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INN::PATHS
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Presentation outline INN::PATHS

Innovation and technology
» Costs (the Technology Matrix Tool, learning curves, expert elicitation)
« Historical analogues
* Innovation framings
» Patents and spillovers
« Case studies
* Labour markets
* Finance
 Justice and political economy
* Scenarios

* Policy implications Sources:
https://innopaths.eu/2020/05/13/d5

-1-synthesis-report-of-the-broad-
insights-and-analysis-of-wp1-and-
This project has received funding from the European Union's Horizon 2020 wp2/

research and innovation programme under grant agreement No 730403



What insights for policy? INN::PATHS

* Low and zero-carbon technologies: what are the costs, now and
in the future? How low will they go, and why? Can their rate of
diffusion be accelerated?

» Policy: what policies have been tried? What works?
« Scenarios: what will the world look like? How will this affect the

policy approach? (teaser only here)

* Finance: how to re-direct financial flows from high to low-carbon
investments by addressing the mismatch between the required
and available types of finance (e.g. risk-return requirements,
project vs corporate finance etc)?

This project has received funding from the European Union's Horizon 2020

research and innovation programme under grant agreement No 730403



Low- and zero-carbon technologies INN:PATHS

 Play a key role in the decarbonization process

* Crucially important for hard-to-decarbonize sectors (see
case studies)

« Many are currently available, and costs decreasing
« Other (key) ones are still in development/demonstration

 Future costs are uncertain, and hard to forecast

This project has received funding from the European Union's Horizon 2020

research and innovation programme under grant agreement No 730403



Technology matrix: wide range of INN::PATHS
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Low- and zero-carbon technologies MN\V-PATHS

Ranges are the aggregated costs from expert elicitations (some EU, some US
based) for each of the technologies for 2030 for 3 different R&D budgets (low-
BAU, medium, high). The big range is min max, then 25"-75t and then the median.
For nuclear costs are not expected to come down, for other technologies they are.
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Uncertainty Analysis INN::PATHS

Comparing learning curve projections and expert elicitations

Forecast for solar PV (function of time)

107 T T T T T o Forecast for solarPV (function of time)
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Statistical projection Aggregation of expert Comparison of the expert
based on the elicitations from different elicitation ranges (in red) and
distribution of learning experts about 2030 values the LC (in blue).

This project has received funding from the European Union's Horizon 2020 _
Source: Meng et al. 2019 (under review)

research and innovation programme under grant agreement No 730403



Technological trajectories: past and future  INN::PATHS

- I -2
« When normalised to projections

account fOl’ expected Power Generation Flue gas desulphurisation Solar photovoltaics,

. Organic rankine cycle (ORC) turbines Wind power, onshore
gIOWth in the g].O bal and offshore
economy (using

Bwldmgs District heating
GW/Decade/$T GDP Heat pumps
scenarios are found to be Industry Iron and steel: Blast furnace/Basic oxygen furnace;  Iron and steel: Direct

Electric arc furnace; Direct reduced iron with reduced iron with
natural gas (CH4-DRI); Continuous casting (CC); hydrogen (H2-DRI)
Coke dry quenching (CDQ); Top-pressure reduction

turbines (TRT)

Chlorine-reduced pulp

Variable-speed drives and energy-efficient motors

Ammonia and methanol synthesis

consistent with the
maximum historical
deployment rates of FGD.
« Heat pumps: projected
rates of deployment are

Chauenglng bUt none Of Transport Passenger cars Hybrid electric and
the rates of deployment CNG and LPG battery electric
are W-Lthout precedent -Ln Ethanol in Brazil vehicles
Agriculture Tractors Fertiliser use
the Countrles Wlth _ Conservation agriculture Diet optimisation

significant markets Source: https://innopaths.eu/2020/05/13/d5-
This project has received funding from the European Union's Horizon 2020 4_ synthesis-report-of-

the-broad-insights-and-
research and innovation programme under grant agreement No 730403 analysis-of-wp1-and-wp2/



Are rates of technology HNINEPATHS
diffusion in scenarios
consistent with the past?
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» Steel sector deep decarbonisation 0
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research and innovation programme under grant agreement No 730403

Source: Deliverable D1.3, INNOPATHS




INN::PATHS

Are rates of technology
diffusion in scenarios
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Analysis of labour markets (1) INN::PATHS
Greenness of jobs

« The computation of greenness and skills by occupation in the US.

