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OUR LIFE:
PERMANENTLY UNDER

ELECTRICITY

Electricity — THE universal technology
for providing enerqy services



1. INTRODUCTION: T

CORE OBJECTIVE

 How to provide access to electricity
,yoptimal* from societies point-of-view?

 What is the optimal political ,,structure“?
Private, price (de-)regulation ....

 How to bring about a transformation to a
sustainable energy system?




R THE EU-DIRECTIVE(S) 1 B

The European Commission’s main expectation .... was
the belief that

“market forces [would] produce a better
allocation of resources and greater
effectiveness in the supply of services”

* Intentions of the EC directive:
— Competitive markets
— |lower electricity prices
—> more environmentally benign
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1. Introduction:
Electricity generation EU-28
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EU-28: Electricity
generation from RES

Source: EUROSTAT, own estimations



Source: EUROSTAT, own estimations
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EU-28: Electricity generation
from ,new* RES

2016: 16 %
(preliminary)

1997: 1 %
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Discussion: PV vs Nuclear
What are the advantages and
disadvantages for reducing

GHG emissions and heading
towards a sustainable
energy system?




Sl 2 HOW PRICES COME TU
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THE MERIT-ORDER TU

CURVE OF SUPPLY o
based on short-term marginal costs (MC)
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BASIC PRINCIPLE OF COMPETITION:
PRICE = MARGINAL COSTS

Demand

Price = ,System“-marginal costs

Supply
curve S

Costs,Price (EUR/MWh)



LONG-TERM
VS

SHORT-TERM
MARGINAL COSTS




‘- f‘:;& B What are marginal costs (MC)? TU

MC= C‘(X) = dC(x)/dX

Marginal costs are the increment of costs due to
a generation of one additional unit of kWh

P=MC

Short-term marginal costs (STMC):
STMC= Fuel costs + CO2 costs

Long-term marginal costs (LTMC):
LTMC= STMC + Capital costs + O&M costs




FE 3 ENVIRONMENTAL
ASPECTS - THE CO2-PRICE
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4 HOW PRICES TU

DEVELOPED IN EURO!
EUROPEAN ELECTRICITY SUB-MARKETS

{

1. UK & Ireland
2. Nordic countries
3. Iberian peninsula
4. Italy

5. Western Europe
6. Eastern Europe
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< Development of day-ahead
—electricity prices in Europe per year
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5 ELECTRICITY TU
GENERATION COSTS WIEN

ANNUITY METHOD

\ Distribute investments to annuities

(annual payback amounts)




Investment costs
Electricity generation Conventional 2017

ucear

CCGT

Open cycle GT
Hydro storage
Run-of-river

Coal




b

™~
o |
o
o
(@)
(@)
(@)
o |
(7))
Q
(@)
—
Q.
O
-
(S
7
(V)]
@
LL.

oljes aoud |eos/sen)

R

| _Gas-/CoaI_ _p__rice rat

T 7T

L L LA L

T T T T T
OOy N OO OO = =T = DWW
T T N Y Y Y Y

[umnwranal

©
: . 7 .'1-
FOCEAcEOcE e

WS QTS DD m=m§ QTS O

-E d'c.

Gas/coal price ratio

= Hard coal

—Qil

-=—Natural gas




Generation costs CCGT
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H Costs of electricity generation TU

WIEN

| o +Cpgp Ps Ceoz feor  ceNt
C=Cr +Cy= + +

T Hn n

where:
... Total costs of electr. Generation (cent per kWh)
...Fix costs (cent per kWh)
.. Variable costs (cent per kWh)
...Operation & maintenance costs (EUR/kW)
...Investment costs (EUR/KW)
.. C.R.F. (Capital recovery factor, e.g. 0.1 for 15 years, 5% WACC
...Full load hours (hours per year)
...Fuel price (cent/kg or m?)
...Caloric heat content (e.g. 10 kWh per m?® for gas)
...Efficiency of power plant

coz ---Price of CO2 (e.g. 5 EUR/ton Carbon)

feoo ... CO2-factor of fuel (0.2 kg Carbon/kWh)




Example: Costs of TU
e ectrlmty generation from CCGT

WIEN

....Investment costs = 600 EUR/kW
... C.R.F. = 0.1 for 15 years and 5% interest rate
....Full load hours = 5000/1000 hours per year
Coan---Operation & maintenance costs = 20 EUR/KW
ps ...Fuel price (e.g. 25 cents/m?® natural gas)
H ...Caloric heat content (e.g. 10 kWh per m? for gas)
n ...Efficiency of CCGT plant = 0.58
Ccop ---Price of CO2: 5 EUR/ton Carbon)
fcon ... CO2-factor of fuel (0.2 kg Carbon/k\Wh)




Example: Costs of TU
e ectrlmty generation from CCGT

WIEN




Photovoltaics
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Solid biomass
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Electricity from new renewables 2010

|

I

- Costs Min

1000 2000 3000 4000 5000

EUR/KW_EI

6000




Investment costs
Electricity from new renewables 2017

Photovoltaics .

