeda_FEYGA
1 |P_DR-HD_0720-01 CAWEDAVWeds FEYGAMS_WRKFIEMYP_DR-HD_0720-01.%D 07/26/201017:48
o |[P_DRAR_0720-01 CAVEDAVWeda FEVGAMS_WRKFIEMYP_DR-IF_0720-01.5D 07/26/201017:48
o |P_DR-EE_0720-01 CAVEDAVeda_FE\GAMS_WRKFIEMYP_DR-EE_0720-01vD 07/26/201017:47 -
0T N
| Selective Import
| Manage Input Files Locations 0K Cancel

Tables and Sets.

The left shows the current table definition and the right the individual tabs comprising the

How is the main VBE form apportioned?

results data component indexes and their associated lists.

What are the key features available in VBE for controlling how results are examined?
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{8 VEDABE: [PIEM_VBE] -4.8.72: TIMES

Fle View Table Sets Resls Took Hep
Das @EQA SR20E 4R

Tabile dufinition (WAl Tables) [ Wintags I TimaSkce [ UseConswmnt | Seanaio 1

10_Powsr Plerts Capach, [ g T i o ) FroEeTe Y R T o o
e Tty Caecly Code | Vaxda Descrption - &
7% oo ASH.GTHER —[ober_ el
& Commadity AGR_TRACTOR | Tractors
@ Frocess AGFWATER | Wt pumping :
@ Panod CAPTIVE_ALL Captva gonorssian plast in industry
® Regian CAPTIVE_ICT |Cagtive gan in cament sectar <
® Vinage r-.]vmm e Pt s P :
q . 5
® Timeslics el
Code +| Original Desenpbon -l
ADFELCE ‘Agriculturs Other Uisa, Elechicity Distibuled, exsting e
ADEELCN Maw Agnculture Tach - Cther Use. Electncity Distibuted
- @ ProcessSel ADERFO-E Agriculture Cther o
@ PP_MTY ADEHFO-N Maw Ariculture 38, Heavy il
B AOELDOE | Agriculure Gther Use, Lt Drssl, existing
@ b Faw Agriculture Tach - Other Usa, L Dinsal
: ;:1': ::\.: | Agncullure Tracioe, Dsel. gnsting cembings
@ PP _HYDROD Firw Adgiculture Toc Distel Combings
@ PP_NUCLE
@ PR_OL

® PP_RENEWNOHYDRO)

ATHHEDSN
AWFELCE

Agricultura Wtar

AWFELCEN | Poew Agnculture Teech
AWFELCH Haw Agriculirs Tach - Wister pumping
AWPHIDE Agpiculture Weter punping, Deisal srsbig
0 Fowar Fiars Capachy AWFHEDEH Fiarw Adgiculture Tach - Wtar
| AWPHED N Mew Agiiculture Tach
AWFLOOE agiculture Wener pumping,
o 5 AWPLDON Hoe hure ; .
- CIFI CaF Crwmenisrial hir (3 =8 ey
[ Include Null L | | H
Haw Tabia | : |
[ View Tabils(s) | | = Global Fitter Applind For: Scanntio - B-Raf_u830g, B-Ref_aB30g-2, B-Rel_0030q-3
Rendy Admin | Datoase: PIEM_VEE ‘Wednasday. September 22 2010 2216

4. What do the tabs on the right correspond to?

The Attribute tab identifies the various result attributes from a model run. The Scenarios
tab lists all the model runs currently contained in the VBE database, while the rest of the
tabs correspond to the indexes into the various model components, e.g., commodities,
processes, etc.

5. What is on the top half of the Process tab?

Process sets, where those in white are the TIMES standard sets, while those shaded are
user created.

6. What three ways can you see the “rule” associated with a set?

Place the cursor over the set name, right click on the set name and select Edit/View set,
or select Sets/Edit Sets from the menu and navigate in the drop down bar to the specific
set to view. [Make sure that you first select Process or Commodity up top in the Set
selection form.]

7. How can you tell what table a process set is used in?
Right click on the set name, and select “Used In Tables.”
8. Global Filters
a) What is the purpose of the Global Filter?

This enables the user to limit the results to just those selected without having to
move said elements into the table definition.

b) What 2 ways can you select elements for a Global Filter?

Press Ctrl-click on an element to add/remove an element from the global filter, or
right click on the element list and select “Global Filter” to pick the desired elements

c) For what tab do you most often use Global Filters?

Scenario.
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d) How can you tell if a Global Filter is active?

A ticked text box will show at the bottom of the VBE main form indicating what is
included in the Global Filter.

LAaHLESLUS laazalne Lar - Dual made - NEW
CCELCIE Commercial _ Other Gowt - Space Cooling, Electricity Distriby
CCELCIN Mew Commercial _ Other Govt Technologies - Space Coolin
—;| CHELCIE Commercial _ Other Gowt - Space Heating, Electricity Distrib
KN
Agaregation ‘
“ahlels] ‘ [+ Global Filter Applied For: Scenario - PIEM_090915

e) How do you turn it off, temporarily?
Un-check the tick box.

How do you set the units for a table? How do you convert them to some other compatible
unit?

Below the Table Definition window, there is a “Unit” selection box, where units can be
selected from a drop down list. Use the Tools/Units manager to enter alternate units and
provide the various conversion factors from other units.

W Units 5 @@
OB X 2 M
Unit Mame ‘ U.m.tDescr.\plmn. -~ Unit Mame |PJ
Brvkm Eillion wehicle kilometers
Cents per Kwh Cents per Kwh Uit Bz
Euro per GJ Euro per GJ B Peta Joules
Euro perkg Euro per kilogram
Euro petton Euro petton .
W Giga Watt Conversion Factors J
Giivh Givh % [p473734072 = [oBw =]
Kt Kilo Tons
ktoe Kilo Tans Oil Eg © x [0277777777 = |[Bilionkwh ]|
M Euro Millian Eura
M$ Million US dallar % |U 047373407 = |TBtu ﬂ
M$07 Million 2007 US dallar
307 perlnit Iillion 2007 US dollar f unit ~ |277_??777?? - |GWh ﬂ
MEUS Million IS dollar
Mt Million Tons % 2262293938 = [Mioe |
Mtoe Million Tans il Eg
mivkm Million wehicle kilometers J
et loules Add Factor | Delete Factar ‘
OBty Cuad Bty
TBtu Trillion Btu 2
Update Unit Info |
< >

10. Create a new Process Set comprising all the Hydro power plants. Use it to create a new

table with all the data associated with just those plants.

Navigate to Sets/New (or press F6). Then select “Process” in the drop down box at the
top of the window. In the set definition box, put ERDAM* in “Code is Like” or ELCHYD for
the input commodity. Then click on Shortlist to see the qualifying elements, and if correct
click “Create set” at the bottom right of the screen, which will bring up a box for entering
the name and description of the new process.

To create a new table with this set, select New table under Table Definitions, go to the
Process tab and double click on the new set (PP_HYDRO (or PP_HYDRO? if it already
exists)), and click View Table. That will open a box where you can enter a name for the
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table. Once in the cube view, the table layout can be arranged to the format needed and

that table layout saved.