« The computation of greenness and green skills by occupation in the EU.

« The computation of greenness and green skills by sector in the EU
member countries.
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This project has received funding from the European Union's Horizon 2020 Source: Gilli et al., Deliverable
2.5, INNOPATHS
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Analysis of labour markets (2) INN::PATHS
Evolution of leisure time

« Working hours have declined from about .. I
3000 hours per year at the start of 1
industrialisation to between 1500 and :
1800 hours per year by 2015. | . ¢
« This trend is projected to continue in Hjwig
the short term, implying higher values e
of leisure. ! st
- This effect is highest in countries which ‘..., ! . o
have high values of leisure preference. o * o
- Europe shows the highest value of *
leisure preferences followed by the USA -
* This has significant implications for the 4 | [ | 1
evolution of energy use and GDP in IAM
modelling
oy Source: Bosetti et al., Deliverable

Thi ject h ived funding f he E ion's Horizon 202
is project has received funding from the European Union's Horizon 2020 > 5. INNOPATHS

research and innovation programme under grant agreement No 730403



Labour markets and competitiveness INN::PATHS

« Environmental policy in its current and past applications have
not had a significant effect on trade. There 1s certainly no

evidence for the Pollution Haven Hypothesis. (source: Bonacorsi and verdolini,
2019)

« While energy price increases did not have a statistically
significant effect on total employment, they have been skill-
biased against manual workers and have favoured technicians. A
negligible total employment effect of energy price masks
significant distributional effects across both occupations and
sectors. Climate policy should be accompanied by a labour
market policy that retrains manual workers as technicians in
order to increase its political acceptability, but such retraining

1s itself challenging to implement successfully. (source: vona 2018, climate

RN O | ¢ 11 Vb Bce g Vieoaidéd 8uAefifd) from the European Union's Horizon 2020
research and innovation programme under grant agreement No 730403




Framing of innovation INN::PATHS

« Comparison between 4
c-Siand thin-film PV
by competing A

TECHNOLOGY CHARACTERISTICS

'I_ n S t 'I_ t u t e S /' ' High maturity ; 1 Low ; ! Positive evolution ; 1 Uncertain ; : Negative
’ ! of own " maturity of own | ! of own ! evolution of .\ evolution of own |
i technology (a) : . own technology (b) : i technology (c) :
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indefinite future, | y
definite future, ':,
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p erform ance an d Framing Dimensions (1) Framing Tactics (2)

p Yo gr ess STRATEGIC TECHNOLOGY FRAMING

» Tactics: conclusion,

conditioning and
A C o §igj gmqject has received funding from the European Union's Horizon 2020 Source: Hoppmann et al., 2020
research and innovation programme under grant agreement No 730403




Analysis of patents INN::PATHS

« Since 2000 the EU RES innovation space has become more integrated,
with EU RES inventors increasing their patent citations of patents from
other member countries and decreasing citations of domestic
inventors.

« The EU strengthened its position as a source of RES knowledge for the
US, indicated by a post-2000 increase in the number of US citations of
EU work, and a decrease in EU15 citations of US.

