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/1
INTRODUCTION IZ

This pack gives an overview of the market model used in the NEP2015, BID3. It is
not a comprehensive technical description, but an overview of the key principals
and main features in the model

The Grid Development Plan 2015 (NEP2015) deals with the expansion requirements of the German
onshore energy transportation network and is based on the legal requirements as stipulated by the
German Energy Management Act (Section 12a-d). The transmission system operators are planning,
developing and building the grid of the future and the NEP2015 is used to show how power
generation in Germany can successfully be restructured and renewable energy can be integrated
within ten and twenty years.

Following the ruling of the German Bundestag in August 2011, the transmission system operators
have been tasked with compiling a plan for the development of the transmission network every year
to allow for changing conditions in the energy industry. The result of all this work is the NEP2015.

To carry out the NEP2015, simulations of the market and of the transmission network are required,
and Poyry was appointed to run the European market simulation of a series of scenarios for the
NEP2015, using a bespoke market model called BID3.

This document gives an overview of BID3 and expands upon the details laid out in the Grid
Development Plan report.

{»BID3

Electricity Market Model
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POYRY EXPERTISE IN POWER MARKET MODELLING

Poyry has along experience of market modelling, dating to the beginning of
liberalisation

Since the 1990s, Poyry has been very active in following 1990s

the latest computing technologies to improve its modelling
and understanding of complex issues XGen CLASSIC

i . . Electricity Market Model Electricity Market Model
Early models (XGen and Classic) used simple merit-order

stack based approaches

Further developments led to Eureca, BID and Zephyr, using 2005
Linear Programming platforms @) Eu reca
» BID explored the interaction between the Nordics and the " Backici Morkel lodd

Continent E%, B I D

*  Zephyr explored the impact of intermittent renewables in ;
Electricity Market Model

thermal markets Zephyr 2008

In 2012, POyry undertook a major redevelopment of its ety Market Hoad

modelling platform, called BID3
* merging expertise from all models, for unparalleled speed, 2012

guality and robustness

* implementing a very user-friendly interface
Electricity Market Model

BID3 is continually upgraded to adapt to client demands
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SUMMARY

BID3

. . . . . lectricity Mark |
BID3 is the leading European electricity market simulation Hlectricity Market Mode

software — combining powerful simulations with user-friendliness

Detailed Mixed Integer - BID3 is an optimisation which using either Linear or Mixed Integer
market modelling Programming to minimise system costs

» BID3 is already used by TSOs, energy companies and regulators,

Extensive client base as well as extensively by Poyry.

_ » Recently redesigned to be very user friendly, meaning that the
User-friendly training and implementation time is very low, and errors are avoided
due to simplicity of use

» BID3 contains a database of all power stations in Europe, and all
market relevant parameters (efficiency, transport costs, minimum
generation levels etc.)

High quality datasets
underpin the analysis

* We use the model to underpin our extensive modelling work in
'intermittency’ including detailed simulations of historical weather
patterns, and sophisticated hydro modelling

Detailed hydro, wind and
solar modelling

 Designed to allow computing power to be focused where it is
Fast and powerful needed, and handles modelling all power stations in Europe
(hourly) with ease.
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BID3 — POYRY’S ELECTRICITY MARKET MODEL

BID3 projects physical operation (generator output, electricity flows, emissions)
and economic behaviour (electricity prices, revenues)

Inputs and outputs of BID3 Basics of BID3

BID3 is an optimisation which

Inputs Outputs minimises the system cost in a
year subject to constraints

Power station New build of
data Ty, SBFEULS O The model optimises all 8760
generation

hours in the year

(efficiency, capacity,

fuel, MSG, ...
| Load factors
,

Key features
*  Optimisation representing start-up,
part-loading (no-load)
: Minimum Stable Generation,
minimum off times, minimum on
time

Fuels, commodity
prices
/g «  Start-up cost and variable
maintenance costs dependent on
start temperature
B I D3  Ramping

Profile data * Reserve co-optimisation
year shape) constraints

optimisation

*  Hydro and pumped storage
JUNE 2015

*  Detailed CHP modelling
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UNDERLYING PRINCIPLES: LINEAR OPTIMISATION STACK

BID3 uses linear or mixed integer linear programming (MILP) to optimise the
dispatch. This is similar to a merit order, but more accurate

Linear optimisation (merit order

Merit order _ :
adjusted for constraints)
A _ »

Gas capacity 13 _
= Oll is limited Coal capacity
= is limited

Gas Required to meet
demand
Demand :
Optimal
Coal P )
\ solution
w
Nuclear G _—
) .
'sge e‘-a‘t\o‘\
Renewables %’e
%,

Unlike a simple merit order stack, linear or MILP optimisation allows the inclusion of inter-

temporal constraints (start-up costs, pumped storage, hydro etc.) and multiple zones
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MODELLING PRINCIPLES — STEADY STATE COSTS

The cost of thermal plant operation is the largest contributor to the objective
function

SteadyStateCosts = (Variable cost — NLcost) x CapGen + NLcost x CapON

CapON = the capacity turned on
CapGen = capacity generated (CapGen < CapON)

NLcost = the cost of having capacity turned on but not producing

FuelPrice+Transportation+CO2price x Emissionfactor

Variable cost = — + VOWC
Efficiency
Cost™ 5
NL cost ’/// E
el : . CapGen
0% MSG 100% CapON

