Renewable energy
In systems perspective



Case study: Policy sequencing

—

ETS 2018: 5 1 (targets, design)
. EU cap -43%, LRF T

. Free allocation cont'd

. MSR 2015 - 2018

—

Fp Low allowance prices motivate reform (+ on B}
Compensation controls resistance (+ on By
Learning facllitates reform

{+on8,)

ETS 2009: S P (targets, scope, design)
e EV cap -20%, LRF

¢ Free allocation industry

. CEEC funds/exemptions

Fe Low allowance prices ease cost concerns [+ on B.)
Compensation controls resistance {+ on 8,)
Capacity & constituency effects enlarge coalition (+ on B,)
Learning facilitates centralization [+ on B,)

ETS 2003

. National allocation plans

. Mostly free allocation
. J1 & COM credits (2004)

ETS discourse promates market solutions also for RE (+ on B,)
ETS reform addresses waterbed effect (+ on B,}

i Fo (RED DETS)

i Reduces costs of RE (+ on B,)

i Enlarges coalition (new & incumbent power producers) {+ on 8,)
E RE community skeptical (- on B,}

RE policies contribute to certificate surplus (-on 8,)
H

Fep (ETS =D RED)
RE targets delegitimized based on ETS non-compatibility {- on B,)

RED/GovR 2018: § 1 (targets)
i 32% RE 2030
. MS set national targets

o More market

Fe National high-cost dynamics cause backlash {- on B, and 8;)
. {Compensation not possible)
Learning improves cost-effectiveness (+ on B, and 8))

RED 2009: S P (targets, scope, design)
. 20% RE 2020

. Binding national targets

. Nat'l support schemes

Fp National policies reduce technology costs {+ on 8.)
Constituency effects enfarge coalition (+ on B,)
National path dependencies prevent harmenization (+/- on B}

RED 2001

. 22% RE electricity 2010
. MS set national targets
. Nat'l support schemes

4

N

 Synergies (positive feedback)
* RE enables actors to decrease ETS costs
* Enlarged coalitions (eventually)
e Learning (market solutions)

 Conflicts (negative feedback)
e RE increases certificates surplus
* Both communities initially skeptical

Source: Leipprand et al. 2020



https://www.sciencedirect.com/science/article/pii/S2210422420301106?via=ihub

Defining system boundaries (costs perspective)

Output of a IMW solar PV power plant*, sorted by hours from max to min

Mw

~3% of total output

0.75

~97% of total output

~ 4500 hours

Source: Agora EW

lllustrative

Grid connection requirements

~1 MW Grid needed to transport 100% of
MW Solar PV power

~0,75 MW Grid needed to transport 97% of
TMW Solar PV power

Effect on cost

+ Savings: 25% lower grid connection cost
- Cost: ~3% higher LCOE of PV


https://static.agora-energiewende.de/fileadmin2/Projekte/2014/integrationskosten-wind-pv/Agora_Integration_Cost_Wind_PV_web.pdf

Defining system boundaries (costs perspective)

System boundary and type of cost Direct cost of electricity

« Buying and using technical equipment and fuel

External cost of electricity

» Cost and price of CO, emission
» Cost and price of insurance
» Cost and price of land use

Impact on economy

» Payments to local and international suppliers
« Competitiveness through technology leadership or through
low power prices

|

Impact on foreign policy

» Securing ressources by military and political action

Source: Agora EW


https://static.agora-energiewende.de/fileadmin2/Projekte/2014/integrationskosten-wind-pv/Agora_Integration_Cost_Wind_PV_web.pdf

Defining system boundaries (costs perspective)

Comparison of
total system cost

X bn EUR

Assessment of

Sensitivity analysis economic impacts

Assumptions Assumptions about  Consideration of externalities

about renewables power system (health, environment, risk of

(type and cost) flexibility accident)
High cost Legacy Not Different assump-
(biomass, system considered

tions on the devel-
opment of global
industries:

wind offshore)

Flexible

Low cost electricfication «nuclear renaissance”
(wind onshore, of heat & Fully vs. renewable
solar) transport internalized breakthrough”

N

Source: Agora EW



https://static.agora-energiewende.de/fileadmin2/Projekte/2014/integrationskosten-wind-pv/Agora_Integration_Cost_Wind_PV_web.pdf

Systems perspective

System components | What to watch
* Parts * Stocks and flows
* Interactions * Feedback loops

* Function or purpose ¢ Delays

Acting upon a system

e System levers

* Unintended consequences



Feedback loops

Positive
* RES deployment <> RES costs

* RES deployment <> integration
tech costs

* RES deployment <> system costs
* RES deployment <> acceptance

* RES deployment <> political
feasibility

Negative
* RES deployment <> wholesale price

* RES deployment <> conventional
energy costs and deployment

* RES deployment <> system costs

* RES deployment <> acceptance



Stocks and flows, delays

Electricity generation mix (2019) Expected new capacity (GW, 2020)

wind natural gas

other
0.73

(2%)

Nuclear /
20%




Unintended effects

Grid cost Mix of different effects, incl.

[bn EUR] / * European market
* New conventional power plants

» Reinvestments

/ Single effect:

= |Integration of renewables

Future with
high RES
Future with

low RES

% Penetration
Wind & PV

Source: Agora EW


https://static.agora-energiewende.de/fileadmin2/Projekte/2014/integrationskosten-wind-pv/Agora_Integration_Cost_Wind_PV_web.pdf

