Governing the Energy Transition Summary HS 2017

Chapter 1

No. 1 reason for global energy transition: climate change
Directly measured CO2 concentration rises steadily since 1958 (seasonal fluctuation due to different land mass on Northern and Southern hemisphere and decay/growth of plants)
Energy transition: from high-carbon to low carbon and from biomass/ suppressed demand to modern energy systems

3 layers: End-of-pipe solution (CCS, Particle filters, stack gas treatment), Energy Efficiency (in production and use), Fuel switch (generation and usage: electric vehicles)

Energy services: Heat, Cooling, Lightning, mobility, work (mechanical Power), electronics

Energy Systems:
· Long time horizons
· Large investments
· Heterogeneity (wind power vs. internal combustion) and decentralized
· Strong externalities market failure likely  need of policy intervention and regulation
· Complex and uncertain

Governance: “processes of interaction and decision-making among the actors involved in a collective problem that lead to the creation, reinforcement or reproduction of social norms and institutions”
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Economic barriers: Market failures (incomplete internalization of all negative externalities, monopolies and oligopolies), Principal-agent conflicts, financing
Political barriers: Autarky/ nationalism, Lobbyism
Social barriers: Incomplete information, Public opinion, Behavioral factors
Energy system specifics: Uncertainty & complexity, long time horizons, large size of investments, heterogeneity in actors & industries, Grid as natural monopoly

What is the ongoing energy transition?
· Climate change & electrification mandating transition to low carbon energy access for all
· Not just an exchange of technology, but transforming industry, institutions, and society
· Need to act fast and accelerate transformation to prevent even higher mitigation pain later
What is the role of electricity?
· Power and heat generation largest source of CO2 emissions, and growing rapidly
· Electrification also a mean to de-carbonize other sectors, esp. transport
· Power with peculiarities: C embedded, inherent complexity and uncertainty
What is the role of governance?
· ‘Governance’ as process of governing a collective problem –focus on public & global gov.
· Energy policy characterized by multiple goals: Affordability, sustainability, supply, (innovation)
· Many reasons for policy intervention, incl. externalities, market power, technology lock-outs

Chapter 2:

In power sector: renewable have overtaken fossil fuel capacity additions
But still far away from 2°C target

Carbon budget: the further we delay action the more drastically we have to transform our system later on (including negative emissions)
Net negative global emissions: (CSS technologies, plant more trees, Bio-Energy CSS, Geo-Eng.)
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UK: shift from wood to coal took long time, shift from coal to gas for heating went relatively fast at one point ( industrial revolution was cause and effect of the transition: feed-back effects)
 Clean Air Act because of high air pollution  coal was suddenly much more expensive than natural gas

Co-benefits can play important role for diffusion of new technologies: manure problem
 fast adaption for trains
(urbanization favored cars again because reachability and flexibility)

Technology dominates when it’s efficient in terms of mining it




Chapter 3:

What is innovation?
· Introduction of new product/ process/ orga (uncertain outcome)
· Entrepreneur as innovator (Schumpeter)
· Non-linear process due to learning feedbacks
· Types of innovation: incremental/ radical/ modular/ architectural

Why does policy matter?
· Various system “failures”/ externalities
· Market failure too narrow for innovation (as perfect markets are not good for innovation – Schumpeter hypothesis)
· Accelerating and re-direction innovation will always require policy mix

How does innovation change over time?
· Tech cycles (era of incremental change vs era of ferment and selection of dominant design)
· Complexity of product/ process matters (higher impact of socio-political factors, determines sequence of innovations (complex product system vs mass produced products))
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Schumpeter: Technological change and innovation as main driver of economic growth in capitalism, different forms of innovation: products, process, organization
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Innovation cycle:
[image: ]

Chapter 4:

Technological lock in: persistent state where a sector/ economy is “trapped” into specific technology/-ies. Alternative technologies are locked-out, meaning they have little chance to increase market shares without major market shifts. Technological change is driven by increasing returns leading to path dependency.

Upside:
· Focus on technology might increase efficiency (short term)
· less coordination failures

Downside:
· premature lock-in can lead to short-term efficiency but long-term inefficiency
· Systems with low diversity are les resilient to (external) shocks
· Competition (between technologies) can spur innovation
· Dependency on one source
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Invention (and Innovation) happens across sectoral boundaries
 	- Have Knowledge feedback
	- Sell end-product  high mages  a lot of money for R&D
	- less Risk (uncertainty about which technology will win)
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Chapter 5:

Private funds represent the by far larger potential source of finance  Challenge: How to leverage private funds using public funds?

