Overview of Scenario
Activities and Interactions
with the Technology Experts
IN the SRREN

Volker Krey, Leon Clarke

IAMC Meeting, Tsukuba, Japan
September 15, 2009

g International Institute for
- Applied Systems Analysis

[1AS A www.iiasa.ac.at



Contents

® Structure of the Oslo meeting

® Overview of SRREN scenario review

® Overview of feedback from technology experts
® A path forward

g International Institute for
-v Applied Systems Analysis Pacific Northwest

[1AS A www.iiasa.ac.at



|
Elyr

How do we bridge the different
approaches to analysis?

ENERGY SUPPLY SCENARIO
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A Little Context on the Short-
Term and Long-Term Goals

Today SRREN (fall 2010) AR5 (2013)

A New Set of Integrated Scenarios

Scenarios Work through IAMC w/Technology Experts
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Overview of the Oslo meeting

® 2-Day workshop

® Participants
" representatives from 9 IA modeling teams
® ~20 technology experts (CLAs+LASs) from technology chapters

® Agenda
¥ Presentation of current status of SRREN scenario review

" 9 IA models presentations (8 global/1 regional)

® 6+1 technology chapter presentations
(biomass, solar, geothermal, ocean, hydro, wind, and systems
Integration)

" Lots of discussion
® Conclusions: “Memorandum of Common Understanding”
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SRREN Scenario Review
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Submission to SRREN scenario
survey

® SRREN survey

¥ 1st and 2nd best scenarios
¥ Details on renewables
® Technology matrix

® Caveats
¥ Results are biased

" difficult to consistently
assess some important
Issues, e.g. impact of limits
on CCS and nuclear or
delayed participation.

® Solution

¥ focus a bit more heavily on
some coordinated studies
such as EMF 22, ADAM,
and RECIPE.
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Number of

Participating Model Scenarios
AlM 3
DNE21 7
ETP 3
GRAPE 2
GTEM 7
IMAGE 4
MARKAL / AIM CGE 3
MERGE-ETL 17
MESSAGE 7
MiniCAM 8
POLES 15
REMIND 28
TIAM 10
WITCH 12
Total

126
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The remaining primary energy must
come from low-carbon sources.

300-400 ppm (Cat I)

400-440 ppm (Cat Ii)

440-485 ppm (Cat Ill)
—— 485-570 ppm (Cat IV)
— 570-660 ppm (Cat V)
—— 660-1000 ppm (Refs)

Note that the scale of
low-carbon energy
production is related
to emissions and
concentrations, but
also heavily
influenced by the
scale of energy
demand, which is
highly uncertain.
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Renewable energy will provide some
portion of the low-carbon demand.
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How does the availability of CCS influence
the deployment of renewable energy?
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2050

The scenarios
indicate that
although the
availability of CCS
may have an
important influence
on deployment,
uncertainty in the
scale of the energy
system is also
critical.

300-400 ppm (Cat I)

400-440 ppm (Cat ll)

440-485 ppm (Cat lI)
—— 485-570 ppm (Cat V)
— 570-660 ppm (Cat V)
—— 660-1000 ppm (Refs)

A w/fossil CCS
€ w/ofossil CCS

The answer might be different
if more scenarios with limited
nuclear were provided and it
depends on assumptions of
performance and cost.
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We need to force
more consistency
in the dataset.




Renewable Energy Deployments
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Renewable Energy Deployments
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Renewable Energy Deployments
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Renewable Energy Deployments
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There is still work
to do to enhance
the consistency of
the comparison.

But this material
can be used to
develop illustrative
pathways for
consideration



Is the system integration aspect sufficiently
well covered in IA models?

[TASA

2050
(o]
Q|
0 _|
o
— < _
- o
o
3
e
(7]
2
Zg 2 -
(&]
= e A ﬁ
©
.E N e
= o 7 A
A A
o A
o | ﬁ A
AEA
=
I I I I
International Instituzoter 500 600 700 800

Applied Systems Analysis

www.iiasa.ac.at

CO2 conc. [ppm]

300-400 ppm (Cat I)

400-440 ppm (Cat Il)

440-485 ppm (Cat Ill)
—— 485-570 ppm (Cat IV)
— 570-660 ppm (Cat V)
—— 660-1000 ppm (Refs)

Deployment in
2006 (<1%)

Pacific Northwest



Technology Chapters
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Bottlenecks (lll): modelling
frameworks:

Integrate biophysical and macro-economic models (partly
tackled: OECD, FAO, UU/LEI, IMAGE/GTAP).

Feedbacks prices (and policies) on learning and
intensification.

New advanced scenario’s: policy driven, sustainability
incorporated.Key additons:

* Biomaterials
+ Non-agricultural lands (forest, marglnal degraded, etc.

