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Introduction

EnergyScape is a project which established a fraorlethat enables interpretation of New Zealands’
energy future subject to international market migcand domestic policy. In order to encourage adbro
range of stakeholders to contribute and draw orfrdmework, a relatively self-explanatory energy
network data presentation tool was required. Adtezview of the available energy system modelling a
display tools, the EnergyScape team identified timaforoduct LEAP (Long-range Energy Alternatives
Planning System) was most the most suitable platfor EnergyScape.

LEAP, the Long-range Energy Alternatives Planniggiam, is an advanced Windows-based software tool
for integrated energy-environment mitigation analys. EAP has been developed by the Stockholm
Environment Institute-Bostomfvw.seib.org with support from international organizationsteet the

needs of researchers, NGOs and government agevaitbvide.

LEAP is the most widely-used tool of its kind iretiVorld today with over two thousand users in more
than 140 countries. LEAP has been adopted as ¢theftechoice by numerous countries wishing to plan
their energy systems to meet sustainable developgoeats. Its policy-relevant focus on basic-needs
energy use, energy efficiency, and the environneit@ensions of energy planning make it a powerful
tool to promote rational, environmentally-sound rg@zhes in the energy sector.

This document intends to be a brief descriptiohlE&eAP capabilities regarding EnergyScape products. A
full user guide is available at the COMMEND webgttep://www.energycommunity.org/webhelp/index.hxml

Installation

Theminimum system requirements for running LEAP are:

Processor 400 MHz Intel® Pentium® class PC or cdiilga

Memory 64 MB RAM

Disk 100 MB free

Operative System Microsoft® Windows® 98 or laterifdbws® NT/2000 or XP
recommended)

Web browser Microsoft ® Internet Explorer 4.0 dela

Access rights to PC Full install rights required.
Note: When running in Windows® Vista® LEAP requires
administrator rights.

Multi-user system LEAP is designed as a single-agstem. The developers do not
recommend running LEAP from a shared network drive.

LEAP does not require an internet connection taateeexcept for automatic updates and specific
communication tasks (datasets download, emailingse#s). LEAP can communicate directly with
Microsoft® Excel®, Microsoft® Word® and MicrosoftRowerPoint® but they are not required.

A free demo version of the software LEAP can bemloaded from the COMMEND website
(http://www.energycommunity.orpéfter first undertaking the free registration.

The demo installer operates in a READ-ONLY mode #tl@ws opening and working with the full
functionalities of the system, but all saving opiare disabled.

O All rights reserved. This publication may not lepnoduced or copied in any form without the periis®f the client. Such
permission is to be given only in accordance withterms of the client's contract with NIWA. Thigpgright extends to all forms of
copying and any storage of material in any kinth@rmation retrieval system.



Once the installer (SETUP.EXE) has been downloadedble click on it to begin the installation and
follow the instructions.

Once the installer (SETUP.EXE) has been downloaahedinstalled, it is possible to view the Energyca
public sampleHttp://www.niwascience.co.nz/ncces/projects/enaraye/accessing_ledp/

Freedonia

LEAP comes with an example dataset called FREEDQHIfictitious area with all the necessary
information to test the capabilities of LEAP.

Figure 1 — FREEDONIA environment when opening for he first time.
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EnergyScape sample

A sample EnergyScape produEinergyScape_Public )®@as been provided on the NIWA website
(http://www.niwascience.co.nz/ncces/projects/enargye/accessing_ledp/lhis sample product provides a
demonstration of how LEAP can communicate infororattbout New Zealands’ energy network.

Each year the Ministry of Economic Development éssa verified annual snapshot of New Zealands’
energy system. This sample represents the prodii¢ctemsmission, demand and cost data that is ioeata
within ‘New Zealand Energy Data File 2005’.

Opening the sample
To open the sample, click on OPENBROWSE, and then selednergyScape_Public_C.ZIP

We recommend that you save this ZIP file to a rhéwirectory on the local hard disc.

