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I. 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 I – 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-IEM. 

This User’s Guide is organized as follows: 

• Section I provides the context of this guide and its relationship to other related 
documentation. 

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

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

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

• 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). 

 

http://www.kanors.com/vedasupport/
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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. 

 

II. 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 
\VEDA\VEDA_Models\PIEM_TMPL_<date> root folder are organized along the lines 
described here, with specific naming conventions. 

• \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_PAK1_<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 II.C). 

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

o BY_Trans – with the default declarations for certain values for certain 
parameters. 

o 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.] 

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

• \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). 

• \SubRES_TMP -  

o 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.] 

• \SuppXLS 

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

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

o 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. 

 
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 (commodities 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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• 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. 

 
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. 

 
 

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 II.D.1) 
is also linked to the Energy Balance workbook, to get data on model global assumptions.  In 
addition, as discussed in Section II.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 

User input (and f ixed text)
Linked cell reference
Calculation
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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 I – Model Design for a description of the key sources.  

1. Role of the Energy Balance and Relationship to the Sectors 
The workbook PakIEM_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 VI.E 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 III.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: 

• Timeslice structure 
• Discount rate 
• 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 

SupplySteps 

Model data to characterize domestic energy resources, import and export 
options available in 2006/07.2 Key parameters include: 

• Energy costs 
• Annual production bounds 
• Cumulative reserves 

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

Upstream 

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

• Refining capacity 
• Product slate (current and future) 
• Efficiency of process 
• Operating costs 

Emissions 
Model table to aggregate all CO2 commodities to a single commodity TOTCO2 
(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 energy 

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 

Maximum (UP) share of 
associated gas 

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

                                                
2 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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Reserves 
Reserve values in column W are taken from Coal Reserves 2007). 
[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 commodities 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. 

Oil 

• 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 EYB08_POLprice / EYB08_FOprice), with a multiplier (of 1.2) to 
ensure import prices are higher than domestic prices (see cell N25 in 
CommodityPrices). 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 

• 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 
CommodityPrice sheet.  

• Domestic gas prices are projected forward, based on WEO 2009 projections. 
• 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, 
titled New Technologies. 

Coal 

• 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.  

• Projections of domestic coal prices beyond 2015 are based on assumptions from 
European models (see cells V19:Z19). 

• 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: 

• 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 I62). 

• Bagasse and MSW resources (current and projected per annum) are estimated in 
worksheet BiomassSupplyData. 
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• 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. 

• The base year level of black market diesel is sourced from PakIEM_EnergyBalance-
2007.xls/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. 

• 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. 

• 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: 

• 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 commodities. 

 
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 

Capacity level in 
future years 

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.] 
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Crude import versus 
domestic resource 

The upper limit on import versus domestic crude use is set in cells 
O16:P22. This reflects current crude input shares but allows for more 
flexibility on input mix. 

Product slate flexibility Cells C36:J41 allow for the relaxation of the product output shares in future 
years, by around 10% in most cases except gasoline. 

Minimum level of 
refinery operation 

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. 

 

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): 

• NTDC_ElecMtkData – Electricity Marketing Data (Power System Statistics), 
published by NTDC 

• 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: 

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

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

• UC_ExELEUtil 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-BI. 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 commodity 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%. 
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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. 

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

• 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. 

• 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 (CO2, SO2 and NOx) 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).3  

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. 

I48:J48 

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 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 17 

• Refrigeration 
• Miscellaneous Electric 
• 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): 

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

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

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

• 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) 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 18 

• Natural Gas – based on information provided from gas distribution companies in 
worksheet GasConsumption 

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

• Coal – sector-based estimates are provided directly from the EYB2007 
• 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 I – 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: 

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

• Independent steel producers (represented by trade associations) – see rows 146-155 
• 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 
Commodity 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 Existing) 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. 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 19 

 
Figure 6. RES for Pakistan Steel Integrated Works 

 

Textiles 

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

• Spinning (Yarn production) 
• Weaving (Cloth production) 
• 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. 

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): 

• Start with energy balance totals (row 39). 
• 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. 

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

o 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. 

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

o 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 O32: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 I – 
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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• % households is the % of urban or rural households that own a given appliance, e.g. 
AC.  

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

• 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. 

• 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.  