& Create New Sets - [Process] =] 7|
Process 2 ”EX@- 7 68 | & ‘7
Include: Existin Sets 1] | Exclude: Do not Exist in Set: i Gtz I iz D1z il [
x| 34 x| 4 Mew Hydro Power Project Akhori
CODE DESCRIFTION CODE [ DESCRIPTION ~ Mew Allej Khwar - DA -
L] DOM-SUFFLY  Domestic supply CIAGR_OTHER | Cther Mew Hydro Power Project Basha -
Ooumime Durmrny Impors OAGR_TRACT . Tractars Mew Hyelro Power Praject Bunji =
[FELE Electic Fower P CJacr wATER | water pumping — Chashima - DAM =
OeLecoa coal power plant: Ocre Coupled HeatsP Mew Hydro Power Project Dasu L
OELewan \Wind Power Ocom_cool  cadling Mew Hydro Power Praject Diamer Bas B
DEXﬁTRN Existing transpor: DCOMfELCAPP Elec Appliances Mew Duber Khiwsr - DAM [—
DGASP\P GASPIP DCOMfHEAT Heating New Hydro Power Project Dudhnial |
Ocrios Electricity Grids CJcoM_LGHT | Lighting Ghazi Barotha - DaM -
D MP Imports D COM_OTHER | Other MNew Hydro Power Project Golen Gol —
O mP_NFR Large Import Infr O cOM_REFRIG | Psfrigeration Mevw Hydra Power Project Harpo =
DIND_BR\CK Brick proceszes DCOM_WATH. “Water heating Mew Jinnah - DA B
CIND_CEMENT  Cement procass. Ocd setname e Project keyal Kwa B
CJIND_FERTILL.. | Fertlizer proces.. Oo pr-DAM B
OND_RON 185 processes Con Description [a]l Fycropowsr Plants =] [ FrojectKahala L
CIND_OTHER | Gther ind praces. Oo |=]| frer Project Kurram Tan |
CIIND_SUGAR. | Sugar processese Oo er Project Lawi -
< S P Comment | =] er Project Lower Spai |
[ rlil- DAM -
Code is like Code i |
2 CANCEL
IERDAM —I et Project Muncla —
Description is like Diescri lurn - DAM —
MNew Hydro Power Project Palas Vall [
Input comrmodity is like Input cornmadity is nat like Mew Hydiro Power Praject Phandar :
New Hydro Power Project Skardu
New Hydro Power Project Tarbel 4th
Qutput commadity is like Output commadity is not like Tarbela- Dk :
New Hydro Power Project Thakot [
Use to shortlist Use to shortlist MNew Hydro Power Project Tungas —
® AND (" OR ® AND (C OR \Warsak - DAM |
H MNew Hydro Power Project Yugo —
MNew Hydro Power Project Yulbo —
Shartlist —
Farent Dimensian SelectAll | Unselect All | —
Region PAK = = -
’7 _I — Create Set | Close |
I ‘ | T FE —
3 vEDABE-[PIEM_VBE] -4.8.705: TIMES (Ol x|
File Wew Table Sets Resultls Tools Help
Duls BRA|la2EHm S 5 |
i Table definition (Analysis Tables) ( Vintage T TimeSlice T UserCanstraint T Scenario ]
|<NeWTab\e> LI Adribute T Commaodity T Process T Period T Fiegion I
<NeWTab\e> Code | Original Description :I 4
-@ Attribute
FPFP_GAS Gasired Power Flants
-@ Commodity
FFP_HSD Diesel generators _I
FP_HYDRO Hydro Plants
PP_| O
PP_HYDRO(PHN) Planned new Hycro LI
. Code #|Weda Description Al
-® UserConstraint *
@ SE;;ES e ADEELC-E Agriculture Other Use, Electricity Distributed, existing :l
CommaditySet ADEELC-N MNew Agriculture Tech - Other Use, Electricity Distributed
ProcessSet ADEHFO-E Agpriculture Other Use, Heawy Qil, existing
ADEHFOMN Mew Agriculture Tech - Other Use, Heawy Qil
AOELDO-E Agriculture Other Use, Lt Diesel, existing
ADELDO-N MNew Agriculture Tech - Other Use, Lt Diesel
ATFHSDCE Agriculture Tractor, Diesel, existing combines
ATFHSDCN Mew Agriculture Tec, Diesel Combines
ATHHSDLE Agpriculture Tractor, Diesel, existing - >55hp
ATHHSDL-N MNew Agriculture Tec, Diesel >55hp
ATHHSDS-E Agriculture Tractor, Diesel, existing - <55hp
<MNew Table> - ATHHSDSN Mew Agriculture Tec, Diesel <65hp
AWPELCE Agriculture Water purnping, Electricity Distributed, existing
J AWPELCE-N Mew Agriculture Tech -Water pumping, Electric- High Eff
Unit: lﬁ AWPELCN MNew Agriculture Tech -Mater pumping, Electric - Standard
E -
AWPHSD-E Agriculture Water pumping, Diesel, existing
-
[~ Include Null i I o |
Mew Tahle | on |
| View Tanle(s] | [+ Global Filter Applied For: Scenario - B-Ret_0715-01
|Ready Admin |DateBase: PIEM_VEE [Wednesdey. September23. 20101238
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1 veda Tables - [T_9292010123634PM] (=]
=] ==l
W BBzt oy Xwes @ sk {Y-e-(2-550|8 |

|“’"TEMPORARY MAME... This table will not be saved unless the name is modified == 'j’

Original Units: PJ  Active Unit | ~| Data values filter: N

2007 2010 2014 2017 2020 2023 2026 2030 ‘

=IERDAMHYD-Akhor-N EN PAR_CaplIP| ) - - ~ ~ ~ 0.0 00 0.60 ﬂ
VAR Mcaph - ~ - ~ ~ ™~ 3443.46| 311329 305882
=l ERDAMHYD-Alla-Pr B Cost_aAct ~ ~ ~ 308 3.08 3.08 308 308 3.08
Cost_Form ~ ~ ~ 644 6.44 6.44 644 b.44 B.44
Cost_lnw ~ ~ - 6.69 6.69 6.69 6.69 669 .69
Cost_Sak 15.28 - - - - ~ ~ ~ ~
WAR_Act ~ ~ ~ 215 218 215 218 215 2.15
WVAR_Cap ~ ~ ~ 01z 01z 012 01z 01z 0.12
WaAR_MNcap - - ~ o1z 0.00 0.00 o.oo n.oo 0.00
VAR MNcaph ~ ~ ~[ -3501.12) 1,601.39| 1.601.39( 1,601.39] 160139 1.601.39
=lELce VAR FOut ~ ~ ~ 215 215 215 215 215 215
SIPWRHYD |VAR_Fin ~ ~ - 6.31 6.31 6.31 631 631 6.31
SIERDAMHYD-Basha-N |- Cost_Act - - - 0.71 0.71 0.71 0.71 071 0.71
Cost_Fom ~ ~ ~ 1.49 1.48 149 149 149 149
Cost_lnv ~ ~ ~ 302 302 302 3nz a0z 302
Cost_Sak/ .80 - ~ - - ~ ~ ~ -
PAR_CapUP| ~ ~ ~ 003 0.03 0.03 003 003 0.03
AR Act ~ ~ ~ R:11] 050 0.50 050 ns0 0.50
VAR Cap ~ ~ - 0.03 0.03 0.03 0.03 0.03 0.03
WAR_MNcap ~ - - 0.03 - - ~ - =
VAR _Ncaph - - ~ - 841.78 ~ 7556 -~ -
=ELce WVAR_FOut ~ ~ ~ 0.50 0.50 0.50 050 050 0.50
=IPWRHYD [VAR_Fin - - ~ 1.46 1.46 1.46 146 1.46 1.46
ZIERDAMHYDfEunqu EN Cost_Act - ~ ~ ~ ~ ~ 11454 17818 17818
Cost_Form - ~ - ~ 23836 37233 372.33
Cost_lnv - ~ - ~ ~ ~ 37935 59010 53010
Cost_Salv 1.448.19 "~ - - - ~ ~ ~ -
PAR_CaplF| ~ - - ~ ~ ~ 7.00 7.00 7.00 -
1| 3

Global Filter Applied For: Scenario - B-Ref_0715-01

(3637 Records) Ready A

11. How can you easily view the flows in/out of a process, and cascade through the RES? {2
ways — new}
Right-mouse click and select EXRES on the Process/Commodity of interest. This can
done directly on the Process or Commaodity tab for individual items or sets. It can also be

done in the cube view of a table or via the View/Reference Energy System menu. Note
that the EXRES will show either all the data associated with the qualifying items or just

the infout flows depending upon the state of the £ button (shown here to display
in/out flows only).