Differences in regions: why?????
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Policy mix should address risk and if necessary provide additional returns  need to understand, which risks are how relevant in a specific market  Targeted de-risking can reduce cost of capital and increase availability of finance  Reduced cost of capital can strongly decrease the costs of electricity generation and thereby the policy costs

Public banks can act as enable of low-carbon technology diffusion and innovation:
· Downstream finance is not only important for diffusion but also matters for innovation (for deep de-carbonization technologies)
· Low-cost finance particularly important for upfront cost-intensive technologies
· Public banks can play an important role as industry leaders going beyond capital provision and de-risking (their mandates matter)
· In developing countries, multi-lateral development banks (MDBs) or infrastructure—related banks might take over this role
· Creating tracking History for private Banks
· Create Trust (due to capabilities)

Chapter 6:

Governance: “process of interaction and decision-making among the actors involved in a collective problem that lead to the creation, reinforcement, or reproduction of social norms and institutions”. (we focus on public governance)

System failures that imply policy intervention:
· Market structure
· Appropriability issues (spillovers from R&D and learning-by-doing/implementing/using i.e. positive externalities)
· Social/environmental negative externalities
· Coordination failures (complex innovation systems in niches; institutional lock-ins at regime level)
· (Trust is very important)
Policy mix needed (various instruments for the various failures)
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Policy mix:
No optimal mix; More: How do the additional coming policies effect the existing ones and how they interact (one could make another obsolete)
3 possible types of interactions between policies:
· Different instruments targeting the same (group of) actor(s)
· Different instruments targeting different actors in the same process
· Different instruments targeting different processes in a broader system
Policy design is nested: range of choice is restricted by general decisions about policy aims and means (instruments)
	3 level of design choices:
· Governance arrangements
· Policy objectives and mechanisms
· (Concrete) targets and instruments calibrations
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Chapter 7:

Policy: “Whatever governments choose to do or not to do”

Implicit: policy-making as single choice
Explicit: policy-making as a dynamic process

No common approach to measuring policy output
	3 common approaches:
· Proxies
· Policy density (counting the no. of policy instruments)
· Policy intensity (defining the content of a policy; mostly done for regulatory policies)

IPA: Index of Policy Activity
Starting points: density vs. intensity; taxonomy of policy elements
Basic rationale: identify properties each policy instrument has (to a varying degree)
6 indicators: Integration, Scope, Objectives, Budget, Implementation, Monitoring
Coding scheme: allows production of comparable dataset
Aim: Generally applicable conceptualization of policy output & measurement approach

Characteristics of increasing returns processes:
· Unpredictability (large effect of early events, many possible outcomes)
· Inflexibility (the farther into the process, the harder to shift to another path)
· Nonergodicity (small events are remembered)
· Potential path inefficiency
Features of technology & its social context generate increasing returns:
· Large set-up or fixed costs
· Learning effects
· Coordination effects
· Adaptive expectations

Aspects of politics that make it conducive to increasing returns pathways:
The collective nature of politics: consequences of individual actions are highly dependent upon the actions of others; many of the goals pursued by political actors have a «winner-take-all» quality
The institutional density of politics: both formal institutions and public policies place extensive, legally binding constraints on behavior
Political authority and power asymmetries: positive feedback over time simultaneously increases power asymmetries and renders power relations less visible
The complexity and opacity of politics: whereas in economics the link between choice and outcome is usually clear, politics is much more “murky”; mistakes in politics often do net get corrected; learning is very difficult

Why is it frequently more difficult to reverse course in politics than it would be in economics?

Time horizons: policy decisions have long term effects, while politicians are more concerned about the short term consequences
The status quo bias of political institutions: key features of political life – public policies and especially formal institutions – are change-resistant

add lack of competitive mechanisms in politics & weakness of learning processes

 The political world is unusually prone to increasing returns!

Why does it matter that path-dependency is prevalent in politics?

Levin et al. (2012) argue that you policy-makers can apply a «forward reasoning approach» based on principles of path-dendency
 How?
· By creating stickiness (making reversibility of choices difficult)
· By entrenching support for a policy over time
· By expanding the population that suppoerts the policy
· By building in a revision point in policies when building them
 Enables tackling «super-wicked» problems!