« The patterns of decreased fragmentation are peculiar to the strategic
field of RES and do not apply to other comparable technologies (either
from the energy field - efficient fossil-based technologies — or
radically new — 3D, robot technologies, IT and biotechnologies)

« The higher integration seems to have been brought about by an
intensification of the EU sURPOLL for RES following gigning of t 16 Kyoto

3 P16£6:€0dnd innovation programme under grant agreement No 730403




Analysis of spillovers in Li-10n INN::PATHS
B-atsteggr]r?eschnological breakthroughs

« Four spillover mechanisms: people change their technological
field or sector or moved between different scientific
disciplines; interdisciplinary education, interests group work;
communication or contact between individuals; access to
conferences and reading of publications

« Filve enablers: the structure of public funding, which provided
freedom of search; the existence of interdisciplinary education
and exchange programs; the management and organization of
R&D groups; firms working across multiple sectors; and public
and policy interest in and awareness of an issue

Source: Stephan et al., 2020 under review

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 730403




Case studies

INN::PATHS

Battery Electric
Vehi
Energy Management SckEs
Steel Industry

Energy Management
Steel Industry

Germany Livestock Diet
Management
Solar PV
Italy
Building Envelopes Electricity Smart
for New Buildings Meters
Poland
UK Livestock Diet
Management
EU-Level

In depth analysis of EU-level actions/policies/approaches to each specific technology/process innovation

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 730403

Source: Deliverable D2.4 INNOPATHS




Case studies: High-Level Messages INN::PATHS

The cost of both the cost of low-carbon technologies and the cost of
supporting them plays an important role in innovation

In most sectors, several technological configurations for
decarbonisation are available.

A successful technology transition requires the concerted action of a
diversity of actors at multiple scales to shape innovation and
transition dynamics.

Value systems play a very active role in shaping innovation objectives
and priorities

European level actors, policies and institutions play a crucial role in
providing an impulse for the sustainability transition.

Successful innovation systems are those where many things “fall into
place”, where different sets of actors with overlapping roles and

authority push for decarbonisation.

This project has received funding from the European Union's Horizon 2020 Source: Deliverable D2.4 INNOPATHS
research and innovation programme under grant agreement No 730403



Finance: how to catalyse private

risk than to increase returns) (Polzin et al. 2019, Applied Energy)

INN::PATHS

C %@rﬁ@( Bapers analysing the effect of policy instruments in catalysing private investments in renewables
: Ve instruments work on both levers risk and return (risk seems even more relevant, with many
renewables becoming competitive) => Policy makers should consider risk dimension first (typically cheaper to reduce

« While overall investment risk for solar PV and onshore wind has declined, there are important differences between
risk types. Policy and technology risks have become relatively less important over time, while curtailment and price
risks are becoming relatively more important => Policymakers need to be careful in exposing RE to wholesale markets

(Egli 2020, Energy Policy)

« Policies that enable project finance structures (as opposed to balance sheet financing) allow fast growth of new
industry of renewable project developers with small balance sheets => Policy makers should employ policies that
enables project finance (such as reverse auctions or feed-in tariffs; and not mere

. BEMISAABXUHALEbNS (cost of debt & equity, loan tenors etc.) for renewables
have greatly improved, particularly in countries where such policies were
consistently implemented. (Egli et al. 2018, Nature Energy) This was driven

by:

« General interest rate (IR) developments (quantitative easing) (black line in
fig) => Policy makers should be aware of the risk of rising IRs and avoid
relying on the ETS only (Schmidt et al. 2019, Nature Sustainability)

« An experience curve in the renewable energy and financing industry

Bond yield or margin (%)
w

corporate tax breaks) (Steffen 2018,

53% = = SolarPV debtmargin
= = * Wind onshore debtmargin

General interestrate level
(10-year German governmentbond)

reducing margins (red line in figure) => Policy makers (and modellers) 0 . . . .
should consider the 1ong—te¥m cost-l%educing effect o . 2000 2005 2010 2015
This project has received funding from the European Union's Horizon 2020 vear

research and innovation programme under grant agreement No 730403



Green State Investment Banks INN::PATHS
Four key roles — well beyond capital

prov-l',%\.-l'gagital Provision and C. Signaling Role
De-risking Roles = SIB reputation crowding-in private
= Direct funding for crucial gaps, equity and debt
concessional or commercial terms = “SIB participation signal” with
= De-risking instruments effect on financing cost