E ExRES _Process ATHHSD1E

|.-'1'-.grin:ulture Tractaor, Diezel. existing - >55hp

Onginal Umts: P Achive Umt | ﬂ

[ |Commodity [+
=lvaR_Fln |AGRHSD
=lvaR_FOut|ATF

AT

Attribute

[+ |Region [+
SlPIEM_090915 | =1 Pk

~Scenano™

12. How can you retrieve multiple tables via a single request {2-ways — new}

The first way is via View/Execution Mode/Batch Mode (or Ctrl-B, where Ctrl-1 will switch
back to Interactive single table selection mode) and check the desired table (more than
two are possible) and click View Table. The second method is to use the Table/Table
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Master and select the desired node of the tree, click the desired tables, and click either

automatically export the tables to an Excel file.

Table definition (Analysis Tables)

_SwsCost
00_All Costs (by all Sectars)

00_EnergyBalance-FinalEnergybySector
00_Imports-DomSupply
00_Fower Flants Capacity

<

01_RED Subsectors
01_RSDR Fuels

01_TRM ExMew Techs

CL_Power Plants Fuel Use and Generation

00_Paower Plants MNew Installations

W Table Master

A45% e = il B# %

B

LL, v
"—I".to view all or selected tables in the folder. Note that the Table Master will

L OX

| Reference Tahles
_| Standard Tables

00_Emissions by PP Type 1 All Tables Table Name | Table Description | Date & Time |

00_Erissions by Sectar - —VUP'EM s iceitor O& syscost  TotelDiscounte..  7/15/20105:18:0..
- . | /naly

00_EnergyBalance-FinalEnergybyFuel o LI 00_anicost.. AllCosts (oyall . 741520105183

= 00_Emissin

O=00_Emissio.

O=00_Energy
O=00_Energy.

I 00_Power Flants Generation by Fuel Graup =00 mports-.. Totalimponts an..  7/13/20109:21:2..
v =00 _Fower . 00_Fower Plants 47182010 3332
00_Supply O=00_Fower . 00_PawarPlarts 741522010 3521
1 AGR Fuels O 00_rower .. 00_Fower Plants... 3/11/201010:34...
01_AGR Subsectors O=00_suppty  Supply 741342010 9191
O=01_scrFu. 01_4GRFuels 7320108353
01_COM Fuels

O ] B CI®01_4GR Su.. 01_4GR Subssc.. 7/13/2010 3395

= WaSEES =01 comFu.. 01_COMFuels  7/13/2010339:3
01_IND Fuels O=01_coms.. 01_0OMSubse..  6/31/20105165
M_IND Subsectors O=01 M0 Fu.. 01D fuels 7/13/2010 3:430..
01_IND Subsectars FE [J=01_nDSu. 01_ND Subsect. 74132010 8433
01_RSD Fuels O=01JMD Su.. 01JMND Subsect. 6/31/20101:30:3.

O=01_rsoFu.

O=m_rsosu

O=01_rsor.. 01_RSDRFusls  7/13/2010 3453,
M_RSDR Subsectors =01 _RsDR.. 01_RSDRSubs.  7/13/2010 8:453
01_RSDU Fuels OF01_RsDU . 01_RSDUFuels  7/13/2010 8:454
01_REDU Subsectars O=01_Rsou.. 01_RSOUSuks.  7/13/2010 G454,

(==

01_TEM Fuels =01 _TRr Fu TRM Fusls 741342010 8:47:4

M_TRM Foad Transpart O=01_TRNA. 01_TRN Rosd T.. 7/13/2010 3:47:3.

02 RSD Rural-Urhan Demands (=02 rsDR. 02 RSO RuralkU.. 7/13/2010 8.47.0
- DCL_PDwer Power Plants Fu 61172010 9:331

O=rower Fian...

00_Emissions b 12/2/2008 4115
Ernissions by 5. TAtj0l0 1223,
00_EnergyBealan... 7/13/2010 3161
00_EnergyBalan.. 7/13/2010 8:20:3

01_RSD Fuels 7/13/2010 8:44.0...

01_RSD Subsec.. 7/13/2010 8:44:2

01_TRN ExMNew 12/30/200910:2

Power PlantInve... 7/16/2010 8:41.0...

6. Calibration (2007) Run Results
1. What is the total amount of domestic supply (including renewables)?

Select and view the Supply — Domestic table, with the Global Filter set to the Reference
scenario. put the cursor on the Scenario, and via right-mouse either request Totals or
hide Details. The value is 2,554.09 PJ.

2. Which refinery produced the most OILLDO?

Select and view the 00_Refinery Output table, and bring down the processes. Right-click
in the Commodity column and select Display/Code only to see the OILLDO commodity.
Click on the Commodity selection menu and use control click to unselect all items and
then click to select only OILLDO. Scan the 2007 column of output values to identify the
maximum value (0.12 PJ) is from the National Refinery, as shown in the figure below.
[Remember, don’t save the reconfigured table as it's an update table for the Analytics
workbook!]
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+.0 .00
00 +.0

Bz4imoY ErEd @ sy -9 O-5E0/R |

=1olx|
=1=lx|

|DD_Refineries Outputs

Original Units: PJ  Active Unit IMtoe

LI Data values filter:

Global Filter Applied For: Scenario - B-Ref_0715-01

2007 |2010 (2014|2017 (2020 2023 [2026 2030
ZB-Ref 0715-01 |2IPREF-Ao—E  |QILLDO .00 0.04 ~ ~ 008|004 004 004 ﬂ
Tatal noo|l 004 ~ ~| 006 004 004 004
=PREF-Bosi-E  [QILLDO 0.oo - - - n.o4 noz 0oz noz
Total n.o0 ~ ~ ~[ 004 ooz{ o ooz ooz
EPREF-Bosi-PMN |0ILLDO ~ ~ - 0.m 0.03 -~ 0.03 0.03
Total ~ ~ ~nm 0.03 N K] BERE]
ZIPREF-Khal-PN [QILLDO "~ - ~ b ] ~ ~ ~
Total - ~ ~0on ~ ~ ~
ElIPREFMNati—-E  |QILLDO 01z 0.06 0.07 01z 0.00 n.02 0.m 014
Total 01z 00s| 007 012f 000f 002 0m 014
ZIPREF-Mew-M  [QILLDO "~ "~ ~ - ~ ~ ~ 18R
Total ” "~ ~ - - ~ ~l 185
ZIPREF-Fak-E  |0ILLDO ~ ~l 008 ~ ~l 005 ~l 008
Total ~ ~l 006 ~ ~l 005 ™l 008
EIPREF-Paka—E |QILLDO n.n4 - - ~ ~ ~ MIEERE
Total 0.04 ~ ~ ~ ~ ~ ~ln3
EPREF-Tran-PN |QILLDO - ~ ~ ~ -~ -~ 0.03 0.03
Total ~ ” ~ ~ ~ ~l 003 003
-
K ;IJ_I

[(474 Records) Ready

3. How much natural gas is consumed in the power sector?

Select and view the Story - Power Plants table, Click on the Commodity pull-down list
and use Control-click to select only Natural Gas. Right click in the Process column to
request a Total for all processes. The total is 374.69 PJ, as shown in the figure below.