Chapter 8:

Institutions matter!
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Example: 
1) only rich people can put a lot of money in election to their favorite party which are going to rule as they like → try to prohibit this
2) what majority you need to rule?
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The Advocacy Coalition Framework:
Framework (not a theory!) with shared set of assumptions:
· Unit of analysis: policy subsystems (one can only understand policy processes here)
· Relevant actors: including anyone regularly involved in subsystem affairs (i.e. not only “official” actors)
· Attributes of actors: boundedly rational (actors have goals but struggle to process information); given these limited cognitive abilities they simplify the world through belief systems
· Deep core beliefs: normative values
· Policy core beliefs: basic orientation towards policy subsystem (empirically: assessment of seriousness of policy problem, its causes etc.)
· Secondary beliefs: instrumental means to address policy problem
· Making sense of subsystems: organize actors into one or more advocacy coalitions based on shared beliefs and coordination strategies

· Pathways to policy change:
· External shocks: can lead to redistribution of coalition resources and opening/closing of policy venues
· Internal shocks: can lead to changed beliefs of coalitions and/or increase doubt about core beliefs of dominant coalitions

Chapter 9:

Policy Effectiveness:
Dimensions of effectiveness:
· Different dimensions of technological change
· Other type of change or stability (environmental)
· Long-term vs short-term change-Cost-effectiveness (-> efficiency)

 Many targets (sometimes conflicting…)

Important design features:
· Intensity:
· objectives, scope, integration, budget, implementation, monitoring
· Predictability (compare long-term targets)
· Specificity (e.g., technology-specificity) (see next week)
· Credibility of future commitments
· Flexibility (vs stability/stickiness)

Multi/mixed-methods approaches in order to get to the bottom of it.
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Chapter: 10

Market failure vs state failure

Making forecast is difficult
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Perhaps it’s the reverse effect: first inefficient for a short time and then very efficient (if you pick the efficient technology today it’s not going to be efficient in the future)


Market failure involved: (lack of information about development of technology), positive externality  knowledge transfer

No price on knowledge

If the technology get not picked learning by producing and learning by doing is not possible (feedback loops)

[image: ]
	Compensate for CO2 emissions (negative externalities) (Low carbon technological change)
	internalize externalities

	Long term efficiency
	carbon tax / emission trading

	
	caps (regulated), way of distribution



	China pushed PV as industrial policy
Create home market advantage
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Complex:
1) How many components
2) How do the components interact with each other?
3) How many components do I have to change if I change one components

The more complex the higher is market concentration (car- , turbine- , wind manufacturing,…)

Chapter 11:


	Politics
	
	Policy
	
	TC
	
	CI

	
	· Actors (typically political)
· Institutions (more political)
· Windows of opportunity
	
	· Actors (typically firms)
· Institutions (more general)
· Capabilities
	
	
	



Feedback from TC and CI to Politics

Windows of opportunity is rare for climate change (natural catastrophes), better for technology

Environmental science came up from the idea that technological change is not an option (forest for example)  don’t have the mindset of integrating industrial policy to solve the environmental problem
· Focus on negative externalities and forget about positive knowledge spillover


Cost (economic cost or learning curve)
 could lead to learning and policy learning

Jobs important

Moderation of Feedback Effect:
· Agency (how political powerful are the actors that win/lose  influence politic dynamic)
· Polity
· Geography (1. Costly are different technology, 2. Capabilities: if no capabilities  fast knowledge spill over and country lose possibility)
· Technology (How many jobs are involved?)
Recap: Governing the Energy Transition

Be able to reproduce the knowledge / understand / combine

Are we fast enough?
Start today and then not radical decarbonization needed or go now a bit and then decarbonize fast

What speaks against a fast transition what for a slow transition?
Slow: 
· Multiple technologies involved, high complexity of individual technologies
· Large market sizes + high existing stock
· Large investments
· Coordination efforts between different agents
· Systems of system

Rapid:
· Substitution of one technology with an attractive one (with better performance)
· Substitute technology has been used in after fields before (learning cost, track records  more trust for investors)
· Low degree of technological complexity
· Small market sizes (national, sub-national)

3 Perspectives: Policy, Finance, Technological change


Kyoto  Paris
· Rather bottom up than top down
· Countries can make own policy
· Paris focused on positive externalities  economic opportunity: Job, exports, ...
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+ China needs to change economy: not the cheap country as it was
 labor cost rises
[bookmark: _GoBack] “we are in the protocol, we need to do this”  change your economy without losing your face

After COP: Cost estimation for mitigation went down dramatically

Speed it up: make technology cheaper, overcome political back-pusher (coal miner, car industry, ...)
image6.emf
What are the system failures involved in
innovation (in energy)?