CapON=CapGen
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MODELLING PRINCIPLES — DYNAMIC COSTS

The model also accounts for the costs incurred by starting or part-loading plant

There are two options for running: linear or
mixed integer

In the linear approximation of start-up costs,
any % share of the plant can be considered
ON

* Massive runtime gain compared with full ‘1 or
0’ mixed integer approach

* Works very well in large systems

Depending on CapON, the Minimum Stable
Generation (MSG, as % of CapON)
determines the min level of CapGen

The model chooses cheapest solution
between start-up costs or part-load costs
» Start-up costs when ‘CapON'’ increases

* Part load ‘cost’ when CapGen<CapON

g péYRY COPYRIGHTOPOYRY

= CapON
Output e MSG
CapGen

Time

1 2 3 4 5 6

Incur start-up cost hour 5

Output

Time

1 2 3 4 5 6

Incur part-load cost hour 3-4
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BID3 DATA
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Data is available for Europe and selected countries worldwide. Databases provided
come with a backcast, typically for two years, to ensure quality

COPYRIGHTOPOYRY

NEP2015: BID3 OVERVIEW
JUNE 2015

12



INTERFACE EXAMPLES

Start screen

c Input Start -BID 3.0.4 ++ —lla | x
| )
i Home: General Cases Scenario Output o 57
f—
ﬁ D = = Comnect = x ‘T @ ’ S Setacessrights
[M Backup to fle B Transferdata |~ [m] Tie vertics Tab forms 5 License information
Start Run Datzbases Switch  Close Settings Wiki Log Show my access rights
page (@ Restore from file form= al | [E] Tie horzonta

Startpage | Run Database Window Vilki Log License Access rights

| st x| oy

Flexible pivot tables/charts

Tracks - annual building blocks u Run Output |
| | C Input Cutput Hourly data - BID 3.0.5 ++
>
P r— I £ Home General Cases Scenario Output
Plant tracks Batch edit A\ =
Hohlevel | # : Hourly data (3
s Hoh e (@Bt | & | Vort By

S RO

iy |2 | pwottabie Chart
'9' o] Demend tracks e st § batchedt |- | Average [ =] [Protect fieids  Setup: | Switch row/colu
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ﬁ( = = i i o = | Show point labe
IC tra > List Bal edit > { "
ST |puration curve,| @] show chart | S ekt
Detaled bt ShSNee
0 T s e s u Run e 8 I Cevtved bt comkesiom: Run | Scenarc | Casecolecton | CCorder |Day | Weekday | Hours760 | Hour24
Price area group | Wholesale price (€MWh) | Scarcity rent (EMWh) | Demand (MWh)
Load loss (MWWh) | Curtsiment (k] | Index | CHP gsn (MWH) | Thermal gen (M)
» Hydro gen (MWh) | Renewsbles gen (M) | Pumped storags gen (Wilh) | Tmports (MWh)
n Profiles - within-year shape, for weat]
Maps Exports (Mwh) | Month
Other output - SMP (€fMWWh)
m Cases - N profie d /]
M ; I
/
Ll
Pre-fiter price areas £
BRANCH: Oslo_Master201304 created 03/12/2013 06:5%:5 oxF we-1sssQLEPREss 2 far e | L EL (S [o]
-] Albania
Austia
Belarus
Belgium
] ® Y | Bosnia and Herzegovina
® Bulgaria
Corsica
Croatia
7 Cyprus
D

| Go

LBRANCH: EMQA created 10/07/2013 12:10:05
=
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MODEL ACCURACY

Comparing historical prices against a ‘backcast’ of BID3 for 2012 shows that it
produces accurate prices and a convincing price shape.

DEU FRA GBR == Countries modelled -
140 : !
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< |
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9 .
o
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o
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z
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=
0
0% 50% 100% 0% 50% 100% 0% 50% 100%
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LIST OF FEATURES

BID3 is simple and user-friendly, but has many advanced features

Modelling of 8760 hours per year

— Across many weather/stochastic
series for each ‘future year’ modelled

Interface designed to allow an easy setup
of sensitivities

User-friendly, but detailed and powerful
interface

— Pivot-table/pivot-chart system, highly
flexible,

— Easy interaction with Excel

— Several levels of outputs, from most
aggregated to most detailed

Investment analysis

— Plant-by-plant profitability analysis

— Capacity payment, need for other
revenue streams

— System indicators: costs, emissions,
loss of load, capacity margin

Mapping capabilities
— Individual assets (power plants,
interconnectors), and all results

Comprehensive set of plant dynamics

— Start-up costs, dependent on plant
temperature

— Minimum stable generation
— Minimum ON and OFF time
— Start up ramp rates

Advanced treatment of CHP plants
— Hourly heat demand
— Possibility of backup boiler

— Electric generation limit as a function
of heat demand

Possibility of Mixed Integer Programming

— Plants either ON or OFF, required for
detailed dispatched patterns

Many other features

— Co-firing

— Contractual/regulation limits on
operations

— Ambient profile temperature effect

COPYRIGHTOPOYRY

General features | Dispatch thermal plants ol Dispatch
|

Hourly renewables generation

— Detailed analysis of satellite data,
many historical weather patterns

Optimisation of reservoir hydro using
Stochastic Dynamic Programming

— Dispatch under uncertainty of future
inflows for the Nordics

— Dispatch of reservoirs with annual
constraints for the Continent

Demand-side management
— Load-shifting and smart grids

— Electric vehicles, heating, power
intensive industry, etc.