Figure 2 — Browsing for a new area
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Once the file has been selected, LEAP will copydata into a working directory (My Documents\LEAP
Areas) and display the information. Now that youéhauccessfully installed LEAP and the sample, you
can browse through it as you wish.

The continued instructions below, step the userutin a few LEAP functions so that the user has
improved familiarity with LEAP.
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Visualisation of energy network structure

LEAP provides a simple overview diagram of the niledienetwork structure. To find this image, just
select the diagram icon in the left hand panel EBgare 3).

Figure 3 — Locating a visualisation of the structue
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This will then bring up an image of the energywaak structure (see Figure 4). It is note worthgtth
LEAP is demand side driven, hence demand is debanehe left hand side. Sources of primary energy
(on the right hand side of the diagram) feed ihttansformation and distribution modules befaimd
utilised in the demand area.

Figure 4 — Structure of energy network
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The details of the links and specifications of t@dules can be viewed in the Analysis section [sgere
5).
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Figure 5 — Accessing the analysis section
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Each module in the structure is listed under tha ¢ia the middle panel). The data in thee is organized
by categories that can have a number of levelsnitpg on the complexity of the system being modklle

To see the complete tree, click on the top mene Tréexpand All. That command opens all the branches
in the area and that is the maximum amount of batailable on this sample.

Alternatively, a more manageable level of detail ba obtained by clicking Tree Outline Level 2.
The result is illustrated in Figure 6.
Figure 6 — Tree expanded to level 2
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If you click on the different branches you will sisat the information begins to be accessible. Wiestep
through each of thieranches.

It is noted, that for now we will restrict the digp to what is called Current Accounts (see FigQtelhe
Current Accounts correspond to the constant vahegsall the variables have for the first yearredf t
simulations (in this case, 2005). Later in thisdguive will go into the different scenarios avai&fur this
area and how the data is entered as a time series.
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Key Assumptions branch

The firstbranch (Key Assumptions) is used to store values relef@rthe calculation of the energy
consumption or generation in the area.

Figure 7 — Key Assumptions branch
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In the provided sample, there are 5 assumptionsaty Growth”, “Oil Price Growth” and “Electricity
Price Growth”. These assumptions are related tgtbeth of the demand and its costs in the future.

» Steady Growth. The sample nominates a 3% growtheidemand for energy between 2005 and
2050. This is not an official estimate of forecgsiwth, merely a reasonable number to drive the
model.

* Oil Price Growth. The sample nominates a 15% esoal&n the price of crude oil and oil
products between 2005 and 2015, followed by a 38€&lation in the price towards 2050. This is
not an official estimate, and is higher than histrtrends, but has been set to demonstrate the
potential effects of peak oil.

» Electricity Price Growth. The sample nominates #Xcalation in the price of electricity to
consumers between 2005 and 2050. The ratio of petgeen commercial, industrial and
residential will be held constant. This is not dfic@l estimate, but is higher than historicalrtds
based on the expectation of grid and network upggaequired as energy intensity increases.

* Number of domestic transport vehicles. A paramesed to characterise the transportation
demand.

* Number of electric vehicles. A parameter used taratterise the transportation demand.
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Demand branch

The secondbranch (Demand) is used to store values relevant to emmyggumption. The first click on the
demand branch does not yield much detail. We nego tdeeper into the tree by expanding sub-branches
(try clicking on the (+) next to demand). In théagple, there are nine sub-branches [Sgare 8).

Figure 8 — Accessing demand sub-branches
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Each of these sub-branches corresponds to a diffdegnand sector. If you click dndustrial sub-branch

you will see that four (4) tabs appear in the rigamel, namely: Activity Level, Final Energy Intéys
Demand Costs and All Variables.

Activity Level. Is a measure of the activity assded with the respective demand. For example, it
could mean the number of hours that a procesdiigeatduring a year or it could be the kilometres
travelled by a vehicle type. In this sample thévégtlevel is normalized to 1 for 2005, therefore,

a value of 1.5 would mean a 50% higher activityntha2005.

Final Energy Intensity. Is the energy required iy ¢orresponding Activity Level. If the activity
level is expressed in hours/yr, then the energnisity would be in <energy>/hours. In our case,
the energy intensity is the energy consumptionrduiO05 in Petajoules.