• 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 

vehicle Data worksheet Source 

Stock RT Stock (using NTRC On the road 
estimates) NTRC 

Efficiency ENERCON (Act_Eff) ENERCON 
Utilization (km travel per 
year) ENERCON (Act_Eff) ENERCON 

Lifetime PTPS JICA 

Annual maintenance costs NTRC_VOCs (Vehicle Operating 
Costs) 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). 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 26 

 
Figure 11. Transport Energy Balance Checks4 

 

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: 

• 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. 

 

 

 

 

                                                
4 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 
RSD ModelData, primarily from Pakistan specific survey 
information but supplemented (particularly for improved 
technologies) by US model data, in US NEMS RSD Data 

TRN 

TRN_NewTechs holds the primary transport technology data, 
from a range of sources.  
TRN_VOCs provides supplementary data from NTRC study on 
costs of vehicle operation. 

ELC 

ELC_NewTechs, providing a range of sources from which 
efficiency and cost estimates have been determined. Specific 
information on hydro plants is found in worksheet 
ELC_HydroCosts. 

ELC_LumpyInv  

ELC_Planned ELC_PlannedBuild listing the planned new build, and their 
schedule 

SUP ResourceSupply_Data providing information on future domestic 
resources and import options 

SUP_Planned Refineries_Data providing information on planned new build and 
new technology options 

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

IND_ISG 

IND_SugarCogen1 developed by MEC, used to estimate the 
potential for retrofitting existing cogeneration plants.  
IND_SugarCogen2 contains information on a typical new 
cogeneration plant, sourced from NEPRA tariff determination 
information 

IND_IFT  

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

IND_ICT 

IND_CemCogen for data on cement cogeneration, including from 
waste heat. 
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_IOT 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 

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

Infrastructure investment 
costs 

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. 

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

Constraint on resource levels 

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

Reserve levels 

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. 

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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• 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. 

• 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 CO2 storage is shown in Figure 13 below. 

 
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 
SNKPWRCO2 is accounted at 90% of a unit of PWRCO2, to reflect a capture rate of 90%. 
SNKPWRCO2 (defined as the primary commodity group) is consumed by the different 
storage options, as is PWRCO2. A further commodity SNK001/2/3 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’ PWRCO2 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 I – 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 I), 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: 

• 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. 

• 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 

Textiles (IND_ITX) 

• 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. 

• 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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Sugar (IND_ISG) 

• 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. 

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

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

Fertilizer (IND_IFT) 

• 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. 

Iron and Steel (IND_IIS) 

• 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 
template. 

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

Cement (IND_ICT) • The technology ICTELC-N (row 24) allows for production of 
electricity from this sector to be sold to the main grid. 

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

Other (IND_IOT) 

• 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. 

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

 

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 I – 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:  

• 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 

• 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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• 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. 

• 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 I – Model Design. 

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

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

• 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.  

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

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

• 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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• Industry: calculations sheet for industry sector drivers and is described in detail 
below. 

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

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

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

• Transport Analysis: contains charts of passenger and freight demand projections. 
• BiomassEstimates: contains calculation of base year biomass estimates, to help 

inform the residential sector demand projections. 
• BiomassDataReview contains data sources used to calculate base year biomass 

estimates (see RSD base year workbook). 
• 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. 

• 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). 

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

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

• 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. 

• Conversion: Energy conversion factors. 
• Currency: Currency exchange rates and deflators. 
• 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.   

• 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. 

 
 
• 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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• 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.    

 

 

• 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.   

 
 

• 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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• 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].   

 
 

• The useful energy values [C276-C296] are used as the seed values to the demand 
projections [rows 36-57]. 

 

 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 38 

• 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].   

 
 

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

• 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 
• 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. 

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

 
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 I 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. 

 

 

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. 

• 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. 

• 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. 

• Aggregations of the energy individual end-use demand projections are collected in 
rows 3 to 11. 

 
 

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. 

• 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%. 

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

• 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. 

 

 

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: 

• 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) 

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

• 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: 

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

• how the interpolation rules are applied 
• 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 
~TFM_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): 

• 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 II.A. It also indicates the season and day-
night time-slices that are defined for Pak-IEM. 

• 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. 

• 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. 

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

• 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_PKRSV, 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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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: 

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

 
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. 

Figure 16: TIMES Interpolation/Extrapolation Options 
 

III. 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: 

• Navigator – for handling the templates 

• Browse – for examining (and adjusting) the input data 

• 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) 

• 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. 

http://www.kanors.com/VedaSupport
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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.  