Interconnectors

— Flow-based allocation of
interconnectors

— Ramprates on DC links

Reserve holding within ‘spot’ simulation,
with different products and timeframes

NEP2015: BID3 OVERVIEW
JUNE 2015

15



AGENDA

Introduction
Overview of BID3
BID3 key features

P> E

Screenshots

S PA __ | i
J poYRY COPYRIGHTOPOYRY NEP2015: BID3 C?]\L/JI’E\‘IE\IZIE;-I\EI) 1



KEY FEATURES OF BID3

R2h Exigences de
7 capal:ite totale 1 P e
Remunérationde fa
capacité (E/kW)

i Nuuvallas
=] ~— cansuucﬂonsezmlx
i O?) . de lachnoiogle

rnpom anx e:doln:ls -

Detailed power High quality auditing Different modules for Energy-only and Sophisticated hydro

station database of data increased accuracy energy + capacity modelling
markets
6 ® o © D iy
‘ o - 2 ‘E‘: o1 crpes i3
i Xpress i= ‘ H S
E E?b - I |
2w Microsoft* 9 S '
o : s o VSUAICE R
- - Cusnuliiweuvgvavwl c;p, ot D—1 @ 61.5°N \QL : Vear e tachnical minimum constant) wesk
Supply curves Interconnector BID3 building blocks Investment and retiral Detailed CHP
optimisation auditing tools modelling
.mrﬁg_uﬂra:mggg 3GW) with a @ IIE:U

+ A percentage of generation/demand 2 3000 T
or a function of (for example] B

demand less wind g s

£ H
é 2000 3 8000 §
z - §
T 150 6000
B
B * Whether can contribute to R/R anm o
rovision « Amount of capacity can contribute H

(TR - % of headtoom that can contribute

Solar and wind Reserve and Demand-side Linear and Mixed Load flow model
modelling response management Integer modelling integration
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@ DETAILED POWER STATION DATABASE

Different categories of plant exist (hydro, pumped storage, thermal, renewable and
CHP) with detailed parameters for each type. Different phases can be used for
shifts in technology (e.g. change in efficiency, change of fuel)

All European power stations C Interface example: nuclear —

Home General Cases Scenario Output i A
. = F
. X if:ﬁﬂ‘ ﬂq H PowerPlantForm [
x ¥ ..‘ i ¢ Basic plant information Spec: Delete phase 2| | Add phase 3 | Techs
oas X & X Plant Name; BELLEVILLE 2 Info 1: Nudear T 5
2 3 4 5 Properties Phaze 1 Phaze 2
® = : - :
2 b . 2o i S Nudear 4 ype § Muclear * | Nuclear -
J g & ® d n H uclear uel uclear - uclear b
- * 5 b = Info3: MNud Fuel Nud Nud
e et B sdoth, uW "ol 'y LAND, Status: In operation - Agaregated unit Ene iuc T Jpiuc =
by b * x = A e, = &
u LTy AR " ; - S BELLEVILE (47.509782875... ~| [ paratinivicualy Availabilty |FRPWR_ - |FRPWR  ~
Hm u * x I N Effidency 199,00 % 199,00 %
iy ) |
u » e 8 TR R !f . X bl Bl data Min instant LF 0.00 % 0.00 %
& i ! I
? ‘g G PR R Min annual LF 0.00 % 0.00 %
x i = | I
! * gt Ly Max annual LF 100.00 % | 100.00 %
* . = = | T
B ) . u, [ ] ot N FuelTrans (€/MWh of fuel) 1] 1]
P, % . z X Mo - |No -
= 4
a .& m Y ',‘ o Cofires No * No -
® I
= .‘.l A A LY ) Cofire fuel
T R 3 | |
L 5 Cofire percent
o uly m | LI o |
¥ + * -‘l v H Cofire efficency
X A
H i .. * f2 n Force cofiring
[ him, N
o | = . A- ] T el | Capadty m '_'?f_?_‘-\_osa.\:'_ 3
| Al MNone Capadity: -
Al None fos
[ | 3 ) Track Phase 2014 2015 32016 2017 2018 2019 32020 2021 2
3 @ Contral ot I I I I I I =
' ‘W * '= r “t-Er o - 1310| 1310 1310 1310| 1310| 1310 1310 1310 1=
m . = & Bl Cen Tors | - { { i { : : — 3
H [# High |High 1. 1310 | 1310| 1310| 1310| 1310| 1310 | 1310 1310| 1
‘ & Low RERENS £ 12401 4240l 474nl 4740l 474n ] 4240 1740 4740l G
n | r
[ BRANCH: Oslo_Master 20134 created 03/12/2013 06:59:52 [| [UKOXF-B- 100635 QLEXPRESS 2012, [2014.Q1] -7 |

BID3 datasets hold data on all power stations in Europe, including detailed technical parameters
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© HiGH QUALITY AUDITING OF DATA

BID3 uses the latest visual environment to allow pivoting and charting of data,
quickly and flexibly, allowing increased quality of results

Any outputs can be pivoted instantly understand

Any data can be visualised quickly and flexibly, and

data graphs customised to corporate colours/fonts
‘ C) | Input H Output ‘ Hourly data - BID 3.0.5 ++
‘ Home General Cases Scenario Output
| oot | s ondienens | By oty 100
|<< | pwottabie Chart
| Average || @lProtect fields  Setun: — | [l switchrow/colu 80 -
Hourl ke
\ Export \- \ | Guston ok | Stwaucranur\yGenA‘n;:;Es @-‘ ] Show selected ¢