=

W B3 sz & A Q

i Veda Tables - [Story - Power Plants] E@E|
g x

EWER gh ¥ -~ O0-8550

|Stovy -Power Plants

Original Units: PJ

Active Unit | + | Data values filter:

N

Global Filter Applied For: Scenario - B-Ref_0830g

(12928 Records) Ready

Period [+

2007 2010 |2m4 |eo17  |eozo |eo2s |2nes  |eoso
SIETNGASTMFABY-E  |EIVAR_FIn [Matural Gas 182| e8| 27 " - - - ~ Zl
SIETNGASTM-GUDIE  |=IVAR_FIn [MNatural Gas 586 986 986 - ~ ~ ~ ~
SIETNGASTM-GUDIVE  [ZIVAR_FIn  |Natural Gas 1593 16598 1598 -~ “ ~ ~ ~
SIETNGASTM-JAMIE =IVAR_FIn  [Matural Gas 7B 7B4| 784 7E4] 7E4[ 754 -~ -~
SIETNGASTMAJAMIFE  |ZIVAR Fin [Matural Gas 2453 2453] 2453 2453 2483 2453 -~ -~
SIETNGASTMKarangi-E  |EIVAR_FIn [Matural Gas 1196 17.96] 11.98] 1196 11.96] 11.96] 11.96] 11.96
SIETNGASTMM-GARHE |ZIVAR_FiIn [MNatural Gas 605 605 B05] BO5[ 606 605|302 ~
SIETNGASTMM-GARIFE |ZIVAR_FIn  |Natural Gas 349 2349) 343 343 343] 343 175 “
SIETNGASTMM-GARIFE |ZVAR Fin  [Matural Gas 786 78| 785 85| 7.8E| 7as| 3.2 -~
SIETNGASTMMULVIEE  |ZIVAR Fin [Matural Gas NEEEL - - - - - -

Tatal 374.69] 381.89] 474.04] 385.16] 367.62| 326.72] 285.96| 223.91 J
-
4 »
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4. What is the total installed hydro capacity?

Select and view the 00_Power Plants Capacity table. The answer (6.47GW) is
immediately displayed in the table.

5. How much electricity is generated from hydro plants in the summer day timeslice?

Select and view the 00_Power Plants Generation by Fuel Group table and pull down the
Timeslice dimension to the right of the Period header as shown in the figure below. The
answer, 18.89 billion kWh, is displayed.

IR Veda Tables - [00_Power Plants Generation by Fuel Group]

=
W B gdHn 07 XrEHRE SR8y -y O-2 308

‘UU,PDWEI Plants Generation by Fuel Group |

Original Units: PJ  Active Unit [Giionkwh =] Datavalues filter: ﬂ
[Attribute [+ [*Commodity 55 egion
=lp
IS 3 f=in) 3N 3P 58 3 WD T W WS |
~ - - ~ ~ ~ - 0.07 ~ ~ - -~ "
Dual-fired Power Flants - 315 2.05 0.52 136 - 5.26 3.05 0.86 161 - 384 248 0.81 150 3
Gas-fired Power Plants - 207 0.60 033 056 - 318 203 045 084 - 243 148 03z 087
Hydro Plants 756 - ~ ~ ™| 18.89 ~ ~ ~ - 5.38 ~ ~ -~ -
Nuclear Pawer Plants 051 - "~ "~ - ~ ~ ~ ~| 088 ~ ~ ~ -
Oil-fired Power Plants - 1.21 130 032 0.83 - 349 238 0.86 1.79 - 2.28 0491 0.69 1.08
Renewahles (non-Hydra) - - "~ "~ ~ ~ 000 ~ ~ - = ~ ~ - -
Total 814 644 415 157 275 1978 1183 748 217 434 632 855 488 181 386

0 i

Global Filter Applied For: Scenario - B-Ref_0830g

( Records) Ready

6. What sector is consuming the least amount energy, and what is the level?
Select and view the 00_EnergyBalance-FinalEnergybySector table. A scan of the 2007
column shows that the Commercial sector at 2.12Mtoe is the smallest sector in the base

year. A Pie chart can be created by selecting the sector values as shown, clicking to
open the Graphing tool, and selecting @D Pie from the Picture menu at the top of the
tool window.

I veda Tables - [00_EnergyBala TN T TS

I 00_EnadgyBalanca-FinalEnargybySectar=Active Linit: Mics

w0 B @ ez g i Q

<2007>

|DD_EnergyElalance—FinaIEnergybySec’to

Original Units: PJ  Active Unit ﬁ

attribute [ [*Commodit®* [« FProcess*[+

W E-Ref 0830g-Agriculiure
B B-Rel_0830g-Commerncial
[l B _0830g-ndustry
B-Re_1830g-Residential
W B-Ref 0830g Transpoet

“Scenario™ [v|Process!
=IB-Ret_0830g |Agriculture
Commercial

Industry

Residential
Transpart
Total
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7.

10.

11.

How much gasoline is consumed in the transportation sector?

Using the same 00_EnergyBalance-FinalEnergybySector table, pull down the
Commodity tab to the right of the Process Set tab. Scroll down to the Transportation
sector, and the value for OILGSL (1.20Mtoe) is displayed.

What is the total energy consumption in industry?

Using the same 00_EnergyBalance-FinalEnergybySector table, pull down the
Commodity tab to the right of the Process Set tab. Scroll down to the Industry sector and
right click in the commodity column to select Total, which will sum all the energy carriers
used in each sector. The value for Industry is 20.05Mtoe.

How much electricity is consumed in the commercial sector?

Using the same 00_EnergyBalance-FinalEnergybySector table, with the Commodity tab
pulled down to the right of the Process Set tab, the value for ELCD is 0.8Mtoe.

What is the price of natural gas in the pipeline, and delivered to the commercial
customers?

Select and view the Marginals — All Commodities table and on the Commaodity pull-down
list use control-click to unselect all commodities, and then select only GASNGA and
COMNGA. COMNGA has a single value (17.77 $/GJ), but GASNGA has seasonal
values (all currently 5.91 $/GJ).

‘Veda Tables - [Marginals - All Commodities | ;Iglil
= ==l %]

B4R (gsimey v 2@ ESRIVNy-@-O-550 L |
|Marginals—AII Commodities lj’
Original Units: $ per GJ  Active Unit |$ per G LI Data values filter: ﬂ

2007 (2010 (2014 (2017|2020 (2023|2026 (2030
SlB-Fet 071501 [SICoMMGa W 1774 2864 3872 4474 49.22| 152567| 290.24| 604.42 ﬂ
SlGaASNGA |l 591 in 9.08) 1062 1237 1428 16.98 2085
S 591 in 49.08) 1062 1237 1428 16896 2085
W 5491 1 .08 1062( 1237 1428 16.98| 2085

i o

Global Filter Applied For: Scenario - B-Ref_0715-01

(3304 Records) Feady 4

What is the total amount of domestic oil produced?