 
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. 

2. 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. 

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

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

5. 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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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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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 in/out, 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.  



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 51 

 
Figure 20: VFE-Navigator SYNC Error Report Status 

 
 

 
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.  

 
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.   

 
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 Lists5 – 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. 

 
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 
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/Commodities 
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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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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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 II.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.] 

 
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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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.  

• Commodity Groups and Process Normalization – Pak-IEM relies on VFE to 
construct all the Commodity 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 commodity 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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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.  

 
Figure 32: VFE Milestone Year Manager 
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• 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.]  {It is 
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. 

 
Figure 33: VFE User Options – General 
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Figure 34: VFE User Options – File Locations 

 

• 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. 

 
Figure 35: VFE Model Stats Count 
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• 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.} 

• 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}.  

• 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.  

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

• 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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Figure 36: VFE Case Manager 

 

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

• 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]; 

• 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_WrkPIEM folder] 
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• CPLEX – the solver control file that is to be used [this should always be CPLEX or 
OTHER when using a custom control file.]. 

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

• Control Panel – see explanation below. 

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

• 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. 

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

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

• 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 III.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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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 III.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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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 II.C.7. For Pak-IEM it is necessary to sequence the 
Scenarios like as follows: 

• BASE – All B-Y template data (and the BY_Trans) 

• NewTech SubRES – New resource and technology options 

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

• 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) 

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

• 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. 

 
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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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. 

 
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 III.A.1 and the next sections. 

 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 72 

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 
\VEDA 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.  

 
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 
\VEDA\VEDA_FE\VEDA_Models folder. The associated Pak-IEM model results are kept in a 

http://www.kanors.com/VedaSupport/index.htm
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PIEM_VBE folder that resides under the \VEDA\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_WrkTIMES or GAMS_WrkPIEM) must coincide with the VBE Import folder handled 
via the Manage Import File Locations option, as shown below. 

 
Figure 43: Connecting VBE Results Import with VFE Run Folder 

 

4.3. VFE-Navigator SYNC Problems 
As discussed in Section III.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: 

• 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 UPD/INS conflict 
• Commodity in/out 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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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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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 PakIEM_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 PakIEM_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: 

• CL_EnergyBalance-Consumption – provides energy consumption data by sector in 
2007 

• CL_EnergyBalance-Production – provides energy production data in 2007 
• CL_Power Plants Consumption – provides power plant energy consumption data in 

2007 
• 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. 

• 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 

 

• 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 

 

 

• 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. 

• 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 I – 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 
efficient, may enter the energy system or level of the "hurdle rate6" 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 I – 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 I – 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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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 I – 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 

http://www.kanors.com/VedaSupport/index.htm
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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 IV.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.  

 

 
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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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 Constraint7 (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.  

 

 
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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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). 

~TFM_FILL
Operation_Sum_Avg_CScenario Name Attribute Year PAK Pset_PN
AVERAGE VALUE 
(RETURNED) *

Model 
Year Plant (Model) Name

A BASE AFA 2007 0.85 ETSTMNGA-GUDIV-E
A BASE AFA 2007 0.30 ETSTMNGA-GUDIII-E
A BASE AFA 2007 0.91 ETCCNGA-GUDII-E
A BASE AFA 2007 0.99 ETCCNGA-GUDI-E
A BASE AFA 2007 0.73 ETSTMNGA-M-GARI-E
A BASE AFA 2007 0.83 ETSTMNGA-M-GARII-E
A BASE AFA 2007 0.61 ETSTMNGA-M-GARIII-E
A BASE AFA 2007 0.56 ETSTMNGA-JAMI-E
A BASE AFA 2007 0.83 ETSTMNGA-JAMII-E
A BASE AFA 2007 0.28 ETGTNGA-FABVI-E
A BASE AFA 2007 0.38 ETCCNGA-FABIV-E
A BASE AFA 2007 0.67 ETSTMNGA-MULVII-E
A BASE AFA 2007 0.24 ETGTNGA-KOTIV-E
A BASE AFA 2007 0.71 ETCCNGA-KOTIII-E
A BASE AFA 2007 0.52 ETSTMCOA-LAK-E
A BASE AFA 2007 0.63 ETSTMNGA-FABV-E
A BASE AFA 2007 0.10 ETGTNGA-SHA-E
A BASE AFA 2007 0.22 ETGTNGA-QUE-E
A BASE AFA 2007 0.54 ETSTMNGA-BinQa-E
A BASE AFA 2007 0.38 ETSTMNGA-Korangi-E
A BASE AFA 2007 0.23 ETGTNGA-SITE-E
A BASE AFA 2007 0.42 ETGTNGA-Korangi-E
A BASE AFA 2007 0.70 ETCCNGA-Kot-E
A BASE AFA 2007 0.69 ETSTMHFO-Hub-E
A BASE AFA 2007 0.74 ETENGHFO-Kho-E
A BASE AFA 2007 0.44 ETSTMHFO-AESL-E
A BASE AFA 2007 0.63 ETSTMHFO-AESP-E
A BASE AFA 2007 0.52 ETENGHFO-Sou-E
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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.8   

