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OVERVIEW OF ENERGY EXEMPLAR & PLEXOS
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Energy Exemplar

Commercial company since 1999
Focused on development BLLEXOS® Integrated Energy Model

Continuouslyenhanced and developetd meetchallengesf achanging
energy markets and clients modelling requirements

Over 50 employees serving our global base from five locations:

Adelaide, Australia (Head Office)
London, UK

California, USA (West)

Hartford, USA (East)
Johannesburg, South Africa

High growth rate of new Customers and Installations at over 30% p.a.

25% staff with Ph.D. level qualifications spanning Operations Research,
Electrical Engineering, Economics, Mathematics and Statistics



PLEXOS users around the world

European Region
Commercial Client
Breakdown

m Consultants

m Utilities

m Manufactuers (Gen, storages etc)
Energy Regulators/Comissions

m Research Institutes

m Transmission System/Market Operators

9%

As ofFebruary 2015yorldwide installations of PLEXOS exceeded
1,030at over170sites worldwidan 36 countries



What is PLEXOS®?

Provenpower market simulation tool& Integrated Energivodel

Primarily a modelling tool based around thendamentals of the energy
market howevertechnicalsandstochasticscan be integrated also

Uses cuttingedgelinear and Mixed Integer(MIP) programmingpptimisation
andstochastictechniques

Us%s Ithesame techniqueshat are used in scheduling, pricing and dispatch
models

Flexible objecbriented design allowing modelling of,

Capacity expansion & investment planning

Market Analysis obesign

Price forecasting and risk analysis

Portfolio Optimisation and valuation

Transmission and Ancillary Services Analysis

|, |

Renewable Integration analysis & optimisation

Integrated Electric and Gas Systbtarket Modelling

Cooptimisation of other commodities (Water, Heat etc.)



Simulation and Analysis tools in PLEX@8amless Integration

¢ Optimal investment
¢ Optimal reserve share
¢ Resource Allocation

¢ Chronological Unit B —

Commitment

PrimaryFunction &Analysis Main Output

LT Schedule Generation/Transmission Expansion, Resolttaaning, Project viability, Buildsand Retirements 10-50 years
Investment analysis, renewable integration

PASA System Outage Scheduling, (Convergent or classical) M2arlerandom Maintenance Schedule & 1-10years
outages, Regional capacity share reliability indices
MT Schedule Hydrothermal coordination, Longerm Takeor-Pay contracts, Competition Operating policies 1 year

analysis & behavior modelling (LRMC recovery, Nash Cournot, RSI, Bertrand),
Risk Management

ST Schedule Day/Week/Houmarket simulation, optimal bidding, CCGT analysis, ST risk DetailedChronological 1 dayg 1 week
management, Energy & Ancillary Service optimisation, OPF Operation
RT Schedule Intra-hour market dispatch, Real Time (RT) & Day Ahead (RA) coupling RT economic Dispatch Intra day (down to 1
minute)
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How doesPLEXCSsvork?

Input Data Series 3|

Fuel Renewable
Prices Forecasts

Generation
Availability

Heat Fuel
Demand Contracts

PLEXOS® PLEXOS .
Fundamental Engine Sol_utlpn f_rom the
______________ optimisation task
Model

Select

Technical Characteristics Solver

Generator technical
properties (heat rate, ramp
rates, MSL, start profiles
etc.)

Fuel Constraints
Emission Limits
Interconnector NTCs
System constraints
Ancillary Services
requirements
Market mechanisms

Results

Price
forecasts

Generation
Dispatch

Dispatch
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Output & Reporting Options with PLEXOS®
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CURRENRENEWABLHTUATION INUROPE
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Annually new installed generation capacity in MW for the EU Region

Renewable growth in Europe & unintended consequences

German Weekly Day-Ahead maximum and minimum prices, Update: Nov. 2014

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Peat =mFuel oil  Hydro =py = Waste Gas Ocean
Geothermal CcsP mNuclear =Coal wWind =Biomass

S34 %cl

35GW of new generation installations in 20
A Wind Power 32% (11.2GW)
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A Solar 31% (11.1GW)
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Increased Focus: Flexible Generation & Energy Storage soluti

Typical Nordic Region Merit Order
A German studyndertaken byStatkrafton how g ?