Backed Dy=e X 3 : g erification

IDCC &

INTERGOVERNMENTAL PANEL on GlimaTe change wm LNE.I'

Source: Jose Moreira & Andre Faiij (Bioenergy)



Technology Trends and Impacts on
Supply Curves: lllustrative mple
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Modelling Feedback

Important to separate data for each resource in Ocean
« Technology Challenges different
* Regional variations in resource

Variable Renewables — Solar, Wind, Ocean require long
term averages for resource input (Inter-annual/intra-

annual variations).
| B IPCC

Source: Segen Estefen (Ocean)



Models Are Improving, But...
Challenges Remain

» Global wind resource data currently in use may under-state or mis-state
resource in many regions: 3Tier data is likely the best available source

« Outdated estimates of current/future costs without adequate understanding
of underlying cost/performance drivers (be careful with learning)

. Reasonable land-use exclusions and deployment limits given siting /

penetration mcreases by region, and compared to other technolog|es

« Envisioning and modeling innovative grid architectures for high renewable
energy penetrations a major challenge for both top-down and bottom-up

« Ability to value storage as system resource, and relative to other less-
costly mitigation options, will be important, especially at high penetrations

» Need to prioritize these improvements given real limits to top-down models
* Need to address all technologies consistently with respect to these l.sau.gls \
FEFrrr Il

r
Source: Ryan Wiser (Wind) and Policy Group  Energy Analysis Department _ m'\\‘
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EMHANCING THE INTERACTION BETWEEN
BOTTOM-UP ASSESSMENTS AND TOP-DOWN APPROACHES
IN THE FIELD OF RENEWAELE ENERGY RESEARCH

Main Conclusions Drawn from the IPCC Expert Maeting
Modeling Renewable Energias:
Coherence Batwesn Model dssumptions and Latest Technalogical Knowledgs
A0-31 August 2010, CGslo, Norway

The poiential rale of renewahle energies for mitigating climate changs is iraditionally analyzed
along two different lines: The battom-up approach focuses on the properties and distinctive fsanines
af technologiss in great detail. The top-dowmn approach focuses on the extent to which the respective
technologies might be applisd in business-as-usual scenarios and o what exbent they should be used
1o achiewe leasi cast climaie protection goals considering inlegrative aspects. Whereas the foous of
botiomeup assessments ison the technologies themselves (iechnology appraisal], the main goal of
top-down maodels is toident fy the sconomic implications of differeni climate protections goals,
with a particular foous on delermining least cost climate probection sirategies.

In the past, modelling comparison exercises (ag. EMF-22, ADAM and RECIPE] contribuied
significantly to explaining the sirengths, limitalions, and caveats associated with different amlytcal
approaches fo address seleacted issues in the fields of energy economics or climate policy. In order
Io achiswve this goal, key input parameiem ar policy charactenistics wers identified and subsequenily
harmonized. Conceming rerewable energies howeever, the input daka {escurce potential, investment
cost, oo, selecied by different top-down modellers has ofien been taken from diverss soumes, With
few exceptions, there has bean no attempt to construct a database for resources and cests that could
reflect the current conssnsus in the feld of ischnology specific asseszments,

A main goal of the IPCC Special Report on Renewable Energy Sources and Climate Mitigation
{SRREN) is to provide (1) a comprehemsive, technology specific assessment of the most important
repewable energies along with (2) a discussion of ink=gration challenges in order to (3) identf their
overall mritigation potential and azsociated costs in the comext of differsnt climate protection goals,
In & subsequent step, (4) suitable policies will be identified that facilitate the application of
ren=wable snergiss. [n onder to achieve this goal, the [PCC brings ogsther leading experts from the
botiom-up and top-down communities. This provides a unigas opportunity o enhance mutual
understanding and to improve the intaraction betorsen both comrmunities,

An Ideal (Long-term) Approach to Enhance the Interaction

In order 1o achizve the aforementioned goal, in an information exchangs with the differ=nt top-
down modelers often participating in modelling companison exercizes, the baltom-up comomurnity
wonld ideally provide a list of best-guess input dala (including uncertainty ranges). Modellers could
reqqaest specific datn that, for instance, might ask for regional rescurce curves broken dewn ina

SRR EM_EM1_Expsrt_Mealing_Scenarios_Cutcoms_Paper_v3.doc -! T

Conclusions from
Oslo Meeting

® SRREN

® Scenario data to
technology chapters

" Feedback on attainability
of deployments and
enabling factors

® AR5

" Interaction between
technology and IA
modeling communtiy
(,closing the loop®)
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A PATH FORWARD
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A technology-focused EMF-style

study?

IPCC asks for second-best scenarios that might be closer to reality than the
usual first-best scenarios

There are some recent examples into this direction (e.g. EMF22, ADAM,
RECIPE), but this is not sufficient

Interaction between IA Modeling community and technology community
needed to get a better representation of main technology characteristics (e.g.
fluctuating renewables) as well as expectations over the short- to medium
term (e.g. industry upscaling, technology components)

An improved understanding of each others needs is required to make this
work, e.g.

® TE — IAM: Resource supply curves — ideally gridded

® |AM — TE: deployment levels to estimate future costs

Iterative process

Special Issue with technology papers as well as scenarios (IEA ETP has
been quite successful with this concept as it goes beyond just modeling)

International Institute for
Applied Systems Analysis
www.iiasa.ac.at



Thank You!
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