Demand Costs. This corresponds to the costs @rbegy consumed within this branch. It can be
expressed as total cost, energy savings or afitliss sample, as Activity Cost. The activity tos
is related to the activity level. Therefore, asame using the activity level being the activity
relative to 2005, the activity costs must be thaltoosts for 2005.
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Environmental impact and cost data detail

In the sample, we have added more detail intogkiglential branch, in order to demonstrate how
environmental data is handled.

The residential sub-branch has been broken intbdusub-sectors, namely: Space Heating, Cooking,
Electrical, Lighting, Refrigeration and Water Heati The user must expand this sub-sectors before
getting data detail.

Each sub-sector has the capacity to use sevefatdtif fuels (e.g. oil products, natural gas, wand
electricity). If the user click on these click omyeof these technologies (e.g oil products) theitebe

five tabs in the right panel — the four that yow$a the industrial branch and an ‘Environmental
Loadings’ tab. It is here that any environmentgbawt (emissions or other impacts) are characterized
Opening the Environmental Loadings tab we will @udat the emission factor associated with the oil
products used for residential space heating is 6004/TJ.

Another very useful tab is the ‘All Variables’ tabhis tab displays all the relevant variables far t
selected branch (see Figure 9).

Figure 9 — ‘All variables’ tab
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The information available for this branch cons@t®emand Cost, Activity Level and Final Energy
Intensity. The relationship between these paraméser

Energy Consumption = Final Energy Intensity x Aityi\Level
Total Cost = Demand Cost (Activity cost) x ActivLevel

All the branches under Demand have the same steuahd contain the same kind of information
available (Final Energy Intensity, Activity Lev&emand Cost and Environmental Loadings).

Before going into the Transformation branch, wd firét become familiar with scenarios and time
series data.
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Scenarios and time series data

In the sample we have provided two very simplifiednarios:

1. Basic scenario This corresponds to steady growth of all the gnelemands. The growth is
defined by the Steady Growth variable under KeyuAgstions and it is used in the scenario
through the Activity Level for each branch. There some simple product price changes
governed by the Qil Price Growth and ElectriciticBrGrowth variables under Key
Assumptions. The price growth is input in the matiebugh the Demand Cost for each
branch.

2. Electric cars. This scenario is identical to the Basic scenarizepkthat
Demand\Transport\Domestic Transport is split in fuels (Oil Products and Electricity) so
that part of the Domestic Transport demand is sebyeelectric cars and the rest by
conventional vehicles.

Above the tabs in the right hand panel is a pullidonenu which enables the user to obtain data from
difference demand scenarios. For this exercisey tpe‘Demand\Residentia\Space Heating’ branch
and change the scenario to “All Scenarios” (seeif€id 0). You should notice that there is now more
data on every tab.

Figure 10 — Scenario selector pull down menu
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Figure 11 — Activity level data for ‘Demand\Residetial\Space Heating’ branch
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The Activity Level identified for Current Accounis the value of the parameter in the first yeathef
simulation (2005). The expression next to Basin&de and Electric Cars identifies a formula used t
a assign a value for each of the year of the sitimuldor the given scenario. The function usedhiese
scenario is an interpolation function (Growth) ubgd_EAP to enable compound growth of demand.
The syntax used here applies the growth defingdarSteady Growth variable in the Key
Assumptions section every year from 2005 to 2050.

For more details about this and other functionagseuse LEAPS help or user guide.

In the Demand Cost tab (sEgure 12) the expressions defining the costs for the difféiscenarios
relate to the cost oil and electricity price growdltes defined in the Key Assumptions.