5 @/ [ show point labe
|Duration curve [ Show chart L=

Case collections [C1 sShow checkboxe
A Al None . .
& [ Central test smulation Run | Scemario | Casecollecton | CCorder | Day | Weekday | Hourd760 | Hour24

| Price areagroup | Wholesale price (E/MWh} | Scarcity rent (§MWh) | Demand (Mivh)

Loadloss (MWh) | Curtaiment (MWh) | Index | CHPgen (MWh) | Thermal gen (MWh)

Hydro gen (MWWh) | Renewables gen (MWh) | Pumped storage gen (Mith) | Imports (MWh)
| Exports (MWh) | Month

-20 4

Generation and demand (GW)
-y
(=]

S (M)
40 e — —
[res & Juek 4 | 7250 7300 7350 7400 7450 7500 7550 7600 7650 7700 7750 7800 7850 7900 7950 3000 8050
| & 2020 L
2 Hour8760
Pre-filter price areas
————— 3
[ S [ T . 270
~ : 240
B s =
| - 210 5
8 80 8
: 1% 8
(0]
10 150
: | g
i 12 120 g
b = 13 ﬁ
| G =] “ 30
|- s 60 =
I« | i B KN i g
L?RANCH: EMQA created 10/07/2013 12:10:05 =

w
o

° Standard set-ups can be saved and instantly restored 7350 7300 7350 7400 7450 7500 7550 7600 7650 7700 7750 7800 7850 7900 7950 8000 8050
+  Pivot grid allows duration curves HOWEZ00

*  Custom fields can be specified for bespoke calculations
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e DIFFERENT MODULES FOR INCREASED ACCURACY

The heart of BID3 is in four main modules

Banding module

Groups plants into Calculates hourly system s YN
bands based on similar margin (tightness) for é_ =
characteristics (e.g. scarcity rent == v
efficiency) P 4 Dy,

(T — . E—

Whole year simulation, lower
resolution, for hydro and take-
or-pay/must run conditions

Simulation module E
Detailed simulation, with full E

treatment of plant dynamics v

Hourly prices and plant dispatch

Reservoir levels are passed from Annual Shadow value of annual

Constraints to Simulation modules constraints|passed to simulation
module

? & COl GHTOPO 2015: 30 20
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e ENERGY-ONLY AND ENERGY+CAPACITY MARKET MODELLING

Poyry’s BID3 electricity modelling takes into account the complex interactions
between countries having different electricity market designs

Capacity payment
(E/KW)

New build and

technology mix

Plant meet IRR
requirement

Security standard Requirements of
(primarily domestic) overall capacity

Security Standard

BID3

Electricity Market Model

Energy market
revenues

(SS)
(optimised regional)

New build an_d -
technology mix

Energy market
revenues

All markets meet their security
requirements with plants meeting
their hurdle rates

—

SS and plant
IRRs are met

COPYRIGHTOPOYRY
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© +vDRrRO MODELLING

BID3 has a sophisticated approach to hydro modelling, ensuring that hydro is
accurately represented

Annual constraints

module

(whole year simulation,

lower resolution) Reservoir levels are passed from Annual

Constraints to Simulation modules
Simulation module

(weekly simulation, higher
resolution)

Reservoir hydro is first scheduled at a weekly level in the Annual Constraints Module, subsequently the main model
optimises the hydro use or pumping (alongside all other powerstations within individual week (Simulation Module)

Inflows and generation Reservoir levels
3]

Run-of-River is not directly = 0 -
. . . )
optimised and is based on the e > ey
historical inflow profiles £ oo ] ey o :
- - \ "". '\
(weekly/monthly profile input to 3 018 £ 4 "
. ie] g ] ]
the model, as available). E 015 —eiadinl o o
S 012 — 2015 | Reg. iflaw (T B 251 ;gﬁ
£ 005 e, S
. s b
Operation of pumped storage =008 o o5 -
is considered separately and g 00’; : o
its operation is also optimised s 0 50 100 150 200 350 300 350 ¢ A S S S —
o 5 © Day 0 50 100 150 200 250 300 350
within the model = Day
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SUPPLY/DEMAND CURVES

Supply/demand curves can be generated quickly and easily, allowing instant
understanding of price formation