Germanycould procure all of its electricity from
renewable resources 050 identifies
Norwegian dams asraalistic way to store large
volumesof energy.

oil

SRMC
£/MWh

Coal/
Cont. Off-peak

Limitations identified to be overcome;

A Regulations around reservoir ramp rates (1cr
per hour vs 5¢cm per hour required) e
A Size of storages need to be increased to
3 O G W . Cumulative vt:lume [MWh/h)
A Transmisgion Lineipacity upgrades required Buselosd price-nependetproductin) pie-dependentprducton
Into Germany A Approximately 50% of all European hydro
CR Olsen. (2013an Can Norway be Europe's "green battery"? [Online] reservoir capacity is situated in Norway
http://wwW.cedren.nolNews/Art)i/cIe/tabid/3599/ArticIeId/1079/CanNOWEuropes—qreenbatterv.aspx A The share of hydro power in Norway was 97%
in 2012
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http://www.cedren.no/News/Article/tabid/3599/ArticleId/1079/CanNorway-be-Europe-s-green-battery.aspx

Increased Focus: Flexible Generation & Energy Storage soluti

A Other storage options have also been explored:
'

Compressed Air Energy Storage

Compressed Air Energy Storaf@@AES) Air is i;E
pumped into underground salt caverns and the OFFPEAK M%

compressed air is then released through a generator s amn e wo
to generate when required.

x High build cost however at 1,0@0kW

x Becoming closer to commercialisation

Battery Storage; numerous technologies flow, liquid
metal, N+Cd & Lithiuraon
x Many technologies still lack commercial viability
x Limited life span of batteries
x Potential safety hazard

t26SNJ G2 DF&S 9f SOGNR O g
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CHALLENGES IN HYDRO MODELLING VS
CONVENTIONAL GENERATION



What Hydro generators can we model?

A There are generally three types lojdro plants we want
to model:

I Regulatedr Storagehydroelectricity based on reservoirs
0KIFG Tdzg Bi A 3 NRA Bwéaterdnflofy ir@nNainy” 3
and melting snow in large dams, giving the decision maker
some extent of freedom regarding the timingge#neration

I Runof-river hydroelectricity, which offers little or no
storagepossibilities. Such power plants are often used in
coherence with reservoirs upstream

I Pumped storagewhich can be used for load balancing and
shifting. Water is pumped from lower elevation reservoirs <&
to higher elevation reservoirs during low priced hours, and
ﬁan thus be used for generation and sold during high priced“ 3

ours J
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The HydreThermal Modelling Problem

A Mathematical formulation of dydro & thermal problenis more complex than a pure
thermal system:

I Hydro power plantshave the option of storingwvater if there is astorageattached to
them so there is hydraulic temporabupling

I Naturalinflows are uncertainand can be hard to forecast accurately over a long horizon

I Cascade or Ruof-River systemg&an be complex toptimise due to the decisions taken
along the chain

I There may be somgpecific water usage policies and constraints

I Operationco-ordinationis more complex due thigh variety of constraints
A Minimum flow constraints
A Storage ramp constraints
A Minimum Operating Levels

I While water is cosifree but its opportunity cost is fundamental
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If water is free how can we decide when to use it optimally?

A A typical conventional generators SRMC can be broken down into:
I SRMC £FuelPrice x Marginal HeaRate)+ VOMCharge + Emission CostteSCharge

A But with water being free how can we value it?

I We need to determine the value of water (or more commonly cal\éater Valug which will
vary depending on the expected value of the water in storage

I Therefore oumbjective is to plan the operation of tretorage sas tomaximisethe expected
value ofproduction over time

A Should we,
1. Usethe water for generation and sell the power to a known pticgay?
2. Keep it in the reservoir and store it for generation and sale at a sage?
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The Importance of Storage Management & Optimisation

The Water Valuean be seen as thigctitious -

marginal generatiorcost, and is linked to the Large imbalances generally occur
43S0 eadustieNaDtie future revenue betweenthe occurrence gbeak
opportunity demand and pealnflow

Large storages give asset ownBexibility as to
when to generate vs when to store

Short term releaseBoweverneedto be
managed by looking over a longer periad
many months or even years for optimal storage
management

Usually have monthly or yearly targets then
these are then decomposed back into a daily
runningschedule.

I InPLEXO#$his process is done via a 2 step process
called decomposition utilising 2 phases of PLEXOS
in sequence

Norway: Typical water inflows vs Demand in a year
18