Solid biomass minv. Costs Min

Small Hydro

Wind On-shore .
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Generation costs
Electricity from new renewables 2010
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_. Generation costs
Electricity from new renewables 2017
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Solid biomass I
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6. RECENT DEVELOPMENT OF
NUCLEAR COSTS

* Olkiluoto-3 (Finland): Construction started in 2004, now
expected to be completed 2019 (originally: 2009); 1600 MW

* Flamanville-3 (France): Construction started in 2006, now
expected to be completed 2019 (originally: 2011); 1600 MW

* Hinkley point (UK): Construction start expected in 2022,
1600 MW
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Impact of construction time
on investment costs: Example Olkiluoto

Olkiluoto: Overnig . 004:
1900 EUR/K «
Net present value
2010:
2300 EUR/kW

(c=5.1 c/kWh)

Interest rate: 5%,
Price increase: 0.5% /yr;
construction time: 6 years
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All costs are converted into 2010 figures
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_. Impact of construction time
on investment costs: Example Olkiluoto

Olkiluoto: Overnight-eeste-2004:
1900 EUR/kKW, 4 years delay
Net presen

value 2014: /

3700 EUR/KW
(c=7.1 c/kWh)

Interest rate: 9.5%,
Price increase: 1.5% /yr;
constructiontime: 10 years
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All costs are converted into 2010 figures



Olkiluoto: Overnight costs 2004:
1900 EUR/KW, 4 years delay

Net present
value 2014

Olkiluoto: Overnight costs 2004:
1900 EUR/KW, no delay

Net present value

Wir

InterC S
Price increase: 1.5% /yr;

Price increase: 0.5% /yr;
construction time: 10 years

construction time: 6 years

EUR/k

@ Invest.costs @ Interest O price increases | .
| P | @ Invest.costs B Interest O price increases
T

0 10 -9 -8 -7 6 5 -4 3 2 -
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All costs are converted into 2010 figures All costs are converted into 2010 figures




B Investment cost development TU
EOlkiluoto 3 vs Flamanville 3 vs HP

WIEN

—a—

D I I T 1
2000 2005 2010 2020

—4—O0LK-3-IC (EUR/KW_2010)  ——FLA-3-IC (EUR/kW_2010) Hinkley Point




,, Total”“ Cost development
Olkiluoto
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, 1otal” Cost development
Flamanville-3

EUR/MWh_2010

6 2018

61
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No insurance costs considered
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7. THE ROLE OF
RENEWABLES

CORE MOTIVATION:
Policy targets for an

INCREASE of RES-E!
e.g. 2020/20/20/20 targets




Grid parity: PV-costs and household TU
electricity prices WIEN
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Assessment of Grid Parity

Savings/revenues Costs

*
Eoun P EreotinPras) > Annity D

Grid parity term

Subsidy still necessary?




Share of own consumption
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Tenant electricity model and

Blockchain
PV-System on the roof

Tenant electricity model:
Contracted PV-electricity

Customer 1

Balancing
Group/ Customer 2
Supplier

Customer 3

Blockchain




Promotion of decentralized PVin ¥,
Czech Republic

WIEN

Program is opened for family houses and blocks of flats

 Currently 3rd call for family houses includes:

PV systems for power: *below 10 kWp,
*  should be connected to the grid

Systems with and without batteries with utilization
of excess electricity for hot water or general own
use are subsidized

Generated power should be used on site of
generation at least by 70%




Peer-to-peer
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8. CONCLUSIONS: TU

WIEN

* Markets are in a period of transition
towards volatility;

* Nuclear: long lead time, uncertain costs

-> high promises, low fullfilments;

 Renewables: next very interesting phase:
after PV-Grid parity!

e More details: Summer school




Example: Costs of IH
e ectrlmty generation from CCGT

5000 h/yr:

C=120+0.40 +4.31 +0.17 = 6.08 cent/kWh

1000 h/yr:

C=6.0+2.0+4.31+0.17 = 12.48 cent/kWh