Supply curve by type Supply curve comparing Jan and June

[ C ‘ Input H Output Isuppry curve - BID 3.0.5 ++ = o lx ] [ C ‘ Input H Output ISuppry' curve - BID 3.0.5 ++ =Bl x ]
) )
< Home General Cases Scenario Qutput ¥ S < Home General Cases Scenario Qutput ¥ S
W B supply curve % m B8 supply curve [
|[5] | Pivot table Chart |5 ottt Chart
| Average ti [¥] Protect fields Setup: ‘-_lﬂ“' 4] Switch row/columns :X‘S title: I y | S Ei [ Protect fields Setup: ‘E" (] Switch row/columns Axis title: I_\\
—_——e T — X — oY i e P X —
el et L= I Show selected data only = s ——— = Show selected data only =
e o ‘li.l [l Show peint labels ¥: = — i - ‘lil [] Show pint labels Xz =
[¥] Show chart | [l Show checkboxes W] Auto ] Show chart ~ | [ show checkboxes V] Auto
Run Scenario : 180 ] [ Yeec Run Scenario Case collection 180 4
Case collection Month . i ® CCS Coal Band/Plant name Tranche LN
Price area Price area group ] ' ® S Gas Nameplate capacity (M) Year 160 4 8 '
Bandiiatramel | | andie = 140 ] CC5 Lignite Min, available capacity (M) = 140 4
Nameplate capacity (Vi) = 5 b a Price area =
= = 1 Coal T < 120 e
o || Max, available capadi
Min. available capacity (M) E 100 + ® Gas Steam #wva. available capadty (M) -@f 100 |
2} - Geothermal - I e
Max. available capacity (M) 8 30 J é iy Cumulative min, avail. cap. (GW) w 80 ®5
Avg. available capacity (MW) 0 - 1 ﬁj ® Lignite e 8 — Awg, demand mc
: - o 4 . -
Cumulative min, avail. cap. (GW) © ] E@ @ Nuclear Bt v ol e e E B0 - Avg. demand me
: & =
Cumulative max. aval. cap. (GW) > 40 ; ? ® OCGT Category Type = an 4
Category ] £l ® Offshore Wind
| 2 ' Var. s {E.. a
20 - W g Orshaore wind = o 20 ] e 3
® = & Cumulativ... & &9 E
0 o .. . ‘ . @ Other Ra.enewables 5. @ S =
0 20 40 &0 80 Reservoir Hydro 5380336 ! J !
C |ati il @ Run-of-river Hydrc ST 0 0 40 60 80
umulative avg. avall. cap. acnng i i
g P gasnnas Cumulative avg. avail. cap.

l BRANCH: Oslo_Master2013Q4 created 03/12/2013 06:59:52

l BRAMCH: Oslo_Master2013Q4 ceated 03/12/2013 06:53:52 |

The interface can generate supply/demand curves at a monthly resolution, for any number of price
areas simultaneously

The supply curve can be plotted down to the individual plant
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€ 'NTERCONNECTION MODELLING USING NTCS

The model optimises flows between any specification of pricing areas. In addition,
the user can choose between fixing flows or optimising

r Input Output P
w
Home General Cases Scenario Qutput
¥ Price area groups Power plants Plant ow F— F d 'ﬂ
< s bt roves e M IXxed flows

Q Reservoir regions
\‘ Price areas \‘ Price area optimised f Interconnectors h Plant ty

Countri d 3 . .
@ soil st \‘ Price area sets g Demand “ Fuel typ — O ptl m Ised
Zones and regions Qutput sets
Monthly generation E Banded plants E Monthly thermal Annual SMP and demant

Shiw grice areas for |

|

@ Simulation DCR {aggregated) |

_ Unassigned zanes Price areas
COR -
[CRO

G cyp
GFCzE
[+}DEN
[2+DEU
DE_N {Germany)
= | DE_S (Germany)
[&HEST
_+_} Finland

i By fixing flows, it is possible to dramatically reduce the size of the
area being modelled, and hence speed up the run time
BID3 allows two options for reducing the size of the modelled
area:
Fixed flows based on a profile. This involves specifying an
annual value and a profile. BID3 will then ‘lock’ a certain
amount of interconnector flow
Fixed flows based on a previous run. This allows you to do
(say) an overnight run with a large area (e.g. all Europe), but
then use that run as the basis for fixed flows for a smaller area

[l |

Zones (e.g. Norway NNO) level of resolution of all of
the input data

Price areas (e.g. Norway NNO + NFI = Norway NO4)

— transmission constraints ignored within group of
zones

— only one price created per price area, lower run time

Country? irrelevant for the model, practical for
filtering data
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© 503 BUILDING BLOCKS

BID3 uses professional software, with a flexible and modular structure

BID3 uses the most powerful
technologies

» Xpress optimisation software, for
power market simulation

* Matlab for optimisation of hydro
reservoir under uncertainty

» SQLserver for robust storing of data

Microsoft®

SQL éefver'

BID3 is designed for the maximum ease
of use

» User-friendly interface developed in
professional language C#

e Structure is designed for powerful,
yet easily set-up analysis

* Input, output and processing all
encompassed into the same interface

« Dynamic documentation in wiki w
fO rma t Microsoft* #»
Visual C

Confluence

o s COPYRIGHTOPO ' 25
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@ AUDIT OF INVESTMENT AND RETIRAL

BID3 calculates cashflows for any future investment, along with key metrics such

as IRRs and shortfall against fixed costs.

Specify plant parameters, such as build time,

capex, opex, hurdle rates, direct subsidies,
capacity payments and ancillary service
revenues

Cashflow calculation and visualisation

150
100
50 1

Value

-50 4
-100 4
-150 |
-200 4
-250 4
-300 4
-350 ]
-400 4

01 Cope IRR

B 02 Opex

03 Gross margin calculations

| 04 Missing money
— Cash flow

Quiput | InvestmentType - BID 3.0.5 ++

o most CCGTsin North I

Allowed cost bands for Imvestment type

le)w
i

- Y o e |

Investment type Cost band Inwvestment track.  Investment object type Unit. 2014 2015 2016 2017
CCGT_Standard  Medum |central | Ancllary service revenue eiwiyear s 5 5 5
CCGT_Standard  Medum central |Buid tine Iyear [ 2] 2 2 2
CCGT_Standard  Medium Central (Capacity payment (modefled year) | €/kiWfyesr
Ccﬂ_ﬂ‘aldard hhdnm .t.snhal. .Capax :!ﬁw 9 me| 7 7% |
CCGT_Standard  Medum \central Financial fetine year o = a =
|CcaT_Standard. Mecum | Central |Huderate % | oos| o008 o009 o009

