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Name: Bjgrn Sgnju-Moltzau
Company: NMBU (20%) / Thomson Reuters

About:

Bj@rn Senju-Moltzau holdsa Ph.D in Hydrology from the University of Oslo, and has
been involved within the hydro power, meteorology and hydrology field throughout
the professional career, with specibl competence in modeling of hydrological
systems, operative hydrology and analysis of the fundamental conditionsfor the
power markets in the Nordic countries, Europe, Asia and USA.

He has also worked as a trader and portfolio managerin the power market. Bjgrn is
also a member of the of the election committee who election representatives to
the board of directors for Thomson Reuters Norway.

He has working experience from Europe, Asia, USA and Latin- and South America.
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Renewable energy at NMBU

Studenter fra kurset FORN300: Vind — og vannkraft: Ressursgrunnlag, lgsnnsomhet og valg av lgsninger

Bjern Senju-Moltzau @ BjmSnjulMolizau - Aug 271 &

Masterstudenter, | fornybar #energi fra
#NMBU, har hatt noen fantastiske dager
(25 gr C) pa #Smeala Vindpark #NVES

View translation
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Renewable energy at NMBU

Studenter fra kurset FORN300: Vind — og vannkraft: Ressursgrunnlag, lgsnnsomhet og valg av lgsninger

Bjern Ssnju-Moltzau BjmSnjulolizau - Aug 21 &

Masterstudenter, | fornybar #energi fra
#NMBU, pa besgk hos #Aura kr.v
(#beswakskraftverk) til #Statkraft.

View translation
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Hydrological modelling: Theory and practice
Forecast — How often and what
HBV link to SDDP
Benchmark

Scenario Explorer
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Summary Forecast

MNord Pool Comment

Forecast Reservoirs

Forecast 30 Days

Forecast Long Term

Weekly Key Figures

Actual

Benchmar!

Hourly Precip
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Hydro Comment
Every Monday and Thursday the hydrolegists at Point Carbon will publish a hydrology comment for the Nord Pool market. The comment is usually published around noon
HYDRO SUMMARY NORD POOL HYDRO SUMMARY NORWAY HYDRO SUMMARY SWEDEN
13Sep 14Sep 15Sep 16Sep ChygPrev 13Sep 14Sep 15Sep 16Sep ChgPrev 13 Sep 14 Sep
Hydro Balance Today Hydro Balance Today Hydro Balance Today
Last Actual 81 106 25 Last Actual 73 84 100 16 Last Actual 02 00
Hydro Balance Last Day in Forecast Hydro Balance Last Day in Forecast Hydro Balance Last Day in Forecast
ECD0 Ens mean 136 139 134 122 ECD0 Ens mean 108 1.0 10.0 9.0 ECD0 Ens mean 25 24
ECO00 op 167 157 114 126 12 ECOD0 Op 129 123 932 95 03 ECO00 Op 36 30
Hydrological Parameters Hydrological Parameters Hydrological Parameters
Snow and soil, TWh 12.0 128 143 15 Snow and soil, TWh 89 10.0 113 13 Snow and soil, TWh 19 17
Inflow, GWh 467 627 944 37 Inflow, GWh 303 467 788 321 Inflow, GWh 138 134
Hydro temp, *C 10.0 108 10.0 Hydro temp, *C 96 106 a3 Hydro temp, *C 102 1.0
Forced Prod, MW 4812 Forced Prod, MW 2 8avy 1676 789 Forced Prod, MW 1925
Ef precip, GWh M 1483 2478 995 Eff precip, GWh 07 1605 2070 465 Eff precip, GWh N E] -80
Eff precip ECOD op, GWh 1140 1917 2892 Eff precip EDO op, GWh 1207 188 2275 Eff precip ECO0 op, GWh 25 71
Eff precip - EC00 op, GWh -349 -434 -414 Eff precip - EC00 op, GWh -300 -281 -205 Eff precip - EC00 op, GWh -47 -152
16 Sep 2015 11:45:28 GEST 16 Sep 2015 11:15:30 GEST 16 Sep 2015 11:45:28 CEST
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“Petra” Is Comlng

Meteorologene leteorologene &
@ Mye nedbgar neste 24 timer, mest fra

02.00 til 14.00 torsdag #Jstafjells #Petra

H#Hekstremvaer

YWiew translation

Hovedtyngden av nedberen kommer meliom 02.00-14.00 torsdag

E

Bpunyue

TR

12 timers nedber fra 02.00 til 14.00 torsdag 24 timers nedber
fra 20.00 onsdag til 20.00 torsdag
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‘Petra” Is coming...
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HOURLY PRECIP SWEDEN
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WEEKLY KEY FIGURES, NORD POOL. TWH
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Input: 128 unique weather stations
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DAILY INFLOW
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Measuring "Power Energy”
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How target series are generated
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 Building target values (series) for the hydro model to be calibrated
on is one of the most important and in many cases most difficult
and time consuming part (50%).

e Relevant GWh number being officially presented (weekly/daily):
— For instance Sweden, Norway, Finland and Switzerland

— Inflow numbers broken down into daily numbers using
dischargs profiles

 Some energy numbers can be calculated using information
collected from (several) official sites of the individual power plants.

 |If very little (energy) data available we use of official yearly or
monthly production numbers and make numerous of assumption

......
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Hydrological Model Results

. All Results In Energy (GWh & MWh)

. Hydro Balance, Inflow, Precipitation,
Evapotranspiration, Soil Water...

