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Background
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UK to run without coal power for a full
working day, in historic first since
industrial revolution

A decade ago, such a transition would have been 'unimaginable'

drew_griffin | 5 days ago| (142 comments
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From Independent,
Friday 21th April

e CO2 price in UK for power industry is
+18 £/tC02

e Shift from coal to gas

e More wind and solar generation
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9 November 2016

Offshore wind bids —
no subsidies

e Kriegers flak (Denmark) — 5
€cent/kWh (45 gre/kWh) won by
Vattenfall in 2016
e Size 0,6 GW

e Gode Wind (Germany) -6
€cent/kWh (54 gre/kWh) won by
DONG in 2017
¢ Size 0.11 GW

B VATTENFALL S I NTE F

Vattenfall has won a tender to build the 600MW offshore Kriegers Flak project in Denmark for a new record price of £49.9/MWh.




Changing the
business: Solar
power bids

e Autumn 2017

e Saudi Arabia at 1,8 cents/kWh
* Spring 2017

e Dubai solar at 2,99 cents/kWh

e What if multi spectra panels are
developed?

Clearys
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Dubai Gets Record-Low Bid Of [l
2.99¢/kWh For 800 MW Solar o =4
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* _SaudiArabia

4 GetsCheapes
«%Bids for Solar Power in "
Auction

By Anthony Dipaola
3. oktober 2017 15:19 Updated on 3. oktober 2017 23:00
From Climate Changed

— Masdar, EDF offer to supply power for 1.7 cents/Kilowatt hour

— Plant to be first in $50 billion plan to expand renewables

Saudi Arabia received offers to supply solar electricity for the cheapest prices ever
recorded, marking the start of a $50 billion program to diversify the oil producer’s
domestic energy supplies away from fossil fuels.

The energy ministry said Abu Dhabi’s Masdar and Electricite de France SA bid to supply

power from a 300-megawatt photovoltaic plant for as little as 6.69736 halalas a kilowatt
hour, or 1.79 cents, according to a webcast of the bid-opening ceremony on Tuesday in
Rivadh. If awarded, that would beat the previous record for a solar project in Abu Dhabi



 What if energy prices become zero?

et omy sbed v mamtur Bare

e Will hydropower have any value at all? Ulsnnsomt stromsalg

* |s there anything too "balancing from hydropower"?
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Cost competition: gass power vs. pump-storage

"Levelized Cost Of Energy (LCOE)"
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...even when grid and cable costs are included
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Optimal power
system - starting

over

e Calculates the optimal generation
mix for one deterministic year with
hourly time resolution.

* Includes C02 market

* Include demand side management
DSM, constraints such as thermal
ramping.
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Results: CO2 market
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Investment cost and variable cost for thermal
units included

Investment cost and cycle cost for energy Case5 Case6 Case7 CaseS8
storage included. Case 5 Case 6 Case 7 Case 8
All Limited PHES  No PHES  No storage
. . . Wind[MW] 372 618 345922 332 852 372 495
With a fixed C02 quata, what is the Solar[MW] 146 091 257 036 146 435

consequences with different use of energy Thermal|[ MW | 109 953 39318 153 426 169 546
Battery[MW] 0 40 964 0

storage. PHESIMW] (59 811D 20 00( 0 0

RES curt.[GWh] 45702 159 666

Emissions[kton] 32 3.

Tax|EUR/ton] 76




Demand for RES support from other sources

How to calculate output from wind and solar

Ability to reproduce real data

Data from COSMO EU Location of wind and solar .
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Simulations
TSO

MwWh/h

| |
0 200 400 600 800 1000

Wind Germany hours 0-1000 2015
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Quantifying the 2050 balancing need in West Central Europe

Battery development West Central Europe X7 based on 2011-2015 Netload Battew charging and d|5chargmg West Central Europe ¥T 2015 netioad
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Includes: UK, Ireland, France, Benelux, Germany, West Denmark, Switzerland, Austria, The Check Republic and Slovenia
Assumes no bottlenecks in transmission system in and between countries
eHighway - X7: ~100% res, ~70% from wind and solar, . SINTEF



Can hydro competitiveness and balancing demand be

transferred to revenues in a real system?

PRODRISK Univ. Aachen

Forecast prices

Develop methodology

d HydroBalance scenario
O 2050
L Several markets

O Hydropower optimization
O With several markets

Otravassdraget

Case-study

U Real river system
U Relevant pumped-storage
project

Price assumptions SINTEF, IEA-WEO
and E.ON, adjusted EU trend study by
the Commission (2013)

Price simulation (model: Schafer et al.
2014) Procurement and activation of

FCR/FRR/RR), Germany, 2008

OBS: One year of multi-market prices
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Prototype model requiring ProdRisk

m Markets and incentives

User manual, pay-as-take support

e Bidding in spot as if this is
the only market.

* Response on new prices in
subsequent markets.

e |terative algorithm for
reservation of capacity

Capacity
market
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Case study: Pump-storage in the Otra

watercourse

Contact person in Agder Energi: Trygve Dgble
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Revenues in different markets in Otra

HDA EID HERR HRES = Totalincome

4 %
112,0%

DA,ID,RR DA,ID,RR,RES
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Revenues from new pump in Otra

+32 % with
pump
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Assumptions

Power system simulation

Watercourse :
Discharge

ELCH  Hydrodynamic modeling

Water temperature

y >
L -

T m=

Future environmental impact in reservoirs
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Social acceptance: The «need argument»

e If costs are taken locally while the
benefits are nationally or globally = it
will be challenging to build (local)

community acceptance. Why here?

Regional Global

CEDREN Centre for Environmental Design of Renewable Energy
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http://tromskraft.no/portalWeb/ShowProperty?nodeId=/BEA%20Repository/134020
http://www.nina.no/
http://www.sintef.no/default.aspx?id=114
http://uni.no/
http://www.niva.no/
http://www.nhm.uio.no/
http://www.glb.no/Default.aspx

Challenges

* Minimizing operation and reinvestment cost of
hydropower
e Automation of operation and trading, new hydro
technology, artificial intelligence.
* New operation patterns: energy to power
* Extend lifetime, controlling state of equipment, climate
change, water framework directive
e Energy transition —when to invest?

* Policy uncertainty
e Cost of renewables and cost of storage

e Demand side flexibility: prosumers, demand , smartgrid,
autonomous systems

e Environmental design particular in reservoirs

Germany:

Decom. 26
Belgium: GW by 2021
Decom. 4 GW
nuclear by
2025

In The Zero Marginal Cost Society, New York Times
bestselling author Jeremy Rifkin describes how the
emerging Intemet of Things is speeding us to an era of
nearly free goods and services, precipitating the meteoric
rise of a global Collaborative Commons and the eclipse of
capitalism,
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Teknologi for et bedre samfunn
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