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_LumpyInv 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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Figure 55: NewTech SubRes Declaration for Discrete Investment Option 

 

 

 
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. 

~FI_Process
Sets TechName TechDesc Tact Tcap Tslvl PrimaryCG Vintage

\I: Set Membership Technology Name Technology Description Input Share Lifetime

Timeslice 
Operational 

Level

Operational 
Commodity 

Group
Vintage 

Tracking
ELE ETCCNGA-N New Gas Turbine Open Cycle - Gas or F  PJ GW DAYNITE YES

ETCCHFO-N New Heavy Oil Reciprocating engines w   PJ GW DAYNITE
ETSTMHFO-N New Heavy Oil Steam turbine with Rehea    PJ GW DAYNITE
ETIGCCCOA-N New Coal Integrated Gasification Combi   PJ GW YES
ETCCNGAHFO-N New Gas turbine Combined Cycle - Natu    PJ GW DAYNITE YES
ETCCRNGAHFO-N New Gas turbine Combined Cycle with R      PJ GW DAYNITE
ETSTMNUC-N New Nuclear Power Plant PJ GW YES
ETSTMCOAP-N New Coal Steam Turbine Plant (using im  PJ GW YES
ETSTMCOA-N New Coal Supercritical Steam turbine Po   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 GW 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 GW SEASON
ERDAMHYD-Keyal-N New Hydro Power Project Keyal Khwa PJ GW 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 GW SEASON

New Processes - Electricity Sector
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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 I –  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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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. 

 

 
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. 

 
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. 

 
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 I – 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 I –  Model Design, 
while this section of the User’s Guide only presents the mechanism for inputting the 

No Central Asia Pipeline
Prevent any output from the pipeline

~TFM_UPD
TimeSlice LimType Attribute Year PAK Pset_PN

\I: TimeSlice Level Bound Type * Data Value Process Name Qualifier
UP FLO_BND 2020 0 IMPGASRAW-CentASIA-N

FLO_BND 0 5 IMPGASRAW-CentASIA-N

Get 1st year coal from each province

~TFM_FILL
Operation_Sum_Avg_Count Scenario Name Attribute Year PAK Pset_PN

\I:  SUM VALUE (RETURNED) *
Model 
Year

Technology 
Name

S BASE FLO_BND 2007 36.21 MINCOADN
S 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_Desc UC_N Pset_PN Cset_CN LimType 2008 2030
UC_RHSRTS
~2008 UC_RHSRTS~0

\I: Description of Constraint Name of the equation Process  Qualifier
Type of UC 
limit

RHS Interpolate 
Rule

Relaxation 
Factor

Share of BALOCHISTAN coal SU_SUP_COADN MINCOAD*,-MINCOADR,-MINCOADN COAD UP -0.50 -0.70 0 5 1.4
MINCOADN COAD 0.50 0.30

Share of PUNJAB coal SU_SUP_COADB MINCOAD*,-MINCOADR,-MINCOADB COAD UP -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 -0.27 -0.38 0 5 1.4
MINCOADH COAD 0.73 0.62
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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. 

• 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. 

• 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.  

• 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. 

• 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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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: 

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

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

• 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. 

• 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.  

• 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. 

 
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).  

 
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.  

 
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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o The first limits investment in retrofit technology to not exceed existing stock. 
o The second states what the stock is, and that new tech capacity cannot 

exceed the remaining stock in any given year. 
o 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).  

 
Figure 66: IND_Retrofit Sheet in SCEN_REF-DMD 

 
• 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 I6 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. 