Figure 12 — Demand cost tab for Demand\Residenti@pace Heating\Oil Products branch
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Electric Cars 63,46 Inkerpi2005, 1, 2050, 14ail price growth) Million 1.5, Daollar per Unspecified Unit Ackivity Cost
Natural Gas Current Accounts 106,32 Millian 1.5, Dallar per Unspecified Uik Ackivity Cost
BasicScenario 106,32 Million 1.5, Dallar per Unspecified Unit Activity Cost
Electric Cars 106,52 Million 1.5, Dallar per Unspecified Unit Activity Cost
‘Wood Current Accounts 51.05 Million 1.5, Dallar per Unspecified Unit Ackivity Cost
BasicScenario 51.05 Million 1.5, Dollar per Unspecified Unit Activity Cost
Electric Cars 51.05 Million 1.5, Dollar per Unspecified Unit Activity Cost
Eleckricity Current Accounts §77.57 Million .5, Dollar per Unspecified Unit Ackivity Cost
! Basic3cenario &77.57*Inkerp(2005, 1,2050, 1+¢ price growth) Million 1.5, Dollar per Unspecified Unit Ackivity Cost
Electric Cars §77.57*Inkerp(2005,1,2050, 14+¢ price growth) Million 1.5, Daollar per Unspecified Unit Ackiviky Cost

It is noted that some of the prices do not change time (e.g wood, natural gas) while others & z
(e.g solar). If you want to change the growth ditthe prices you just need to change the
corresponding value under Key Assumptions.
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Developing an electric car scenario

In the sample we have only partially completed ttgyiag the electric car scenario. We did this by:

1. Copying the basic scenario and saving it as etecti scenario (Manage Scenario, Add
(Electric Cars), Inherit from Current Accounts)

2. Adding ‘number of cars’ as a key assumption (Kegukaption, Add, Units (Million
vehicles)).

3. Adding ‘number of electric cars’ as a key assumitKey Assumption, Add, Units (Million
vehicles))

What is needed to complete the process is:
4. Change the activity level for domestic transporb¢o
66.49 billion passenger kilometres with Growth(K&g@ady Growth[% Growth]/100)
5. Change the activity share for domestic transparfy@iducts to be:

100*(Key\Number of Cars[Million Vehicles]-Key\Numbef Electric Cars[Million
Vehicles])/Key\Number of Cars[Million Vehicles]

6. Change the activity share for domestic transparteicity to be: Remainder(100)

7. Change the final energy intensity for domestic $paot\Qil products to decline from 2.13 in
2005, to 1.94 in 2030, and 1.14 in 2050 MJ/ Pkt.

8. Change the final energy intensity for domestic $part\Electricity to constantly be:
94/1.52/100 MJ/ Pkt

It should be noted that the share of the domestitsport market that is electric vehicles doeshave
be defined directly as a time series in the elesehicle share, rather it can relate to the nurober
electric vehicles defined in (Key Assumptions\Numbkelectric vehicles). This is a very important
point for the consistency of the scenarios, sihnesé parameters are available to all scenarios.

To aid you, we have copied the required lines theonotes areas of the processes (see Figure 13

below).
Figure 13 — Notes area provides text for the scenardevelopment example
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What the respective tabs should look like is depidhError! Reference source not found.below.

Figure 14 — Transport tabs at completion of scenaoi development
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Electricity Current Accounts o Percent Share of Passenger-kms
BasicScenatio Remainder(100) Percent Share of Passenger-kms
Electric Cars Remainder(100) Percent Share of Passenger-kms
i
(h * | Branch: Demand |, Transport | Domestic Transport |, Oil Products .
Eariable:IFinaI Energy Intensity j |§cenario:|AII Scenatios j| [ Manage Scenarios -? =
Activity Level | Final Energy Intensity | Demand Cost " Environmental Loading " Al Yariables l
Final Energy Intensity: Annual final consumption of fuel per unit of activity level (For energy and non-energy purposes), | €2 Help
Branch Scenatio Fuel ) ; -
e ‘ Mamme Mamme Expression Scale ‘ Uniks ‘ Per |
Oil Products Current Accounts Oil Products Megajoule per Passenger-km
BasicScenario Oil Products Interp(Z005,2,13,2030,1,94,2050,1,14) Megajoule per Passenger-km
Electric Cars Oil Products Interp(Z005,2,13,2030,1,94,2050,1,14) Megajoule per Passenger-km __|
Electricity Current Accounts Electricity 94/1,52/100 Megajoule per Passenger-km
EBasicScenario Electricity 94/1.52/100 Megajoule per Passenger-km
Electric Cars Electricity 94/1,52/100 Megajoule per Passenger-km