Select and view the Supply — Domestic table. Right click in the Process column to get a
Total for all provincial supplies of 132.50 PJ.
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12. What is the total amount of imported oil products?

Select and view the Supply — Imports table. From the Commaodity pull-down list, multi-
select the petroleum products and then right click in the Commodity column to request
Total. The result, as shown below, is 383.41 PJ.

|Supp|y—|mpuds

Original Units: PJ  Active Unit ||:>J -~ | Dt

Attribute [+ |[Region [« Mintage* [ [“Times

“Scenario™ [ FCommodity-

=lg-Ref 08309 |Diesel 21049 1
Heawy Dl 171.84[ 1
LPG 107
Total 183,41

7. Reference Scenario Model Results

1. What is the total cost of the Pakistan energy system over the 2040 modeling horizon?
[$964,158.28Million]

et o T i
- & x

8 | Bl & sz 4 B Q XWED M@ LNy~ O-B550 L

‘Tota\ Discounted Systern Cost (OB.) ‘ m

Original Units: M$07  Active Unit  |;4407 ~ | Data values filter: N

ot o

Global Filter Applied For: Scenario - B-Ref_1123

{ Records) Ready
==

2. By how much does the share of imports in total supply change in 2030 compared with
200772

[9.11% more imports]
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A B e D/ E|F|G|H]|I J/ K/ LI M|N O B Q R s T
1
2
3
4
5 Table Name; 00_Imports-DernSupply
6 Active Unit: Mtoe
7 Scenario ProcessSelDesciPeriod | 2007 2008 2000 20T 2072 2013 20% 2006 20% 2020 2025 2030 2035 2040 share 2007 share 2030
] B-Ref_T123 Domestic supply 57.87 56,39 GE.E3 GB.56 5943 140 6312 £388 655G 7344 9537 08I WIS5 WEED
9 B-Fef_1123 Imports 2072 1961 2086 24.26 2490 2966 2090 3019 I190 B4 4571 664 9453 1828
10 ErRief_1123 Total| 7860 76.20 77.55 60,03 B4.38 9106 9301 94.05 97.47 1028 W108 1B7.36 23608 29792 26.37% 35.48%
11 change 9.11%
12 1
13
14
15
16
4 4 » ¥ 00_Imports-D Iyl ~Sheeti Sheetz i3 n| m

3. Which supply option increases the most (ktoe) between 2007-20307?
[coal, going from 4.43Mtoe to 44.80Mtoe]

~] Veda Tables - [00_Supply] . . . SHIEN X
=) & =

W% BRI E & XWEE SR8~~~ | O-5304

[Bupply | -
Original Units: PJ  Active Unit  |;5100 ~ | Data values filter: N
Attribute [+ [*Comman g [ .

nario”™ [+ [Camma 2007|2008 |2010 (2011 (2002 (2013|2014 2015|2016 (20200 (2025|2030 |2035 |2040

ZIB-Ref_1123|COAL 443 460| 445 65O06[ 525 5BB| 585 612| b6ES| 1224) 2683 44.00; bb85[ 9348 -
Hydroelectric 7B3|  B87[ 700 709 752 7EE| 6.80) 887 1085 1601 2403| 31.30| 3849 46.07 }
MNatural Gas 2832 P9.42| 2B8B8| 3011 3230 3796 3819 3861 3870 3737 2B4E| 2816) 3172 4127
Muclear 055 06&[ 065 1713 113] 108 108 108 1.08 341 1406| 2294| 31.83[ 4072
Qil & Products 2070 1978 2079 2185 2230 22B2| 22BE| 2274| 24713 2744 3295 3853) 4574 5339
Fienewables (excl hydro)| 1588 1480/ 15.28) 1552) 1580 1608 1635 1657 16.04) 14865 1451 21.28) 21.71| 2260
Total FRET| 7B1Z| 7747 G0FG| 8430 9097 92893 9388 97.39( 110.17| 14082 187.07| 236.74| 297.63

o N

Global Filter Applied For: Scenario - B-Ref_1123

(470 Records) Feady

4. What is the total amount of new power plants built over the entire planning horizon? In
which period prior to 2030 is the most built, and in said period what particular type of
power plants leads the new builds?

[135.46GW, 2020, 10.5GW coal IGCC]
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- - =
| Veda Tables - [00_Power Plants NewCapacity] - - @@ﬁ
= -=] =
W ER s sd W7 XWEE gRIEYy-@- O-B5350 K
‘DD_PDWEF Flants NewCapacity | m
Original Units: GW  Active Unit |Gy | Data values filter: "N
Period [+
2008 |2010 |2017 (2012 (2013|2074 |2015 (2016 (2020|2025 |2030 (2035 (2040 |Total
=lB-Ret_1123 |Coalfired Power Plants - ~ - ~ - ~ - ~ 1050) 10.00) 1250) 1250 1250 56.00 "
Gas-fired Power Plants 074 0B8] 070 “l 088 105 1.00 119] 150 0.82 ~ - “ B85S
Hydro Plants 0.08 “| 007 037 012] 0% 008 212 949 618 B07| B33 7H0| 3935
Nuclear Power Plants ~ o033 ~ ~ ~ ~ ~| 330 5000 500 G500 500 2363
OiHired Power Plants 018 048 156 043 ~ ~ ~ ~ ~ ~ ~ ~ ~ 088
Fenewahbles (non-Hydra) - ~ - 005 073 002 0oz 0.04 0.01 ~ - 075 159 328
Total 1.00 116 2 BB 084 180 203 1.08 33| 2481 2194 2357 2456| 2659F 1354k

Led |

Global Filter Applied For: Scenario - B-Ref_1123

( Records) Ready
=

it

5. How much (percent) does electricity generation increase by 2030, and explain the shift in
electricity generation mix between 2007 and 20307?

[Total generation increases 353%, with a major shift to coal and nuclear at the expense of

oil.]
| 4 Y B C Lodelelaln o b el vl nlolplaln 5 T u v w
| 1 Tiatie Narvw: 00, Ponnr Plards Garrion by Fusl Goog
|2 Active Unit: Billion Kwh
3 Scerane ) M5 AN ME 2 share 2007 share 2030
i 4 AT N0 @D mn MmN B Coal-fired  0.14% Coal-fired  35.24%
5 BT S T T T Diesel gene  0.14% Diesel gene  0.00%
| 6 Rl ;om0 U Gn 08 Dual-fired  20.43% Dual-fired  1.40%
7 -3 Noan uxM wH B Gas-fired | 16.17% Gas-fired i 8.70%
€ BT 627 M M0 Hydro Plar  33.61% Hydeo Plar  30.55%
| o BT @ wm mE e Nuclear Pe  2.41% Nuclear Pe  22.41%
| 10 BTz ® 3 nnom Oil-fired % 18.10% Oil-fired % 0.31%
{11 B-Fud_TU) Pisrassbies (non-t4ero) | 00 4% 5w 4% & Renewabh 0.00% Renewabh 1.29%
|12 ey Tonw| 5477 0% 0 ) TS 16 LI LI7) UK W JUTI KN SR TR 352.71%
|23
o 0.14% Cost PP r—
15 share 2007 rur share 2030w
% | : -0 - = Diesel generatons:
17 R AL oaxl: vk Fendpower
: s
:: 2a1% 4 - -:.an:\ft‘e;'ﬂwor
= W Hysdra Flants
|24 = e Powar Plants
e 0.00% od-fred Power
|22 b 1.49%
| 24 0% .
75 Hydra}

[ 4+ ¥ D0_Power Plants Generation by 1 - Sheetl - Sheetz 13

6. By what year will Pakistan need more then 15Mtoe of additional product output from a
new refinery, and in said year what product dominated production?