»  |CCGT_Standad  Medum |Central | Investment subsidy | | I |
CCGT Standerd | Medium central Opex efkwiyes » B » 0
4 CCGT Standard  Medum central Varisble subsidy (modeled year)  €jMh | |

| Plani track !vaeﬁ..mmlhaeh Year | Vale
bl —— |

Plant name

— T ~ & | T | T
| Run Scenaric | Spec [mm "|Dstatype " | Probe | Zone | Price area [H—bemm | Investment share |

a0 e

& CCaT_Standard & 2018 GBR_MewCCGT_2018_1
& 2026 BEL_New_COGT_2026_2
&l 2029 DEL_NewCCGT_2029_1

BRANCH: Oddo_Master201304 crested D1/12/2013 15:27:29

Drop Column Fields Here

Grand Total

Hurdle rate Missing Money (8
0.000 % 9.000 %
3.920 % 9,000 %
2,146 % 9.000 %

Audit investment module allows internally consistent scenarios to be rapidly built
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€ DETAILED CHP MODELLING

BID3 allows sophisticated specification of CHP, including capturing the heat load,
varing efficiencies, backpressure or extraction types and backup boilers

CHP parameters Example for a CCGT with heat load

100% I .
availability profile
Determined
by Cv/Cb
- parameters
(@]
22 40% effici
£% ~40% efficient part
°g (power efficiency)
g5
o C
~90% efficient part
15% (heat and power efficiency)
(V)
technical minimum (constant)
0% \ week
o : :
c A ‘Generation profile’
5 L Slope €, determined by heat
= demand.

Can only go below
this profile if has a
backup boiler

Slope C
KAl Can only go above
if is backpressure
Heat

Total generation

Daily temp

Plant output

—— 1 ]
I -

Max outputas  Plant capacity reduced

h|gh prices as prOViding heat
MSG
No heat load, Minimum
zero output running to
provide heat
load
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@ MODELLING OF INTERMITTENT GENERATION

By modelling consistent historical weather patterns, BID3 accurately examines the

impact of wind and solar on dispatch and prices

Detailed database of wind farm locations used

(]
()
[ RO
(RN
909 20«
90908000
< es 0@ - ®
[N RN N
o000
@0 Qoe
o s o 0000
e ® -8 s e
@ e
e99 s o - @ e s s 8 =
P @8+« - ® a2 -
...... o 9@®00 - . -
5 s s 0@
WAk e s
LN R 2
O
- e
.o
]

Germany
Generation (GWh)

®e
o0 Qe .
°0 [] ®
@e .
e e

A snapshot of the system

y B Ps generation
Imports
. Peaker

B cceT
CHP
12 14 16 18 20 20 24 26 [ CCSCoal

. Coal

Other renewables
Reservoir hydro
] ROR hydro

. Solar

. Offshore

12 14 16 18 20 22 24 26 .ONShOVe
Nuclear

|
' ‘w‘ "‘ !\V ' Exports
' i \ N\‘ ““‘ ! |71 Il Ps consumption

L‘ ‘u ! u‘N ‘u'wt

12 14 16 18 20 22 24 26 28 30

O POYRY

Y
L e =
; : > 2
L]
S s ¢
= =
2
B
e
[
=
[
Capacity, MW o
06
1000
2000
3000
181
State E
BadenWirttemberg
B =l
[l Brandenburg and Berlin ~
H © <
iesse —_
— (=]
[l Lower Saxony and Bremen q) =
Meckienburg Westem Pomerania [
N 5}
[l Morth Rhine- Westphalia R Pt
Rhinetand Patatinae [}
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€ VMODELLING OF INTERMITTENT GEN

ERATION

BID3 uses highly detailed wind and solar data to accurately simulation historical

weather patterns

/Future wind capacit)

Future wind capacity
based on country totals
and probable future
locations

Future solar capacity
based on country totals
and probable future
locations

f Wind generation profiles

50 T mintermittent aeneration

50 T mintermittent aeneratian
50

I M Intermittent generation

IS
]
Generation (GW)

Aggregated power
curve

w
S

Generation (GW)

N
]

A

Generation (GW)

[
1S5)

o

.

~

Solar generation profiles

50

M Intermittent e

50

neration

IN
S

M Intermittent generation

w

S
IN
S)

w
S]

N
o

[

S)
N
o

Generation (GW)
=
o

o

o

_J

Two aggregated power
curves used — one for
offshore and one for
onshore

A
ﬂ ‘
»

Historical wind
speeds

Historical wind speeds
at hourly resolution for
‘000s of locations

BID3

Electricity Market Model nourly resolution for

Conversion to MWh
accounting for
seasonal temperatures
and losses

Historical solar
irradiation data at

‘000s of points across
Europe

Gjture solar capac@

\_ J
/Conversion to MWh\

A

\J >
ﬁ-ﬁstorical radiatioh

/

N
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@ RESERVE AND RESPONSE

BID3 models the holding (not the activation) of any type of reserve/response

(primary to tertiary ancillary services)

Generic specification of reserve/response

. * An annual amount (e.g. 3GW) with a
Reqw_r_ement within-year profile; or
(EoE1iE N0 « A percentage of generation/demand

zone) or a function of (for example)
demand less wind

. . * Whether can contribute to R/R
Provision * Amount of capacity can contribute
(specified by * % of headroom that can contribute

plant) » Whether needs to be synchronised
to contribute

BID3 allows the specification of any
number of types of reserve/response,
although typically three are used —
primary, secondary or tertiary

BID3 requires the specification of both
the requirement (the need for
reserve/response) and the provision
(what is providing the
reserve/response).
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€ DEMAND SIDE MANAGEMENT

BID3 allows any type of demand side management (such as Electric Vehicles or

flexible heat) to be modelled by specifying a number of generic parameters.