-l
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Transformation branch

The thirdbranch (Transfomation) is used to detail the processestake the primary resources and make
them available to the demand. This part of the isgrarticularly sensitive to the order in whicle th
modules are placed in the tree. The first moduenfthe top should be the module that delivers tiezgy
directly to the demand and the chain of transfoimnatshould follow on subsequent sub-branches.

There are two types of modules in this sample area.

i. “Simple” modules, which are generally used for sraission, where the relevant information

includes:

« Efficiency
¢ Costs

e Environmental impact.

ii. “Detailed” modules, which can have more than ompelirand/or output fuel, where the

relevant information includes:

e Capacity
e Availability
- Efficiency

e Historical production
e Costs (capital, decommissioning and fixed and égiaperational costs)

* Lifetime

«  Environmental impact

*  Export / import requirements.

TheNational Grid module is an example of a “simple” module with sdstr the fuel delivered. The All
Variables tab of this module is illustratedfilgure 15Here cost of fuel, the heat rate, and the efiicye
of the process as well as the variable operatistscare documented. In this sample, only the Eost
and the Efficiency are input. The Heat Rate isudated internally by LEAP to match the Efficiendshe
Variable OM Cost is set to zero for simplicity. Bganging the view from Current Accounts to All
Scenarios shows the change in the Fuel Cost justvas expressed in the Demand branches.

Figure 15 — All variables tab ofNational Grid

@ Branch: Transformation | Mational Grid ) Processes | ..

Wariable: | All Variables ¢ |iScenario| Current Accounts v |0 (B Manage Scenarios

Heat Rate | Efficiency || Variable OM Cost | Fuel Cost

all Variables

Yariable OM Cost: Annual wariable operating and maintenance costs per unit of energy consumed or produced W Help

‘ariable
Mame
Fuel Cost 16,667
Heat Rate <calculated >
Efficiency 95,9
Wariable OM Cost 0

Expression

Scale

Percent

s
Lnit
1.5, Dollar/Giga). ..
Petajoule/Kilowa. ..

Efficiency
.5, Dollar/Petaj. ..
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The Cogeneration BMWF module is an example of a “detailed” module witlo feedstock fuels (Biomass
Whole Forest and Biomass Waste Water) and one piutpu(Electricity). The All Variables tab of this
module is illustrated ifrigure 16. Most of the items are self explanatory but catste taken with
Process Shares if more than one process is invaivibe module. For simplicity all modules in trengle
have only one process under them. Note that theesdbr the Exogenous Capacity correspond to the
minimum capacity required to satisfy the reportedeagation / production for 2005. Also, the Efficign
corresponds to the reported values for 2005 asatiebetween the output and the input in energisun
This module does not have Fuel Costs associatéditféedstock fuels but others like Petroleum
Refining\Crude Oil do have costs and those costsiathe same way as the Demand costs, changing in
time for the different scenarios in this sample.

Figure 16 — All variables tab of Cogeneration BMWF

G Branch: Transformation | Cogeneration BMWE | Processes | ...

Yariable:| &l Yariables Egcenario: Current Accounts % |: B Manage Scenarios =

Endogenous Capacity | Maximum Availability | Capital Cost | Fixed OM Cost | Variable OM Cost | Fuel Cost | Decomissiong Cost
Dispatch Rules | First Simulation Year | Process Shares || Heat Rate | Efficiency | Historical Production | Exogenous Capacity
Capacity Credit | InterestRate | Lifetime | Al Varibles

Lifitime: Lifetimme of process: used ko ammartize capital costs and ta retire rebuild endogenously added plants (Years). | @) Help |