 
Figure 67: Fuel Price Sector Markup Worksheet 

 

Note that VAROM uses the standard default inter/extrapolation rule 0, 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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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.  

 
Figure 69: Reference Scenario Results – New Power Plants by Fuel Group 
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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 IV.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 
• Timing of major projects  

o Development of Thar coal reserves 
o Additional nuclear plants 
o Construction and timing of large hydropower plants 
o Large import infrastructure projects for gas and electricity 
 Limits on available capital funds 

• Energy security and sustainability 
o Rate load-shedding eliminated 
o Increased use of domestic resources 
o Promotion of renewable energy 
o Promoting energy efficiency and conservation programs 
o 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. 

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 II – 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.  

 
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: 

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

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

• 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:I2) 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.}  

  

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: 

• 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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• Adjusts the gas to oil price ratios (R13:S14), if desired. 

• 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. 

 
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. 

 

 
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: 

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

• VFE Scenario Insert/Update, shown below 
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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 commodity 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.  



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 105 

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: 

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

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

• 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. 

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

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

• 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. 

• An override qualification by a Global Filter applied to each table request, which is 
particularly useful for switching Scenarios. 

• 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_WrkPIEM), 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]/ ] 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 \VEDA\VEDA_FE\GAMS_WrkPIEM folder.  
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Figure 77: Linking VBE to the GAMS_WrkPIEM 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 
Commodity 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.  
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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: 

o VAR_Fin  – consumption level of each commodity by a process 

o VAR_Fout – production level for each commodity by a process 

o VAR_Act – total output from a process 

o VAR_Ncap – incremental capacity additions (new builds) 

o VAR_Cap – total installed capacity in place in a period 

o ObjZ – total discounted system cost 

o Cost_* – various costs (e.g., investment, supply, O&M) calculated by the 
TIMES report writer 

o *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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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 

o 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) 
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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 Commodity 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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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 I – 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. 
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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: 

• 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. 

• 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. 

• 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 

 

 
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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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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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: 

• Tables with appropriate units are defined 

• The tables to be exported are laid out in their desired orientation and formatted 
appropriately 

• Tables are exported to an Excel workbook with properly formatted destination tables 

• All desired graphs and repeated operations are created in the workbook 

• 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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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 
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 / . 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\VEDA_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.] 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 122 

 
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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Figure 94: PAK-IEM Commodity Sets 
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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. 

 
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 PakIEM_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. 

 
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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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: 

• SysCost – Total discounted energy system cost (the objective function), and the 
aggregate annual costs by sector 

• 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 

• 01_ – Contain demand sector details of energy consumption and technology choice 
by subsector 

• 02_ – Further break downs of the residential sector into urban and rural 
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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. 

 
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. 

 
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. 

 
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. 

 

 
Figure 104: VBE Log File 
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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. 
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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, CO2 
emissions, and sector-specific details.  

A collection of Visual Basic functions available in the Analytics workbook enables: 

• Scenarios to be added, deleted or renamed 

• The workbook to be readied for updating all or only selective scenarios using the 
VEDA-BE (VBE) Update Excel function  

• Scenarios to be selected for display on the various results graphs to facilitate 
examining and digesting the model results  

• 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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Ran the old Setup to do Remove. Closed it and upRARed the new one. Ran Setup to Install and get 
this. When I 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. 

 

 
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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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. 

 
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. 

 
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:  

• Level of the 4 selected scenarios – side-by-side 

• Level of the first (typically reference) scenario only 

• Difference of scenarios 2, 3, and 4 compared to scenario 1 

• Percentage difference from scenario 1 

 



Pakistan Integrated Energy Model  ADB TA No. 4982-PAK 

Pak-IEM Final Report Volume III – Users' Guide  Page 137 

 
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 CO2 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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Figure 112: Scenario Worksheet 

 

Table 13: Analytics Add-in VBA Commands 
Sheet Type Function Description Cell-specific 

VEDA_Dump Square Table 

Ensures each scenario has all rows, 
determines ensuing table block size, 
establishes the graphing sheet [requires 
pre-linking of the graph sheet to the 
results table] 

Can be accessed only 
from cells containing 
Table Name in row 5. 

