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Energy and climate Platform
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KTH’s research, education and interaction with industry
and society in the field of energy shall contribute with
solutions towards sustainable energy systems to meet
climate and socio-economic challenges in the world.



* resource management
» structural changes in exchange flows

Energy and Climate Studies

Searching for synergies between natural and human systems
* infrastructure systems

technological
challenge

restructuring
of markets

optimize applications in
competitive markets;

project structure and finance;
risk management; institutions

conversion processes and
performance; applications;
resource management;
improved efficiency

sustainable
development

biodiversity; socio-economic development in rural
areas; economic robustness of local and global
systems; climate change mitigation and adaptation



How to develop and build
sustainable energy systems globally?
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We search systems solutions that:

= satisfy criteria of efficiency, reliability and sustainability
= are in line with markets and technology options
» respond to climate change and development agendas

= explore international co-operation, fully incorporating developing countries



Distributed generation and the role of solar and wind power

= trends in Europe
= the changing landscape of the energy sector
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reemeicer @ opportunities and challenges in distributed generation




Strategic issues influencing the global energy agenda

= security of energy supply
= climate change

= market competition
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= investment needs in energy-supply infrastructure
= accessibility of modern energy in developing countries



Global investment in sustainable energy, 2004-2007, US$
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2004 2005 2006 2007 forecast

Worldwide imvastment in sustainable energy mora than doubled over a two-year period, from 2004 to 2006, and continueas to
attract strong capital imvestrnent at all stages of the financing lifecycle, with USESS Lillion forscast for 2007,

Note: This figure repressnts new imvestment only and excludes venture capital and privats equily buy-outs and acquistions.
Source: sdaptad from Grasmwood and othars 2007, Naw Engrgy Fnanca 2006

Source: Feature focus, UNEP.

OBS: EU 15 declared subsidies amounted to EUR 29,2 billion in 2001



Global investment in sustainable energy
technology 2006, by energy source
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Global investment in sustainable energy
technology by region, 2004-2006
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rwvsstment only, and do ot include FE buy-cute, acquizitiore of projects, nar
rvastor exitz rmade through Fublic Merket /OTC offsrings.

Source: SEF, Mawr Enengy Financs



Total supply of primary energy
EU-27 1990-2030
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Ambitious goals in the EU
define new market conditions
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At least 20% less ghg emissions 20 20 - 2020

30% if a global agreement is reached

20%
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20% more energy efficiency 20% renewable energy

20% 20%




Renewables for EU 27, 2000 and 2005, and
target for 2020 (commission’s suggestion)
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Primary energy from RES, EU-27, 2005
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Biofuals 3.8%

Wood 52.2%

Municipal
sofid waste 8.2 %

Biogas 3.6%

EU-27 renewable final energy consumption 2000-2005 (Mtoe®)
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Different support systems are applied in Europe today
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Europa 2007
I Feed-in tariff
BN Green certificates

B Other support systems

Source: EU, Statkraft and ECON



Share of renewables in Sweden
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Number of new plants in the electricity certificate system
and expected annual production
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Expected annual production
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Year of commissioning
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B Expected annual production [GWh]
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Source: Svenska Kraftndl's Cesar accounting sysfem; Swedish Energy Agency.



Wind power production 1982-2007
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Increase of 45% in 2006: from 0.98 to 1.43 TWh



Development of energy prices Sweden 1980-2007
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Real price of electricity (2007 price level)
1980-2007
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Large investments are needed

strong leadership of a few countries
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Geographic distribution of new generation
with renewables (TWh)

Source: OPTRES, EU Commission, Statkraft, ECON




...In various technologies

600 TWh in new generation until 2020

The technical potential

in the EU is large but - Wind Binmass
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Thus how is progress in EU renewables?