(e.g., guarantees)

B. Educational Role D. First or Early Mover
= Specialist internal expertise = Early movers with respect to new
(e.g. accurately assessing risks) technologies (in the country), new

deal structures,
new manufacturers
and developers

= Financial innovation
and standardization

This project has received funding from the European Union's Horizon 2020 Sou,rce" Geddes et al., 2018, Energy
. . Policy
research and innovation programme under grant agreement No 730403




Political economy, disruption and INN::PATHS
lnjustice

« Decarbonisation is bound to give rise to major
distributional effects, some of which will be
perceived as injustices.

« Vulnerability indicator: see next slide

e Justice: distributional, procedural, cosmopolitan, and
recognition; spatial and temporal

* Four key technologies: nuclear in France and Germany,
solar PV in Germany, smart meters in UK, EVs in

N O IW a y https://innopaths.eu/2020/05/13/d5-1-

This project has received funding from the European Union's Horizon 2020 synthesis-report-of-the-broad-insights-and-
analysis-of-wpl-and-wp2/

research and innovation programme under grant agreement No 730403



Relative vulnerability to decarbonisation INN::PATHS
across European NUTS2 regions

« Vulnerability indicator: carbon-
intensive industry (fossil fuel g
extraction and processing, and
internal combustion engine
manufacture) that declines in
decarbonisation scenarios, low
education, high unemployment
(high pre-existing rates), low
levels of education ety

_—

This project has received funding from the European Union's Horizon 2020

Source: McDowall et al., 2019
research and innovation programme under grant agreement No 730403




Whole systems energy justice impacts of INN::PATHS
four European low-carbon transitions

A Macro (global) ®  Mineral extraction ®  Rising energy * Rising global
A2 processes demand waste

e  Transportation of ® Impact on other e Geopolitical issues
19 ] ] ! materials countries’ policies
« 120 "injustices " P
e Labor conditions
®  Global supply chains

o . g S Meso (national) ® Increase in subsidies * Inequality of *  Waste
¢ E.g. pU b].IC flna n C.l.a.l. SU p port P leading to raised taxes benefits e Costs of disposal
» e Carbon footprint of ® Increased ®  Recycling of old
for the u pta ke Of EVS, Wh-I_Ch : installations vulnerability and materials
e Diversion of funds inequality
currently tend to be more i from othe sectors
a Micro (local) e  Disruption of ®  Local pollution ®  Legacy of local
1 ecosystems e Exposure to local pollution

expens.i've than .i'nterna.l' e Diversion of funds risks
combustion engine (ICE) IOt TN s

systems

vehicles, favours richer . 2 R e
in factories
rather than poorer

Production/ Consumption stage Disposal/

h 0 u S e h O.I_d S distribution stage recycling stage

This project has received funding from the European Union's Horizon 2020 Source: Sovacool et al., 2019,
Global Environmental
rhanop

research and innovation programme under grant agreement No 730403



Core Scenarios — based on co-designed narratives INN::PATHS

IR: big energy companies switch to supply
of low-carbon energy, with large-scale
deployment of renewables, CCS, synthetic
fuels from hydrogen.

NPS: Rapid innovation with new businesses
providing new technologies and services.
Energy services are largely electrified,
largely through wind and solar, with
flexible demand, grid expansion and large-
scale storage..

E&S: substantial behaviour and lifestyle
changes, with more efficient energy use,
low-carbon lifestyles, reduced
consumption in an increasingly circular
economy. Efficiency and Sufficiency Europe of Two Speeds

E2S: different MS rates of decarbonisation

€ | ifferepbechnategies anRdiRpliiase European Union's Horizon 2020
prldesfaconmpetitieniangegaficiunder grant agreement No 730403




Policy implications HNNEPATHS
« Well-designed climate and energy polices needed to

promote decarbonization

» These policies also have technological, economic and
social outcomes (e.g. competitiveness, wages).