[2030, diesel]
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| Veda Tables - [00_Refinery Products] P =y X
E - &| =
2 HegspmoT STEn SR N¥-®-|0-550F
|DDfReiinery Products | i
Original Units: PJ  Active Unit |Mtoe ﬂ Data values filter: N
Period [+
2007 (2008 2000|2011 (2012 (2013 2014|2015 (2016 (2020 (2025 (2030 (2035|2040
=IE-Ref 1123 |Av. Fusl T3] 075 08| o081 o082 08| o080 o085 101] 127] 238 330 380 431 =
Diesel 355 440 468 468 468 4.94 543 543 716 8500 10758] 1291 1816| 1740
Gasoline 1.34 137 153 152 146 1.49 158 165 1.54 2.80 4.05 445 591 6.56
Heawy 0il 321 414 443 441 4.41 4.61 517 5.10 6.36 6.48 5.39 373 4.01 429
Karosene 0.21 019 043 0.45 0.45 0.49 055 055 0.64 0.64 160 204 249 2494
LFG 0.z23 0.4z 0.45 0.45 0.45 0.43 0.54 0.54 0.88 1.15 1.60 z2.04 249 .94
U Diesal 017] o012 o014 o015 016 016 016] 015 015 015 013 205 250 295
Naptha 1.05 113 070 0.69 073 0.7 059 0.55 119 159 2.29 253 281 309
Total 11.02) 1286 1316 1316 1316) 1374 1482 1492 19.23) 2258 28.20) 3354| 39.16) 4479

oL M

Global Filter Applied For: Scenario - B-Ref_1123

(879 Records) Ready

7. Which demand sector has the biggest increase between 2007-2030 in ktoe and in
percent of total?

[Industry 24.92Mtoe, Residential up by 4.64% of total demand]

[ A 8 c Glulu o el mlinole|lolr S T u v
|1 [ l
2
]
| 4
| 5 Tabie Narre: (N E nergoBatance Finaf nergubnSector
! 5 Active Unit: Mtoe increase 2030 share 2007 share 2030 dift
1.l Scenario ProcessSeDercPeriod | 201 2012 2010 20M 205 200 2000 205 W00 2005 2040 ktoe % % %
| 8 B-Fef_ 121 Agrcuine 368 A7 M 42 S0 ST GET AAD 2.40 4.30% 5.08% 0.78%
9 B-Fef 123 Comnerescis W 206 22 2 250 A7 M AT 8B &7 263 4.71% 4.14% 0.57%
10 B-Fel_123 Irchastry 60 2044 2242 23 47 4505 BL46 B4 24.92 44.70%  39.04%  -5.06%
[ 11 BeFal_T73 Finuicleritial F249 TRV MGT MM P FE0 TN FEEE WA MM Wy 16.51 79.61% 14.25% 4.64%
12 BFe_TT Trarapent BEZ BFT S07 SF 965 WM LA BE WA AW NS 11.44 20.53% 16.89% -3.63%
|13 B T Tolod | 5700 861 F193 6143 BR71 6728 TR BN TR M2W WM =
5!; Sakm 00_EnergyBalance FinalEnergybyl - Sheetl — Sheet2 %3 [ E

8. Which demand sector consumes the most electricity in 2030 (BKwh), and what
percentage of the total does it require?

[Residential with 182BKwh accounting for 50.52% of total electricity consumption]

Pak-IEM Final Report Volume Il — Users' Guide Page 182



Pakistan Integrated Energy Model ADB TA No. 4982-PAK

] Veda Tables - [Electricity to Demand Sectors] P — | [ |
=
W% B[4z 4 E 0 EWEE gk H8¥~-e~-|O0-5508

[Electicity to Demand Sectors |

Original Units: PJ  Active Uit [gillian knh +| Data values filter: N

ario™ [« |-At / 2008 (2010 (2011|2012 2013|2014 (2016 (20016 (2020 (2025|2030 |2036  |2040
=B-Ref_1123 |2vAR_FOu |[AGRELC 781 724 749 816 811 1012| 1063| 1083] 71136 1307 2010| 2674| 3464| 4457 -
COMELC 976| 873 743 870 985 11.70| 1158 1200 1286 1609 20719) 2454 2985 36.00 3
INDELC 2145 20.12| 2339 22.41| 2000 2255 2547 27.99) 32.22| 52.34| B89.10| 128.43| 173.68| 245.05
RSDELC 3386 3346 3590( 3963 4476| 4962| 52.03| B450| BBA7| 74.18| 13262] 18263 240.38| 29764
TRMNELC om 0.0z ooz 0.0z 002 002 0oz ooz 0.0z 0.04 0.0s o1z 176 272
Total 7293 6956 7422| 78.91| B3B4| 9340 99.62| 105.44) 114.63| 155.71| 26206 361.51| 486.40) B25.87

0 o

Global Filter Applied For: Scenario - B-Ref_1123

(1619 Records) Ready

9. In which period is total gas consumption the lowest, and what is that value?
[2025 at 25.68Mtoe]

— =5
| Veda Tables - [00_Gas Consumption (All Secuw-

= e =
A ER|(zsimoY XTEE SR ¥¥~e~> O-B3350 L
‘DD?Gas Consumption (All Sectors) | &
Qriginal Units: PJ  Active Unit |42 « | Data values filter: N
2 v *[+ [Commo
2008 (2010 (2011 |2m12 |2013 (2014 (2015|2016 |2020 |2025 (2030 (2035|2040
Commercial 030 083 086 083 083 o088 102 1.09) 138 172 205 241 289 -
Inclustry 11.29) 11.36) 1085 1138 1227 1271 1279) 1282 13314 1287 9.28) 11.23] 1478 2027
Power Sector 850 852 891 9.27| 985 1481 1496 1484 1428 1160 857 A0 505 427
Residential 434 424 398 408 432 442| 436 469 504) 648 453 302 301 402
Transport 132 128] 124 1.3 1.42| 180 152|158 158 1800 183[ 233] 368 G.0B
Tatal 2618| 2628 2581| 2680| 2885 3437 3460 35000 3510) 3392 2hk8] 2573 2893 3751

o o

Global Filter Applied For: Scenario - B-Ref_1123

(246 Records) Ready

10. What is the annual expenditure on the energy system in 2030, and what percentage
increase occurs in the resource supply costs by 20307