Scenarios 

Add Scenario(s) Adds a scenario to every VEDA_Dump 
table and each Graph sheet  

Delete Scenario(s) Removes a scenario from every 
VEDA_Dump table and each Graph sheet  

Rename Scenario Changes a scenario name on all the 
VEDA_Dump and Graph sheets 

Needs to be accessed 
from cell containing 
scenario name 

Refresh Graphs - All Updates the scenarios graphed on all the 
Graph sheets  

Prepare for Update 

Prefixes "*" to scenarios (so not seen by 
VBE_Update Excel), removes formatting 
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 
 

Graphing 
Sheets Add Period Inserts a period in the graph sheet tables 

to the right of the last period 

Can only be run from 
the period header cells 
in the blue area. 
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Delete Period Remove a period from the graph sheet 
table 

Can only be run from 
the period header cells 
in the blue area. 

Establish Links 

After pointing cell [B7] to the associated 
VEDA_Dump table name cell [in row 5] 
does an update to the blue data area 
links 

Can be accessed only 
from cell B7 on the 
graphing sheets. 

Refresh Graphs - 
Sheet 

Refresh the graphs on just the current 
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.” 

 
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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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.  

 
Figure 116: Prepare for Updates Command 
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3. Run the 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.} 

 

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). 

 

 
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 names 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. 

 

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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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. 

 

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 a new Table in 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. 

 

 

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 
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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. 

 

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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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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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. 

 

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: 

• VEDA-FE templates containing the model input and source data (and the associated 
databases), this includes the policy scenarios and other sensitivity files assembled 

• 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 

• 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 detail in Section II.A. All these files reside in a folder, the 
\VEDA\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:  

• Simply replace (overwrite) the current VEDA_SnT on their computer with the new file 
(with VEDA-BE closed), or 

• 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 III.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: 

• Rename their existing PIEM_VBE folder to PIEM_VBE(<date>) to freeze it. 

• Save the RARed copy of the new PIEM_VBE folder in their VBE Databases folder. 

• Unzip the RAR using “Extract here.” 

• 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 
questions 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 
questions and carryout the exercises presented here remains essentially the same.  

A. Pak-IEM Questions for New Users 

1. Templates 
1. In what folder does the PIEM_TMPL_<date> RAR file belong when distributed? 

2. How do you change the model you are working with? 

3. How many different groups of workbooks does VEDA handle? 

4. How do you open the folder associated with a template group? 

5. In which workbook are the model regions, sectors, periods and timeslices defined? 

6. How many Base Year templates are there in Pak-IEM? 

7. What sheets contain the declarations for the RES components? 

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? 

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 
1. What is the difference between the 2 views for examining the data via Browse? 

2. How many selection criteria windows does Browse provide? Which ones are used most 
often and for what purpose? 

3. What are the 2 ways to limit the lists in the Browse selection windows? 

4. What are the 2 ways to select items in the lists? 

5. How can you tell how many items are currently selected in a list? 

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? 

7. What information does the YEAR-0 column handle? 

8. What are the qualifiers for each row in the Browse table below? 

 
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 
1. How do you bring the results into VEDA-BE? 

2. What are the key features available in VEDA-BE for controlling how results are 
examined? 

3. How is the main VBE form apportioned? 

4. What do the tabs on right correspond to? 

5. What is on the top half of the Process tab? 

6. What three way can you see the “rule” associate with a set? 

7. How can you tell what table a process set is used in? 

8. Global Filters 

a) What is the purpose of the Global Filter? 

b) What 2 ways can you select elements for a Global Filter? 

c) 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  
1. What is the total amount of domestic supply (including renewables)? 

2. Which refinery produced the most LDO [NB. changed from LSD]? 

3. How much natural gas is consumed in the power sector? 

4. What is the total installed hydro capacity? 

5. How much electricity is generated from hydro plants in the summer day timeslice? 

6. What sector is consuming the least amount energy, and what is the level? 

7. How much gasoline is consumed in the transportation sector? 

8. 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 2030? 

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 2030? 

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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1. Which model run has the lowest overall system cost? 

2. What happens to total imports when for the 3 sensitivity runs? 

3. 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 2030? 

4. How much is saved starting in 2030 each year on the expenditure for fuel when following 
Best practices? 

5. How many GW less new capacity is installed in each of the three alternate scenarios?  

6. How many less GWh of electricity are required per annum under each alternate scenario 
in 2025?  

7. Discuss the impact on electricity prices in 2025 for each scenario? 

8. 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 CO2 emissions? 
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B. Answers9 to the Pak-IEM Questions 

1. Templates 
1. In what folder does the PIEM_TMPL_<date> RAR file belong when distributed? 

The …\VEDA\VEDA_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. 