Screenshot of BID3 Example for Electric Vehicles

[ Start 5 Hourly demand flexibility @ Demand groups X | [JRun
Hoursof  Hours Decay  Minimum storage Back to
demGrpID Demand group ~ Isfiexble ST Avail. profile def. filing S iy arid
1 Al = 3 | Not set Not set [@]
5 EV_backToGrid & 24 6 |Flat - 0 |Flat-0.25 - &
2 EV_LeafHomeCharge & 24 3 |EV - charging availabiity v 0 |Flat-0.25 - [
[3 3 EV_LeafQuickCharge ® 24| 1 |EV - charging availsbiity v 0 |Flat -0.25 - [}
4 HEAT & 24 10 |Flat - 0.01 |Flat - 0,25 - E

Generic specification of DSM

Storage size
* Hours of storage

» Min. storage level profile Final demand

Grid off-take = « Annual dema_nd (TWh)
* Hours to fill » Demand profile
* Profile =——=p
?ﬁi'r'gﬁ'gty =2 Back to grid (optional)
* Hours back to grid
Decay « Availability profile

* % per hour of strg. level

g PéYRY COPYRIGHTOPOYRY
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14000

r 12000
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- 6000

r 4000

- 2000
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@ LINEAR AND MIXED INTEGER MODELLING

For each scenario, Poyry runs three simulations using BID3, increasing the
resolution of the run to hone in on Germany

4 2

Pan Europe
Pan-European model run covering the entire ENTSO-E region. Linear programming

(relaxed MIP) version used, with simplified intertemporal dynamics and some grouping of
power plants.
Main output is border flows (between countries) for the Germany Plus run

Germany-Plus
A linear programme (relaxed MIP) run of BID3 with full intertemporal dynamics, including

temperature dependent starts, reserve co-optimisation, with some grouping of plant

Main output is border flows between Germany and neighbours for use in Germany-only
run

Germany-Only
Maximum resolution run using Mixed Integer programming and full dynamics.

All plant in Germany modelled individually (i.e. no grouping)

S PA . |
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@ INTEGRATION OF BID3 WITH LOAD FLOW MODELS

BID3 has been integrated to allow a smooth transfer of data to the load flow model,

BID3/load flow
model interface

Integral

Integral

TR/ANSNETBW

{»BID3

Electricity Market Model

; -

Hourly generation for —~50hertz

each plant ~aTenner
Flows between l\ _ WD i s st
countries Takes BID3 data and amprion

Merit order (short-run writes appropriate csv

marginal cost) files in required form

for the DC LF model
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AGENDA

Introduction
Overview of BID3
BID3 key features

o LY N e

Screenshots
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INTERFACE EXAMPLES — START SCREEN

Start Run Databases

EStart|:|.age| Run |

Home | General Cases

ft O o
s . mBadcuptoﬁle

Scenario

page @ Restore from file
Database

Output

< E Cascade
e —_— =
&, Transfer data et | @ Tile vertically | | Tab farms | S License information
— | Wik Log

Start - BID 3.0.4 ++

Switch  Close Settings
[E] Til= horizontally

Window

form = all

| Wiki | Log | License

Set access rights

Show my access rights

Access rights

J st x| oy

h C¢ Plant tracks

g Cq Demand tracks

”‘ @  cradks

0 C¢ Fuel tracks

Tracks - annual building blocks

O
Batch edit >
Scenarios

Batch edit -
Batch edit >

Batch edit -

I\,J A Cases
S POYRY

Profiles - within-year shape, for weather and other variations

- F‘(‘q Profile definiions | ~ FQ:{I

Batch edit S

':",; Output

High level
(monthly)

Detailed
{daily, hourly)

Other output -

BID3

| [UKOXF-WS-10165\SQLEXPRESS2012].[Q1_2014 Central_IAI Only_v1_0]

‘ BRANCH: Oslo_Master2013Q4 created 03/12/2013 06:55:52
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INTERFACE EXAMPLE — PLANT DETAILS