« Debate on trade offs and policy effectiveness and is
very much open and lively, complex to synthesize

« What policies have been introduced? Which are most
effective?

This project has received funding from the European Union's Horizon 2020

research and innovation programme under grant agreement No 730403



Decarbonisation Policy Evaluation  in:paths

TAA]

« Evidence to support policy decisions about
alternative instruments to achieve various goals
related to the energy transition

 An integrated tool with information about the
impact of different policy instruments on
several outcomes of societal interest, including an
evaluation of the strength of evidence




Decarbonisation Policy Evaluation ™

Tool: What's in?

To date: Available evidence regarding 10 different policy instruments that can shape aspects of the
transitions to a low-carbon economy

Evidence analysed in terms of 7 different criteria used to understand the impact of the policy
instrument on environmental, technological, cost, competitiveness and social outcomes
e The strength of the evidence: by paper and aggregated by policy

° The context for the evidence to help interpret its possible applicability elsewhere

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 730403




INN::PATHS | Policy Evaluation Tool TOOL ABOUT GLOSSARY SETTINGS

- INN::PATHS

CHOOSE A POLICY GHG emissions allowance trading scheme -
Search Q
Criteri ASSESSMENT OVERVIEW
Effectiveness Efficiency Relevance Socio-polii
SELECT... - @© @ ®
& 0 E 54
m Environmental effect Cost-effectiveness n Competitiveness E
Suudy methadology © BAS v o Oon
—————————————— 54 8 28
1 2 3 4 5 6 7 8 0 n Technological effect n Innovation incentives Other SDCID-DO‘I‘(ICBW’VD&CIS
0 O .
Evidence type
SELECT. . Policy type Study Criteria Evidence Sector Jurisdiction Additional policy Source L
methodology Type level congidered e C E ’ r 0 n | f i E ’
Jurisdiction level 1 GHG emissions Exante Industry International x Meyer and Meyer
allowance trading (2013). Cecilia 2050
SELECT... - scheme Optimal EU climate
policy project. WP 2.6 [ ] [ ]
Sector —
2 GHG emissions o ‘Quant Power International x Jaraite and Di Maria
allowance trading s? (2016). The Energy
SELECT... - scheme Joumnal , 37(1): 1-23
]
3 GHG emissions ‘Quant Power Intemational X Anderson and Di Maria
m ‘Show palicy o) allowance trading (2011). Environmental
‘comparisons? scheme Resource Economics,
48:83-103
KEY ® 4 GHG emissions Quant Industry Intemational x Branger et al (2016).
allowance trading The Energy Joumal,
scheme 37(3):109-135
Fositive
=
5 GHG emissions ‘Quant Industry International x Sartor (2013). USAEE
Negative allowance trading Working Paper No.
impact @ scheme 13106
Mo 6 GHG emissions Quant Industry Intemational X Chan etal. (2014).
impact allowance trading Energy Policy, 63
scheme 1056-1064
7T GHG emissions ‘Quant Industry International 4 Wagner et al. (2014). In
allowance trading Fifth World Congress of
scheme Environmental and

Rescurces Economists.
Instabul, Turkey. 2014.

Source: Deliverable D2.6,
INNOPATHS and Penasco et al..

This project has received funding from the European Union's Horizon 2020 5020, under review

research and innovation programme under grant agreement No 730403



http://innopaths-pet.niceandserious.com/#/papers

White certificates

Green certificates

GHG emission allowance tradings schemes

Taxes and Tax exemptions

FITs/FIPs

Auctions

Government procurement

R&D funding

Renewable Portfolio Standards

Building codes

o

10 20 30 40 50 60 70 80

B Environmental effectiveness B Technological effectiveness m Cost effectiveness
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