 

 

 

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. 

Click on the bar containing 
the address of an opened 
model 

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. 
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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.  

Seven Groups of workbooks are 
handled by VEDA as represented with 
numbers. 

1 

2 

3 

5 

4 

6 

7 
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7. What sheets contain the declarations for the RES components? 

Processes and Commodities. 

Base year templates 
shown here in Pak-IEM 
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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. 

Commodity and 
Process sheets 
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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.  

Units used for 
technologies 
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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. 

 
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 Commodity lists, and as sets 

A 

B 

C 

31 Items are selected. 
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in the templates when specifying qualifiers in Scenario files. It is associated with VFE by 
means of the Tools/User Options/File Location. 

 
7. 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 
II.D.2), though many other instances may also occur.] 

8. 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. 

 
 

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 removed/filtered 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. 

 

 

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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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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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 commodities.  
This can be examined via RES or Commodity/Process Master. (See RES example below 
- click on the commodity to cascade to the next one). 

  

In VEDA, right click on 
PROCESS and select 
search. In the box of 
Include Items, I put 
“ELCNGA” and in the 
Exclude box put 
“ELCNGAHFO” then 
click Select All and 
Done as shown. 
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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. 
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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. 

 

 
 

3. How many cars are in the in the base year model?  

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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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_WrkPIEM (or GAMS_WrkTIMES) 
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. 

 

 

2. What are the key features available in VBE for controlling how results are examined? 

Tables and Sets. 

3. How is the main VBE form apportioned? 

The left shows the current table definition and the right the individual tabs comprising the 
results data component indexes and their associated lists. 
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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. 

 

 

 

 

 

 

 

 

e) How do you turn it off, temporarily? 

Un-check the tick box. 

9. 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. 

 

 

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_HYDRO2 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. 
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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 Commodity 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 in/out flows depending upon the state of the  button (shown here to display 
in/out flows only). 

 

 

 

 

 

 

 

 

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-I 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 

.to view all or selected tables in the folder. Note that the Table Master will 
automatically export the tables to an Excel file. 

  

 

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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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.  
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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. 

 
 

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. 
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7. 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. 

8. 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. 

9. 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. 

10. 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 Commodity 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). 

 

 

11. 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 Commodity 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. 

 
 

7. Reference Scenario Model Results  
1. What is the total cost of the Pakistan energy system over the 2040 modeling horizon? 

[$964,158.28Million] 

 
2. By how much does the share of imports in total supply change in 2030 compared with 

2007? 

[9.11% more imports] 
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3. Which supply option increases the most (ktoe) between 2007-2030? 

[coal, going from 4.43Mtoe to 44.80Mtoe] 

 

 

 

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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5. How much (percent) does electricity generation increase by 2030, and explain the shift in 
electricity generation mix between 2007 and 2030? 

[Total generation increases 353%, with a major shift to coal and nuclear at the expense of 
oil.] 

 
 

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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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] 

 

 

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] 
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9. In which period is total gas consumption the lowest, and what is that value? 

[2025 at 25.68Mtoe] 

 

 

10. What is the annual expenditure on the energy system in 2030, and what percentage 
increase occurs in the resource supply costs by 2030? 

[$125,735 Million, 293%] 
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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.] 

 

 

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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11. Which model run has the lowest overall system cost? 

[The low demand run, P_DemL with $775,578Million.] 

 
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  
Imports 

 Mtoe % 
Difference 

Reference 2,110   

Reference with Best+MoreDom -135 -6.40% 

No Thar Coal & Nuclear+Hydro 
Delay  406 19.23% 

No Thar+ImpCoalPP & Delay 
Nuke+Hydro with Best & 
MoreOilGas 

17 0.78% 

 

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 2030? 

[Natural gas and renewables, 19Mtoe, 11Mtoe, wind] 

 
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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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  
New PPs 

 Mtoe % Difference 

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 
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 2025?  

[37/72/74GWh less respectively] 
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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] 

 
19. What is the increased renewables to the Residential sector used for? 

[cooking] 
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20. What is the impact of the No Thar/delay on the contributors to CO2 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.] 
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