* Market structure (natural monopolies;
powerful oligopolies throughout value chains)

* Negative environmental and social
externalities (pollution etc.)

» Lacking appropriability of innovation (due to
positive externalities such as spillovers):
affects R&D and LBD/U

« Coordination failures, near-sighted behavior,
institutional path dependencies, risk aversion

Source: EPG/ETH Zurich

Policies to address them

Competition policy;

command and control

Pricing pollution -> (partly)
internalize externalities

Protect knowledge (patent
system); R&D and diffusion
subsidies

Set long-term targets;
strengthen
innovation systems in niches
(including finance)

2 policy mix
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“Downstream” finance:

“‘Upstream” finance: high risk equity “‘conservative” equity, debt
R&D Demonstration Diffusion
“Learning by doing and using”
“1st valley of death” “2nd valley of death”
Venture capital for energy is scarce (too long exit times) Long-lasting finance is very risk averse (incentive to reject

new technologies)

Tech push (RD&D support)

Demand pull (subsidies, ),
+ venture programs/capital

de-risking











image8.emf










image9.png
("‘%wé
‘MQ—Q&V\% Petuen —o*{?»SchD\

Dwensma Poduen ~of -Seuls

Casmiative
Pmlm}. £





image10.emf
X R

[

- /Qﬁf*dk g:x Cost
— I/\G}OOON‘V\ @%604&

Technology A %moVaHom) Tlechnoleay Q@w\ma
_ shad  expectation

Cost/unit
A

Potential long-term
inefficiency

N
Ll

Cumulative Output | scalo st fone |
(units)

Do most economic
models assume the
same function?

,&ua ko s w eqw}é'wuw.










image11.emf
Enowledge Knowledge and technological capabilities are at the heart of innovation
ase

Innovation happens in dynamic (ever changing) systems
Different actors are involved:

Firms
Actors and Universities/research institutes, NGOs
networks Individuals

Actors are heterogeneous (e.g., in terms of capabilities) and have imperfect
understanding of their environment

These actors are engaged in networks (e.g., to exchange knowledge)

The actors’ decisions are shaped by institutions
Institutions Formal: regulation / policy (including markets)
Informal: normative, cognitive

Technological New technologies depend on infrastructures and complementary (and competing)
artifacts technologies (e.g., batteries and inverters)

* The dynamics within these innovation systems determine the speed and direction of technological change
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Private investors’ decisions are mainly guided by
the risk-return profile of an investment opportunity
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investments attractive
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Political content
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§ Civil authorities (Government,
parliament, etc.)

§ Institutions (Parties, associations, etc.)

§ Decision-making
§ Implementation










image15.emf
Policy ~
maintenance, Agenda

succession or setting
termination Executive
branch
Judiciary & £ . 1uation Policy
executive formulation
branches

Implementation Legitimation

Legislative
Source: Cairney 2012 branch










image16.emf
Different types of policy instruments exist

Governing Description
resource

Information Policies designed to increase knowledge/awareness among - Information campaigns
relevant stakeholders - Training

* Labelling schemes
* (Long-term) targets

Authority State uses regulatory authority to change behavior and » Regulation/standards
activities of relevant stakeholders . Licenses
» Charges
Treasure Policies that aim to change behavior and activities by *» Tax breaks/expenditures
providing financial incentives « Subsidies
* Loans
Organization Policies that lead to direct state activity. * Public enterprises (e.g., state
investment bank or state-owned
utility)

* Public-private partnerships

Another way of categorizing instruments:
- Sticks

- Carrots

- Sermons
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Technology push Demand pull
=> |ncrease variety => Alter selection

»[ R&D H Demonstration H Diffusion »

Learning by doing, implementing and using

Coordination
* Long-term targets (reliable)
« Sectoral coordination (including finance)
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Instrument

Governing by information

Information campaigns/labels

Demonstration

Diffusion

* Change investment/purchasing
decision of
investors/consumers

* Increasing social acceptance

(avoiding NIMBYism)

Long-term targets

» Change investment decisions (R&D to technology adoption)

Governing by authority

Command and control
measures (e.g., minimum
standards)