. Simulations from 1981 with Daily Resolution

. Forecasts for Short and Long term (1 yr)
. Ensemble Forecasting

. Models the Natural Inflow §
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SDDP

A fundamental market model for the Nord Pool area
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« SDDP calculates optimal hydro power generation in 16

different areas given:

Stochastic future inflow
Expected power consumtion
Thermal production capacity
Fuel prices

Interconnection capacities
etc

* Qutput:

Power prices in different areas
Production

Exchange (imp/exp)

Reservoir levels

etc
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SDDP hydrology modelling

« 16 hydrological regions
E — 11 regions in Norway
=: — 4in Sweden,
o — 1inFinland
“wn e Inflow:
- o — 75 inflow scenarios
® = generated from HBV
o modelling system used for

the first months

— Thereafter historic inflow
series 1931-2005
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Linking HBV and SDDP
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HBV . |70 inflqw L SDDP
scenarios

v/ \\//

75 inflow scenarios:

1) For each of the 16 regions
2) That are based on the current hydrological situation

3) And on historic observations on temperature and
precipitation



Publication Schedule
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Mon Tue Wed Thu Fri

Quarter and Year Ahead comment 07:35 07:35 07:35 07:35 07:35
Day Ahead comment 07:55 07:55 07:55 07:55 07:55
Afternoon comment 14:00 14:00 14:00 14:00 14:00
Week ahead comment 14:30 14:30 14:30 14:30 14:30
Weekly Repord 14:

< SDDP report 12:00 12:00
Cross commodiTy Teport —1306
Hydrology comment 14:00 14:00

Met comment morning Georg Miller 07:45 07:45 0745 07:45 0745
Met comment afternoon Georg Miller  14:00 14:00 14:00 14:00 14:00
Met comment SMHI 09:30 05:30 09:30 09:30 09:30
Georg Miller Live 11:00 11:00 11:00 11:00 11:00

Quarterly benchmark reports are published approx 2 weeks after the quarter has ended.
Long term price reports are published twice a year.
Seasonal weather forecast is published around the $th every month.
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Other SDDP assumptions

« Consumption
— 4 load levels for each week
— Based on normal (1981-2005) temperatures
— Consumption slightly price elastic for prices above €70/MWh

* Other supply
— Complete stack for the Nordic region
 Coal, Gas, Qil, CHP, Nuclear, Wind
— Using forward curves for fuel prices

* Import/export outside Nord Pool
— Direction determined by price difference
— Using forward curves for EEX and APX
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The SDDP mid-term price forecast
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* Published twice per week

Covers front week, month, quarter and year

Fundamental optimization model

Reflects state of hydrologic and thermal situation

Produces 160 scenario paths
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"It's not about the money - It's about the game." -
Gordon Gekko
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SDDP Benchmark Methodology

« Compares the results of the model at some point in time
before a traded contract delivery period to the market
prices for that contract at the time and the actual delivery
prices for the contract period.

 If the model indicates the correct direction of the
actual, delivered prices relative to the market, it is
recorded as a positive gain and the difference between
the market and the delivery is added to a cumulative
measure of profit and loss (P’'n’L).

* It is assumed that a position of 1 MWh is made in the
market based on the signal provided by the SDDP model
In the last model run before delivery.
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SDDP Front Month Benchmark
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Cumulative P'n'L
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SDDP Front Week Benchmark
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SDDP Front Week Benchmark

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

100
a0
60
40
€
20 The summer 2012 we did a recalibration — Long Term
0 Reservoir Management (LTRM). The maine task —
sorting after regulation ability and made groups sorting
-20 after this. Ended up with totally 18 reservoir which is
40 used for the whole time horisont (3 yr+2 yr buffer).
2-j]an-12 2-j]an-13 2-j]an-14 2-Jan-15

&% THOMSON REUTERS



SDDP Performance

* [t can be argued that for the shorter contracts
(week, month), this does not show the long-term
predictability, but we are comparing to the market
price — so it's a fair measure of the accuracy.

* These results are achieved without any manual
adjustments of results

— Results presented are raw model output
— No re-runs

— No reservoir guidelines

— Follows calculated optimal dispatch
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Scenario Explorer Explained

* Key Concepts
— The SDDP mid-term price forecast
— SDDP Performance
— Scenario Paths
— Correlations and Sensitivities

« How does it work?

— |t show correlations and sensitivities In our
forecast data in a simple and intuitive way
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B scenario Explorer

Mordic [nflow
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B scenario Explorer

Mordic Inflow
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Select input
(independent
variable)

=NOT

Select geography rr—
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of all percentiles

percentiles for
selected time
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Drag the slider to
select a time
period. Percentiles
are calculated
based on the
selected time
period.
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Drag the slider to
select percentiles
within the forecast

The first table line
shows the average
for the selected
time period

Following table
lines show the full
forecast period
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*The SDDP benchmark has a strong record in general for the Nordic
power market

*The Scenario Explorer is a strong tool for doing “What if...” analysis




Today’s quote:

"All models are wrong, but some
models are useful”

George Box, 1979
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Thank You...
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Thank you
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Bjarn Sgnju-Moltzau
Manager of Dept. Hydrology and Meteorology - Point Carbon
Commodities Research & Forecasts

Thomson Reuters

Office: +47 23 31 64 82

Mobile: +47 97 78 10 10
bjorn.sonju-moltzau@thomsonreuters.com
thomsonreuters.com
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