B

4

—
ﬁ — a Connect .-- x E Cascade ‘ T @ ’ f; Set access rights
H Backup to file % Transfer data el E Tile vertically Tab forms 5 License information
Start Run Databases — Switch  Close ) Settings Wiki Log Shaw my access rights
page 'm Restore from file farm * all E Tile horizontally
Start page Run D Window Wiki Log License Access rights |
| Mg PowerPlantForm 3 | I
Basic plant information . Spec: . | Delete phase 1| | Add phase 2 | | Techs
Plant Name; EMILE HUCHET & Info 1 Coal
Zone: |Fra |=| mfo2 coal
Info3: Coal
Status: |1 aperation |- 1 aggregated unit [ 1s probe
S g I~] [l Bandindidust Conventions
‘Comments: -
2
Tracks A | capacity
| Capadty:
Al None = tY Track Phase 2001 2002 2003 2004 2005 2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 20156 2017 20
= MW):
M| Central
f—_{ % » &a00 &00 600 &a00 600 &a00 500 &0 &00 600 600 &00 &00 &a00 &a00 &00 &a00 g
/! High
!E'] Low fﬁl &00 &00 600 &00 600 &00 00 &00 &00 a00 600 &00 &00 600 &00 600 a00 5
Low 1 600 &00 600 600 G600 600 500 600 600 G600 600 600 &00 600 600 G600 600 g

 BRANCH: Oslo_ Master201304 created 03/12/2013 06:56:52
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INTERFACE EXAMPLE — EDITING INTERCONNECTION

P Interconnector batch edit capacity x| 4

£ Connect g x &) cascade ‘T @ ’ T setacessrights
Backup to file Transfer data |~ Tile vertically Tab forms ) License information
o
Start Run | Datsbases Switch  Close Settings Wik Log Show my access rights
page @ Restore from file form= al | [E] Tiehorzontally
Startpage | Run Database Window Wiki Log License Access rights
| ¥ Interconnector details ‘

Between  |GER [ =] and [Fra [~ Loss: 290 % defini GER

o [— R -FRA [InterconAval_GBR_... [~| | | Latitude: (515 |

= o FRA - GBR [nterconavai_FRA_... || | |Longitude: [0.5 |
Rk ol i i :
GBR -FRA Hone [+] || Latitude: [43.5 |
FRA -GBR Hone [] || ongitude: [1.5 J

Capadity (M) | b

= | Track 2001 2002 2003 2004 2005 2006 2007 2008 2009 010 2011 W12 2013
Al None » “ ‘ 1988‘ ]QBB‘ 1968| ]EBS| 1988| ]Sﬁa‘ 1988‘ ]SES‘ 1988‘
] Conir | 1mss| 188 188 1983|1988
) : v =
s  Inercomector batc et capaciy 81D 3.0.4-++ [=I=l=]
¥ Low a5
PR TR N O P Py—
[ bsckipto fle S Transfer dats " | ] Tie versieslly | Tab forms S License information
Start R Database: Switch  Cl Settings Wiki L
Show years e m % > & Restore from fie i [E] rie herizontally i San i scesstdits
2001 - 2100 Start page Run Database Window Wiki Log License Access rights |
F Do

 BRANCH: Oslo_Master2013Q4 created 03/12/2013 06:59:52

s [ Great Aritain

2006 2007 2008 2009 2010 2
RA-BEL 300 3200 3200 3200|3500
- FRADE_N 2900 2900 2900 2900| 2900| 1800
4l fene m-ﬂlﬂ 1988 1988 1988 1988 1988 1988
> [T Denmark N ——
> [ Estonia FRA 2575 2575| 2575 2575| 2650| 2650
> [ Finland = |k SPAFRA 500 500 500 500 1400 1400
SWI-FRA 3200 3200 3200| 3200| 320| 3200
> ] Germany

[ Pivot chart |

'_ BRANCH: Oslo_Master2013Q4 ereated 03/12/2013 08:59:52

| [UKOXF-WS-10185\SQLEXPRESS2012]. [Q1_2014, Central 1AL Only_v1 0]
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INTERFACE EXAMPLE — RUN SCREEN

Input Output Run - BID 3.0.4 ++ [— o] =]
General Cases Scenario Output s Q
— C ct g Cazcade
i a i B E R ‘ T @ ’ g Set access rights
H Backup to file % Transfer data S | @ Tile vertically | |Tab farms f} License information
Start Run Databases Switch  Close Settings ——— Wiki Log Show my access rights
page ’i Restore from file form T+ all @ Tile horizontally
Start page Run ‘ Database Window \Wiki ‘ Log License Access rights
' Powerpantform | Interconnector batch edtcopacty 1> LAY
SCA_Q114_Central =
Setup run | Parameters | Dist, comp, Ikaﬁ’mtﬂfwm| Live lo Pre Log from database
Run [+ [1 & Errors & Warnigns V] Other Clear history
Mame: SCA_Q114 Central
2 i [E Lo JE
Description:  Created: 140109-151332 = ECentral R
v 2011 o0
P —— Banding (DCR) o0 3
. { - - 03
SRR 'G_?mijw Annual constraints (DCR) 0o
Capad i CR o o
S pacity margin {DCR)
: DCR oo
Central
High » DCS o
Low = » Banding (simulation) a o
; Carbon module a o
= » 2006 2 [0 ==
» 2007 2 0
Yorg > 2008 20
2006 - > 2009 2 o
2007
2008 > 2010 2 10
2008 - = > 2012 100
2010 » 2013 10 0
ﬁi = » 2014 00
2013 » 2015 100
2014 » 2016 100 =
-
L T | r
BRAMNCH: Oslo_Master2013Q4 created 03/12/2013 06:53:52 | [UKOXF-WS-10165\SQLEXPRESS2012]. [Q1_2014 Central_[AI Only V1 0]
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The leading advisor to the world’s capital and resource intensive industries.
Clients choose us for the sharpness of our insight, deep industry
expertise and proven track record — because results count.

Péyry Management Consulting
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