* Progress in national targets differ strongly

» Not all countries have national measures to complement EU

» Biomass is lagging behind
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= Success of wind not outweighing slow growth of biomass elec

» Solar following same pattern of wind (12 years behind)



Cutting energy related CO, emissions

nuclear (6,2%)
combren & ~other (0,6%)
waste (10,1%

hydro (2,2%) oil (34,4%)

gas (20,5%)

70 A CCS industry
and transformation 9
60 - Baseline Emissions 62 Gt coal (26%)
CLS power generatio
50 MNuclear 6%
aywahles 21% World 2006, IEA
40 4 Power generation efficiency

& fuel switching 7%
End-use fusl switching 11%

End use electricity
efficiency 12%

30 A

20 4
End use fuel

CO, emissions (Gt CO,lyr)

BLUE Map Emissions 14 G efficiency 24%
W > >
WED2007 450 ppm case ETP2008 BLUE Map scenario
ﬂ ¥ T T L] L] 1 L) ¥ lI

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: IEA 2008, in support to G8 plan of action




Key pillars in sustainable energy systems

= energy conservation
= sustainable production of energy services

= efficient distribution and use of energy services
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Decentralized systems support the use of renewables

and help achieve better total efficiency of energy systems



Changing landscape in the energy sector

= from centralized to decentralized generation/fuel production

= from segmentation of markets to synergy in generation and uses
.| = from transmission and distribution grids to smart grids

= from utilities to multiple actors in competitive markets

ROYAL INSTITUTE

erreemmerecrm technological convergence promoted through research

= new cost structures and institutional requirements taking shape



Changing landscape in the energy sector

= from centralized to decentralized generation/fuel production
= from segmentation of markets to synergy in generation and uses
.| = from transmission and distribution grids to smart grids

= from utilities to multiple actors in competitive markets
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erreemmerecrm technological convergence promoted through research

= new cost structures and institutional requirements taking shape

Active planning these changes is important to capture

the potential of renewable technologies



Renewed interest for distributed generation due to

= technological development

= constraints in development of transmission lines

= consumer demand for reliability
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= market liberalization
= climate change concerns



Decentralized systems in urban areas

= multiple systems - networks for electricity, heat, cooling and gas
= compatible systems for multiple uses
= interactive networks

s ™ small-scale electricity generation connected with distribution
= gas networks - natural gas and biogas integration



Energy planning framework in the urban environment
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Supply side
management

Generation
Transmission
Distribution

from fossil to

renewable
sources

Urban
infrastructure

Transport
Telecom
Water/sewage
Buildings

POLICIES AND INSTITUTIONS

Services and
applications

Mobility
Cooking
Lighting
Production
Heating
Cooling

Users

Individuals
Households
Instittutions

Interplay with natural environment
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Smart grid key concepts and elements

Executive
Dashboards

System Operations Planning & Engineering

SCADA DSM System Maintenance Asset
Planning Mgmt Mgmt

Distribution Management

Power Resource Management

ENTERPRISE
Planning Scheduling Trading INFORMATION oMS MWM

Forecasting & Contacts INTEGRATION

Customer Services
Resurce Settlements

Dispatch Call Center Billing

Communications Infrastructure

Plant Substation Feeder Advance Metering Home Network
Controls Automation Automation Infractructure & Devices

e b oG




European Electricity Networks of the Future
key challenges for smart-grids in Europe

= Strengthening the grid and enhancing its intelligence

=Moving offshore and integrating intermittent generation
=Developing decentralized architectures

=Communications infrastructure and technologies

=Active demand side and broad participation in the grid
=Capturing the benefits of decentralized generation and storage
=Preparing for electric vehicles

= Creating new regulatory and institutional frameworks

= Defining new products and pricing models

32



How shall policy and research redirect
the development of renewables?

= orchestrate establishment of new networks
= frame technology dissemination in the context of total solutions
= reduce transaction costs for decentralized systems

= institutional and regulation issues need to be improved
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= devise new business models (i.e. from supply to service focus)
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Obrigada pela atencao!