Yariable

Name Expression Scale Unik: ‘

Lifetime: 30 Years
Interest Rate 0 Percent
Fuel Cost 1} 1.5, Dollar/Petaj...
Heat Rate <calculated = Petajoule/Kilowa. ..
Capacity Credit 100 Percent
Firsk Simulation Year 2001 Year
Exngenous Capacity 72713 Megawatt

] Efficiency 30.1 Percent Efficiency
Process Shares 100 Percent Share
Histarical Praduction 2.293 Petajoule
Maximum Availability 100 Percent
Capital Cost a U.5. Dollar/Meq. ..
Fixed OM Cost 1] 1.5, Dollar/Meq. ..
‘ariable OM Cost 1] 1.5, Dollar/Peta;j. ..
Decomissiong Cost ]
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Resources branch

The last branch (Resources) details the resencdeygiald parameters of primary (e.g. Crude oil, Wood
Wind, Solar) and secondary fuels (e.g. Electriaifyproducts) resources are specified and theampaters
in terms of reserves and yield defined.

For simplicity, in this sample essentially unlintiteeserves of the fossil fuels and unlimited yieldthe
renewable sources have been specified, and omieeti®n of fuel costs are provided.

In order to provide for import information about products (crude and refined), a few options riedae
set for the Oil Refinery module that are relatetht® Crude Oil Resource.

First, for all the resources it is specified th&hy remaining requirements stay unmet. This mehasif
there is not enough resources to satisfy the dermartdem, then when looking at the results thahaed
will show as unmet indicating that further capalcagerves are required to satisfy the demand.i$ldene
by right-clicking on the individual resource andesting the appropriate alternative.

Then, for all the Transformation modulesceptthe Petroleum Refinery, the processes are séasdAny
remaining demand stays unmet”. This is done byt+idjbking on theoutput fuel under the transformation
brands, selecting Properties and the appropritgenative from the menu. For the Petroleum Refinery
process, it is necessary to select “Import fuehtet shortfall” in the Oil Products propertiesthis way,

if there is not enough capacity to satisfy the dedri@r all fuels except crude oil and oil produdte
demand will remain unmet while there will be an orpof crude oil and oil products if the capaci#yniot
enough.
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Reviewing the energy balance

The energy balance can be obtained by clickingherEinergy Balance in the left pane. This will tegthe
re-calculation of all scenarios (sEmgjure 17).

Figure 17 — Energy balance re-calculation in progres
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Once the calculations have finished you will seatde or graph with the results of the balance Bgere
18). It is possible to see how the energy balancegésover time by clicking the play button at tie¢tdm
left corner. The energy balance can be displayeidig or fuel groups, or it can be viewed as aargy

Flow Diagram.

Figure 18 — Results presentation options
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To review the result in m more detail, click on tlesults icon on the left pane and wait until the
calculations have finished (see Figure 19).

Specific data is obtained by:
1. Selecting the tree branch that you’re interestefdoim left hand pane.
2. Selecting detail from pull down menus
3. Selecting the year of data using the time travekae of right hand pane.

Not all the results are available for every brabebause some are demand specific and others are
production specific.

It is possible to select the way the results aes@mted, either just for one scenario or a conaris
between the scenarios. Furthermore, the resultbegnouped according to their type (i.e. by fbgl,
environmental impact, by fuel type, by branch).

Figure 19 — Access to detailed results

R LEAP: HIVA_HZnational
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It is possible to change the units of results oulppuselecting an option from the side menu (segeiféi 20).

Figure 20 — Changing the units of outputs

] Spit | € chart [ (] Table
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To compare the results of two scenarios, selecvShademand Energy Demand Final Units
(according to Figure 19) and then select All Fuelsyup Fuels for the colours and All Scenariostifier
columns. The result should be something like whahiown in Figure 21). First you will see the ditua

for 2005 and if you click on the “play” button yeuill see the two bars dynamically reflect changes
resulting from the defined scenarios.

For more alternatives for presenting results, @easnsult the LEAP documentation.

Figure 21 — Comparison of two scenarios
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We hope the above examples have given you the skilb build, and
obtain results from simple LEAP models. Rememberfiyou have
troubles consult the LEAP guide or contact us. GootdEAPINg.
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