[$125,735 Million, 293%)]
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1

2

3

a4

5 Table Name: D0_Al Costs

6 Active Unit: MS07

7 Scenario AttributeDesciPeriod 2007 2008 2010 2m 202 it 2014 2018 2016 2020 2025 2030 2035 2040
8 B-Ref_1123 Activity cost (DeliverwarO&i) 739335 990870 10737.66 7E34.73 457473 MO9274 154949  BOLN 1697.64 167007 230769 3805 447986 B531.08
o B-Ref_1123 Fixed O&M costs 298920 322981 355445 330848 407773 434242 448978 462695 478225 626029 940323 1300383 1743338 2288232
10 B-Ref_1123 Investmert costs (annual] 000 1868237 5H429.42 732917 907793 1129468 1327421 1535485 17697.09 2643176 3807684 H260188 7131960 9422974
11 B-Ref_1123 Resource supply costs (including trade) | 14439574 1336042 15945.59 18028.21 1968090 22966.84 2405820 25383.51 2614208 3336390 4197498 56340.26 73837.37 10695183
12 B-Ref_1123 Total| 24884.28 2896131 356E7.71 36800.58 3747129 40096.67 4337168 4636673 H0319.06 E7926.03 9166880 126735.09 17307621 23060565
13

14 [(z=2nl

15

16
H 4 » ¥| 00_All Costs1 Sheeti Sheet2 3 Tl =

11. What is the purpose of the AU_ELC user constraints, and what do the marginal values
tell us?

[to limit the GW of new capacity by fuel type that can be built in a period, where the negative

marginal indicates where said constraint in binding and how much the objective function

could be reduced if another GW of capacity was permitted in each period.]

| _lalx

s HQ g iim oy EPSD @D S0 BY-#- 0-B3T L

Marginats - UsarConstaints =
Original Units: M$07perUnit Active Unit 1130700t +| Datavalues fifter: ﬂ
I [Use traent Iy 008 2010 2011 2012 2013 2014 £015 2016 2020 lEDﬁ 030 2035 2040 |
[SIB-Fef 1122 .N.' ELC_NCAP-COMA I | fad " " | ] -13929 8208 10441 -129.75| -13567 -38.49] q I
Ll)_ELC_NCAP-HYD | N # = s =] = mez|  waes =] =] " EE
[ _ELC_NCAP-NGA, | A ) L R = = =
[l _ELC_NCAP-HUC | =] N EAEEAE I kL L L L EIAE) ML I G ELL
JALLELC_MCAPAING . | I " " | - ] | | | 861 34 35}
(AL ELC NCAPAMING " ” " " ” ] ™ " N ] -BE1 -34 95}
| AL)_ELE NCAP-WINE ~| | ol ] ~| | | ] ™| =] = ] -20.90]
= 7] 7] T 5| LS ) X3 L) EE) T 7 7 b 7
| L3E 1078 = § =] = =] = N EEL [EE TE 3|
| 31.74] 32.39) 22 65| 2117 2050} 247 22.71 2659 34| 42.93) 43.30| 46.53 1.20|
2410} Xl 14.20} 1232 11.27) 15.06| 12.72] 15 84 1910} 27.70} 24.77) 2655 18.24] | ]
| EEL = '- ¥ 7 = - ] (L IR 0T 77
= = = = = i
| E¥T) 172] EEL [ CET) ELY 474) T 76| 28] (X2 T30 56|
] N N b L] i N = b 40| 1] [£3 b 7|
o1 onanTa el | = i il & = = R nnn an TRy 73l 7 T —
A C JJ
Globnl Fitter Applind For:

{31357 Raconds) Rendy

8. Sensitivity Scenario Model Results

This section relies primarily on the use of Analytics Excel workbook to examine and compare
various model results, while reinforcing how to use the workbook. Set up the workbook to
compare the four cases shown below (REF, REF-Best+DR, NOTNH, NoTNH-Best+DR) to
answer most of the case comparison questions.
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[
By
| Scenario Scenario Description Graph
| PrcT €02 Tax ($20-30/ton) ;| B-Ref 1123 |
P_R-CT-Best €02 Tax ($20-30/ton) with Best | P_R-Best-DR
P_R-CT-Best-DR CO2 Tax ($20-30/ton) with Best + MoreQilkGas > P_R-TNH
P_R-DR More OilgGas P_R-THNC-Best-DR
P_R-EE r Energy Efficiency (15% FE below REF)
P_R-T Limit on Import Infastructure Investments <
P_RAIR_r Reduced Imports (15% below REF) |
P_R-NM Nuclear Min Cum Builds (30GW, inc built rates)
P_R-PH Higher Energy Prices ($150/bbl 2030) << |
P_R-RE Renewable Electric Target (15%)
P_R-TD Transmission & Distribution Improvement
| _r | oo
P_R-TN No Thar Coal
P_R-TNH No Thar Coal & Nuclear+Hydro Delay P
P_R-TNH-Best Mo Thar+Delay Nuke+Hydro with Best hd

Sheet(s) ekt | cerrt |

Metrics

System Cost

Cost Breakdown

Investment Costs

EB_Supply

Gas Production

Fossil Supply

Imports (by fuel)

Imports_Share

Refinery Output |

Refinery Products
Power Sector Investment Refresh Graph

11. Which model run has the lowest overall system cost?
[The low demand run, P_DemL with $775,578Million.]
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12. What happens to total imports when for the 3 sensitivity runs?

[As shown on the Metrics sheet Best and More Gas reduces overall imports, while limiting
Thar and delaying nuclear&hydro naturally raises imports.
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Scenario

Reference 2,110

Reference with Best+MoreDom -135 -6.40%
No Thar Coal & Nuclear+Hydro 406 19.93%
Delay

No Thar+ImpCoalPP & Delay

Nuke+Hydro with Best & 17 0.78%
MoreQilGas

13. Which 2 fuel needs to step in for the no/delay cases, by how much in 2030 in the delay

but no Best practices case, and what amount of natural gas is saved under Best
practices and what is the additional renewables in 20307

[Natural gas and renewables, 19Mtoe, 11Mtoe, wind]

30

Primary Energy Difference from Reference

20

10

Mtoe

-10

o
o
o
o~

n
ol
o
o~

mn
—
o
[a\]

eference with Best+

DorNo Thar Coal & Nu

Delay

No Thar+ImpCo
Delay Nuke+Hyd
Best & MoreOi

Renewables
(excl. hydro)

m Oil &
Products

¥ Nuclear

B Natural Gas

m Hydroelectric

M Electricity

Imports

m COAL

14. How much is saved starting in 2030 each year on the expenditure for fuel when following

Best practices?
[$5.55Billion/year]
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Change in Energy System Expenditures

15,000

W Resource supply costs

(includingtrade)
10,000

Investment costs (annual)
5,000

0
o
5
S
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n
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B Fixed O&M costs

| M Activity cost
< S 2 9 (Delivery/VarO&M)

S o <

~ ~ ~ ~
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3
2007
2010 |
2015

S
S

5,000 Reference with BesHMorI‘ No Thar Coal & Nuclear+Hydro Delay No Thar+impCoalPP & Dela

Nuke+Hydro with Best & More!