* Direct intervention in selection
mechanism (by making certain
products/services obsolete)

Governing by treasure

Subsidies

* R&D subsidies to increase
R&D activities (learning by
searching)

» Subsidies to enable
demonstration of new
technology/designs

* Purchasing subsidies to
change purchasing/investment
behavior

Governing by organization

Public enterprises

* Public R&D labs (e.g.,
NREL/PSI), incubators

» Creation of public enterprise to
demonstrate new
technology/design

* Procurement by public
enterprises
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= ‘Historical’ institutionalism:

» central assumption: we need to study human political interactions (a) in the context of rules and
structures that are themselves human creations (i.e. institutions); and (b) sequentially (i.e. over
time), rather than taking snapshots of those interactions at only one point in time

» conventional notion: institutional development over time is marked by path dependency (P.
Pierson)

> in (research) practice: to understand the actions of (political/societal) actors, the institutional
development over time has to be considered

= ‘Rational-choice’ institutionalism:

» two ways to think about institutions: (a) institutions as exogenous constraints for rational actors
/ institutions provide the ‘rules of the game’; (b) institutions not as given exogenously but rather
provided by the players themselves (the ‘ways in which the players want to play’)

» conventional notion: political action is a result of bargains negotiated among
(individual/collective) actors pursuing their ‘rational’ interest - politics = structure-induced
equilibrium of institutional games

> in (research) practice: to understand the actions of (political/societal) actors, we need to
understand the rules of the game
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Example: 
1) only rich people can put a lot of money in election to their favorite party which are going to rule as they like → try to prohibit this
2) what majority you need to rule? �
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_ Majoritarian Democracy Consensus Democracy
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Executive power
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Party system
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Interest group system
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Federal-unitary

Legislative power
Constitution

Constitutionality of laws

Central banks

Concentrated in single party
majority cabinet

Executive is dominant

Two-party system
Majoritarian and disproportional

Pluralist (free-for-all competition
among groups)

Unitary and centralized
Concentrated in unicameral
legislature

Flexible (can be amended by
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Decided by legislature

Dependent on executive

Shared in broad multiparty
coalition

Balance of power between
executive and legislature

Multiparty system
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at compromise and concertation)

Federal and decentralized
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strong houses

Rigid (change only by large
majorities)

Subect to judial review

Independent




Amir Mikail


UK/NZ





Amir Mikail


Text





Amir Mikail


(EU)/Switzerland/Belgium











image22.jpeg
— Direct policy spillover effects

(focus on Solar PU)

Technology-push (Hypotheses set I) Demand-pull (Hypotheses set Il)

Higher domestic demand-pull policies
- Higher innovative output \/

Higher the domesti acheclogycpish - Z/
-> higher innovative output

Higher the foreign technology-push Higher foreign demand-pull policies ﬂ iy
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Policy Implications

Foreign industries also benefit from national demand-pull policies
«  Disadvantage when technology still immature (from industrial policy perspective)

Possible solutions:
a) tech.-push for technology development, then intensify demand-pull
b) supra-national demand-pull policy schemes, balancing effects (good from climate pol perspective)

Source: Peters et al, 2012 (Res Pol)
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Indirect knowledge spillovers between technologies

= Knowledge is cumulative (see week 4) and knowledge spillovers exist (positive externality)

= Knowledge spillovers from other technologies can be highly important for innovation

Early wind turbines used

knowledge (embedded in

products) from:

- Tractors (gearing)

- Small hydro turbines (drive
train, generators)

- Cranes (tower, gondola)

- Yachts (blades)

- Etc.

=> Support for one technology can create spillovers to another technology.
However, it depends on the relatedness of technologies, whether such
spillovers happen (more on batteries next Semester in TPEES lecture ;) ).
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Knowledge is cumulative (see week 4) and knowledge spillovers exist (positive externality)

Knowledge spillovers from other technologies can be highly important for innovation
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Indirect knowledge spillover s between technologies

Early wind turbines used 

knowledge (embedded in 

products) from:

-Tractors (gearing)

-Small hydro turbines (drive 

train, generators)

-Cranes (tower, gondola)

-Yachts (blades)

-Etc.

=> Support for one technology can create spillovers to another technology.  

However, it depends on the relatedness of technologies, whether such 

spillovers happen (more on batteries next Semester in TPEES lecture ;) ).
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Fig. 1. Technological competition and lock-out of superior technology.
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