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EnergyEFFAIR L

A The projectwas partof the researchnitiative
oClimate change and economi@s 60 € U K.
Federal Ministry for Education and Research

A Overall objective oEnergyEFFAIR
ARSY U ApT@alal LIk G A€ |
renewable energy production sitéREPS)
AdGhLIGAYLEFf Eé A UdOstsNBIa LIS (
fairness



Workpackage€nergyEFFAIR L

1. Potential of onshore renewable energy
production sites (REPS8)ind andsolaronly

2. Extension of transmission grid

3. Landscape externalities (bfomassas well)
and production costs

4. Acceptance and fairness
5. Efficient & justenergy landscape



Energiewenden Germany L

A One targetis to produces0%of the grosselectricity
consumption(GECin 2030 from renewables increasing
to at least80%in 2050

A In 2015, renewables produceéi®.6%or 195.9TWhof
the GEC,; wind onshore wa8.3TWh(offshore 8.2
TWh), solar38.4and biomas#9.4 TWh

A To achieve policy targetsjore REPS are neededo
what extent is an open questions (e.g. repowering)

A The Federal Environment Agency (JBAg., assumes
that onshore wind energgan contribute around 1000
TWha in the long term(Umweltbundesam£014)




Number of REPS in Germany

REPS Year

2005 2010 2015 2030 2050
Solar 198.283 901.606 1.515.063 ?2n? 27
wind 15.486  20.083 26.206 Hh? 2H?
Hydro 5.358 6.743 7.513 H? H?
Biomass 3.409 10.628 15.499 2H7? 2 7?
Other 669 807 873 H?  H?

Note: Solar includes roof panels

Sourcewww.EnergyMap.infe state: August 2015



http://www.energymap.info/
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LANDSCAPE EXTERNALITIES
OF RENEWABLES



Nationwide survey L]

A Aim is to captureéandscapeexternalities
of REPSQ-shore- only open langlas well as
attitudes toward and acceptance of REPS

A Externalities were measured by a
labelled discrete choice experiment

A Place of residence wago-coded
via GoogleMapsinterface

A Online surveywith 3400 respondents
across Germany




The choice experiment v

A Labelledchoice experiment' labels are
GAYRYE az2fIFNJIYR 0A2Y!

A Respondents were asked to choose their prefer
option for the development in thé Okm
surroundingsof their place of residence



Attributes and levels

[

Distance

Area

300 ; 600 ; 1600; 2500

small; medium; large

Sites (farms) 1:2:3:4: 5

Landscape
Grid

Cost

10; 20; 30; 40; 50
overhead, underground

-10:-5:0; 2: 7;: 14; 23

metres

0/1/2 medium
number 3
percentage 30

0/1 overhead

Euro/month zero



Please choose the option you would prefer for the extension of renewables in the

surrounding of10 kilometresaround your place of residence. In case you are living i
large city, please think of the landscape around.

Wind Biomass Solar 52y Wi Ol N

Minimum distance 600 metres 2500 Meter 300 Meter 900 Meter
: large large small :
SldilNa s (35-50 turbines) (15-25 tanks) (1-10 football fields) A
Numberof REPS 4 5 5 3
Landscapgprotection 20% 50% 10% 30%
underground underground overhead overhead

Change irenergyhill
per month (year)

bMn € ObmMcy e€undel0 b mMn € O0b Mcy €0

| choosexX
O O O O
alternative

Ve

Y six choice tasks, order of appearance randomized, also oidedternatives




Locationsinterviews andturbines T8
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3,388useableinterviews 23,012turbines (2013,year of survey)



L

Renewable electricity production sites:
Presence (column %) and disturbance (row %)

in 10 km Do you feel disturbed by
Rather ye Not at all

wind 66.7 12.7 32.4 50.9
No 26.5 8.2 19.6 32.5 39.6
D-know 6.8 5.6 14.3 36.7 43.7
Solar Yes 52.6 1.4 4.2 24.4 70.1
No 29.1 0.9 6.3 29.6 63.2
D-know 18.3 1.0 2.7 29.0 67.3
Biomass Yes 46.1 6.1 16.6 32.6 44.7
No 14.5 8.6 23.3 30.4 37.8
D-know 39.5 2.8 16.8 35.6 44.8

Note: presence in 10 km surroundings; Unit: row %



Chosen alternatives

(10 km surroundings)

Alternative Label Percentage

Wind 27.3
Solar 39.8
Biomass 22.2
52y QG Ol 10.8

20.328choices



WTPestimates(monthly)

[

Distance_windper km) 6.92 16.63 4.14 5.58
Distance_solafper km) 2.87 7.76 2.96 3.45
Distance bion{per km) 4.50 10.45 4.74 5.95
Small_sites 5.06 9.81 16.49 27.43
Large_sites -4.76 9.76 6.51 6.96
Number of sites -0.49 3.40 1.04 2.33
Landscape protection (% 0.16 11.75 0.3 16.91
Grid (underground) 7.57 18.20 9.77 17.91
ASC_wind 0.81 0.98 23.26 31.33
ASC_solar 14.50 18.10 22.09 32.87
ASC biomass -3.35 3.76 20.39 25.85

G52y Qi Ol NB:

WTRSpace model, attributes normally, cost lognormal distributed



OPTIMAL & FAIR ALLOCATION



Optimisation

- hub height 150 m
- diameter 100 m
- 3.0 MW
- € 0®c
+ maintenance

aiz2d- e

- monocrystalline

- EastWest oriented

- 1.0 MW peak (0.8 ha)
Mdnp aA?2
+ maintenance

Physical Land use, Potential [ optima Potential
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Energy potential wind
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Loss of potential due to distances T
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Workflow optimisation

(

locations
potential atlocation
costsper kWh
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{ WTP for distance] [ Fairness ]
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>[ Optimisation ]

1

[ Objective: 150rwha ]




Incorporating externalities

1. Minimum distances to settlements were fixed at
800 m for turbines and O m for solar

2. Optimal locations for REPS given minimum distances
and private costs were determined

3. WTP for 100 m distanarcreaseor wind and solar

was calculated for the populations of each district, the
step was repeated until 3000 m distance were

reached

=> In the end distance never affected thgtimisation
result as the externalities were too low tutweight
the benefits from locations preferable due to private

COSts



Cost-optimal allocation

Solarinvestmentcosts compared to 2014 prices

40 % 36 % 33 %




Fairness across federal states L]

Respondents were presented items aiming at fairness
of the distribution of production sites

Which of the following four statements to construct new facilities is due to your
opinion the most just?

Based on the size (area) of the individual states (Bundesl?nder) | find most just ...

€ when the same number of new plants will be built in 0
each state. 15%

€ when in those states that have today most plants in 19%
future the least will be build.

€ when new plants are build that way that in total the least 50%
number of plants is necessary across all states.

€ when all states would have the same number of plants. 16%




Equity defined for optimization L]

A Majority says thahew productions sites should be build were
conditionsare best=>cost efficient

A Seconchighest agreement wa® the rule thatcurrent
allocation should be recognized sgual burden

A Measure of this burden was thetio of the energy
production and the energyotential weighted by population

A An equal burden at the state level should imply that at the
Individual level all endure the same across the country

A TheGini coefficientwas used to describe the equity ranging
from O (highinequity) to 100 (perfect equity)



[ct/kwWh]
woow

Electricity generation
by federal states

omgestehungskosten
w w w w w

Solarinvestmentcosts 36% ’f;
/ 4goo -5((3)ini-KE;0efﬂzi?e?wt [$ oo

cost efficient <€ > fair