-10,000

15. How many GW less new capacity is installed in each of the three alternate scenarios?
[8.81/18.98/18.65GW less respectively]

Scenario

Reference 2,110

Reference with Best+MoreDom -8.81 -6.51%

No Thar Coal & Nuclear+Hydro Delay | -18.98 | -14.01%

No Thar+ImpCoalPP & Delay i i o
Nuke+Hydro with Best & MoreOilGas 18.65 13.77%

16. How many less GWh of electricity are required per annum under each alternate scenario
in 20257

[37/72/74GWh less respectively]
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Power Generation Difference from Reference
50
m Renewables (non-Hydro)
1 Oil-fired Power Plants
0
& R R | S 3 ® Nuclear Power Plants
Reference with Be Dom No Thar Coal & dro No Thar+ImpC¢
Nuke+Hydro W B Hydro Plants
50 MoreQilGa
'§ B Gas-fired Power Plants
<
<
]
@ m Dual-fired Power Plants
-100
M Diesel generators
m Coal-fired Power Plants
-150
-200

17. Discuss the impact on electricity prices in 2025 for each scenario?

[decreases substantially when no delay (due to Thar) while increases substantially with the
delay, but “bite” is lessened when Best employed]

&
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18. Which sectors increase their consumption of natural gas in response to the delay in the
large power plant projects, and how much more is needed total in 2030 in the delay
scenario without Best?

[residential and industry, along with the power sector — 14Mtoe]
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19. What is the increased renewables to the Residential sector used for?

[cooking]

Mtoe
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= Heating

 Cooking

mAC Cooling
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20. What is the impact of the No Thar/delay on the contributors to CO, emissions.

[a shift to direct consumption of natural gas particularly by industry results in more emissions
from it and the transport sectors than from the power sector in 2030.]

400,000

350,000

300,000

250,000

200,000

Kt

150,000

100,000

50,000

0

CO2 Emissions by Sector

Reference with
Best+MoreDom

Reference No Thar Coal & o Thar+ImpCoalPR
Nuclear+Hydro Delay & Delay Nuke+Hydro
with Best &

MoreOilGas

m Transport CO2

m Residential CO2

m Power Plants CO2

W Industry CO2

m Commercial / Other

Govt CO2

m Agriculture CO2

Pak-IEM Final Report Volume Il — Users' Guide

Page 190



	I. Introduction
	A. Purpose and Organization of this Users Guide
	B. Relationship to Related Documentation

	II. Organization of the Data and Model
	A. Folder Structure and Content
	B. Pak-IEM Workbook Template Organization
	C. Relationship of the Templates and the Pakistan Energy System
	1. Role of the Energy Balance and Relationship to the Sectors
	2. Supply and Upstream
	3. Power Plants
	4. Demand Sectors
	4.1. Agriculture (AGR)
	4.2. Commercial (COM) with government services & military
	4.3. Industry (IND) by subsector
	4.4. Residential Households (RSD) by urban and rural
	4.5. Transportation (TRN) by mode
	5. Future Technologies
	6. Demand Projections
	7. Reference Scenario Tailoring

	D. Special TIMES Features for Data Specification and Model Tailoring
	1. BY_Settings and SysSettings
	2. Interpolation Rules


	III. VEDA Front End (VEDA-FE) for Managing the Model Input
	A. VEDA-FE Template and Data Management
	1. VEDA-Navigator
	2. VEDA-Browse
	3. VEDA-FE Topology Viewing
	3.1. Process/Commodity Master
	3.2. RES Network Diagramming
	4. Managing Demand Projections
	5. Other VFE/TIMES Features


	IV. Running Pak-IEM
	A. Case Manager
	1. Run Environment
	2. Creating a Model Run
	3. Managing Cases
	4. Troubleshooting
	4.1. Setting Up the VEDA/GAMS Environment
	4.2. Setting Up the Pak-IEM Environment
	4.3. VFE-Navigator SYNC Problems
	4.4. Runtime GAMS or Solver Errors
	4.5. Checking the Calibration

	B. Guide to Establishing the Reference Scenario(s)
	1. Demand Projection
	2. The Reference Scenario Control Files
	2.1. Employing TIMES User Constraints
	2.2. Refining the Supply and Power Sectors
	2.2.1. Limits on New Build Rates
	2.2.2. Forced operation of existing plants
	2.2.3. Discrete Lumpy Investments for Major Projects
	2.2.4. Load-shedding profile
	2.2.5.  Supply infrastructure overrides
	2.2.6. Provincial Coal Supply Shares
	2.3. Shaping the Electricity Load Timing
	2.4. Demand Sector Fuel Shares and Device Adoption Choices
	2.5. Sector fuel price [tax/subsidies]
	3. Examining Reference Scenario Runs

	C. Sensitivity Analysis
	1. Pak-IEM Policy Scenario Generator Workbook
	2. Additional Alternative Scenarios
	2.1. Using the VFE Attribute Master
	2.2. Adding New Technologies {Augmenting the SubRES}


	V. Examining Pak-IEM Model Result
	A. Connecting VBE to Model Results
	B. VBE Basics
	1.  Main Form Layout and Content
	2. Attributes
	3. Sets
	4. Tables
	5. Cube View and Manipulation
	6. Units Management
	7. VBE Update Excel Facility
	8. Other Useful VBE Features
	8.1. Search Engine
	8.2. RES Diagrams and Data
	8.3. RES Component Expansion (ExRES)
	8.4. Coloring the Cube Display
	8.5. Setting the Export Folder and Layout
	8.6. Saving Cubes

	C. Pak-IEM Sets and Tables
	1. Pak-IEM Sets
	2. Pak-IEM Tables
	2.1. Calibration Tables
	2.2. Reference Scenario Tables
	2.3. Analytics Workbook Tables

	D. Pak-IEM Analytics Workbook
	1. Types of Sheets
	1.1. Index Sheet
	1.2. VEDA_DUMP_<***> Sheets
	1.3. Scenarios Sheet
	1.4. Graphing Sheets
	2. Managing Scenarios
	3. VBE Update Excel Functions and Logs
	4. Controlling Scenarios Graphed
	5. Other Analytics Workbook Features


	Addendum A: Using the Pak-IEM Analytics Workbook
	A. Introducing the IRG-Analytics VBE_UpdateXLS Add-in
	B. Types of Worksheets
	1. Index
	2. Scenarios
	3. VEDA_Dump Sheets
	4. Graphing Sheets
	5. Metrics Sheet
	6. Analytics Workbook Add-in Functions

	C. Viewing Results – Controlling Scenarios Graphed
	D. Updating the Workbook
	1. Select Scenarios for Updating
	2. Prepare the Workbook for Updating
	3. Run the VBE Update Excel Process
	4. Finishing the Update Process

	E. Managing Scenarios
	1. Adding New Scenarios
	2. Deleting Old Scenarios
	3. Renaming Scenarios

	F. Adding New Tables and Graph Sheets
	1. Create a new Table in VBE
	2. Create the VEDA_Dump Table
	3. Create the New Graph Sheet
	4. Square Table Function
	5. Establish Links
	6. Update the Index Sheet

	G. Editing Time Periods
	H. Changing Graph Sheet Periods
	1. Changing Periods on the VEDA Dump Sheets


	Addendum B: Version Control
	A. Core Templates – Basic Procedures
	B. Policy Scenario Files
	C. VEDA-BE Databases and SnT File
	D. PIEM Analytics Workbook

	Addendum C: Pak-IEM Exercises
	A. Pak-IEM Questions for New Users
	1. Templates
	2. Browse
	3. Network Views
	4. Pak-IEM Data Queries
	5. Tools for Examining Results
	6. Calibration Run Results
	7. Reference Scenario Model Results
	8. Sensitivity Scenario Model Results

	B.  Answers8F  to the Pak-IEM Questions
	1. Templates
	2. Browse
	3. Network Views
	4. Pak-IEM Data Queries
	5. Tools for Examining Results
	6. Calibration (2007) Run Results
	7. Reference Scenario Model Results
	8. Sensitivity Scenario Model Results



