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prerequisite for understanding radical transformations
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energy and emissions

Current trajectories are way-off from the
Paris Agreement requirements
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How low-emissions energy systems
might look like

There is more to be considered than
renewables and e-vehicles



The Suurstoffi project in Switzerland




The zero-emissions energy concept

Solar energy

Electric and
thermal solar
components

K

Anergy
thermal grid

Low temperature
thermal grid with
heat pumps for
recycling heat
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Thermal
storage

Thermal storage
for heating and
cooling in
buildings and
underground
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Learning from the Swiss project NEST at EMPA
Exploring the future of buildings

The basic
structure

A platform for
innovative
construction
technologies




Urban mining & recycling unit

A residential module fully
constructed from reusable,
recyclable, and compostable
materials.

Explores to advance the
construction industry's
transition to a recycling
economy.




Light-weight
floor elements

for self-supporting concrete
floors for skyscrapers

need no steel reinforcement

70% lighter than
conventional floors

prefabricated

integration of infrastructure
for heating and cooling

serve as a thermal storage



Energy Hub

Q Four grids
connect all
components of

the energy system E
Q Electricity

0 Heating/Cooling
Q Gas
QlT

O Interdependent
QO bi-directional
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A lesson from the ongoing H2FUTURE project
Exploring steel making with hydrogen

Q Potential need for carbon-
free electricity
QO up to half of total current

electricity consumption in
Austria
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0 We obtain similar insights from [ | ﬁ-
other energy intensive 14 i _
industries

Q It is inconceivable to replace
current volumes of fossils in
energy intensive industries
with renewables

Fa
WI Fo . F 14
"';r'mr -.UJU.



s

In a nutshell:
The building blocks for
a deepened structural energy modeling approach

Why (most) conventional modelling approaches
are not adequate for dealing with
radical transformations



Controversies about energy modeling
Questioning the model outcomes

1 David Victor, UC San Diego, 2015

O “IPCCis becoming irrelevant to climate policy”

1 A damaging statement of Working Group Ili
is undermining the reputation of IPCC (2014)

[0 “Annual economic growth might decrease by just 0.06 (!)
percentage points by 2050 if governments were to adopt
policies that cut emissions in line with the widely discussed
goal of 2°C above pre-industrial levels”.

WIFOm 7%
e -g_m



The new challenges for energy modeling

Towards demand-side solutions for mitigating
climate change. Nature Climate Change (2018)

Technology End-use context Well-being
What are the GHG What norms, values, preferences and How do demand-side
emissions, costs and structural factors shape energy demand mitigation measures
potentials associated 7 and GHG emissions? N impact on human
with a given technology well-being?
or system of provision? Economics, marketing studies, psychology,
sociology, transition studies, urban studies Economics, philosophy,
Engineering, industrial psychology
ecology, technological l
innovation studies b
Policy instruments
Which measures, under what conditions, can
reduce demand-side GHG emissions?
—_— —

How can measures best be implemented
and become part of everyday practice?

Economics, political sciences, psychology,
sociology, transition studies, urban studies



Deepened structural specifications
The basic design

Transformation
and storage
technologies

Application
technologies

To life styles and

economic activity To energy services End-use
related related energy
functionalities functionalities flows

« fossils
+ renewables

* Shelter and nutrition
* Health, education,

« thermal

« mechanical

culture e « electricity
« specific electric )
* Products and * heat
services

4+ Energy value chain =————————————
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Tier 1:
The physical layer
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Step 1
Identify energy services
The functionalities of an energy system

1 Thermal functionalities
1low temperature (buildings)
1 high temperature (industry)

[1Mechanical functionalities
]stationary (engines)
[1mobile (transport)

1 Specific electric functionalities
O lighting
Jelectronics

Cal
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Step 2
Consider the full energy value chain

F
Functionalities

thermal, mechanical
specific electric

ef
Final energy

solid, liquid, gaseous
heat, electricity

eP
Primary energy

fossils, renewables
nuclear
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Step 3

Identify physical interactions with capital stocks
Functionalities and final energy — application technologies

F
Functionalities

thermal, mechanical
specific electric

ef

Final energy

solid, liquid, gaseous
heat, electricity

F = T (€', KF)
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Step 4

Link emissions to primary energy
Emissions intensities depend on fuel mix

e distr(er) /
Primary energy Distribution of
fossil, renewable primary energy

nuclear

g

g= gfos(distr(ep,fos)).(»’ - Sp,fos - gh;res _ Sp,nuc).ep

l’%;
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Tier 2:
The economic layer
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Step 5

Identify interactions with the economic system

ﬁconomic System

cf
Consumption of
Final energy

sP
Supply of
Primary energy

F
Functionalities

thermal, mechanical

specific electric

ef

Final energy

solid, liquid, gaseous

eP

Primary energy

fossils, renewa bles
nuclear

R
o

Energy Systery

~

i

Investment in

Application capital

iT

Investment in

Transformation capital

/

The energy system interacts with the economic system vial the
consumption of energy and investments into application and

transformation technologies
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Tier 3:
Markets and institutions

&
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Step 6
Add mechanisms for coordination and incentives

1 This modeling design deliberately separates
the analysis of structures from mechanisms
that generate these structures

1 Price-determined mechanisms
] if prices are relevant

1 Non-price determined mechanisms
] standards and other regulations

WIFO N @



%

Implementing this
deepened structural modeling approach



A deepened view on energy systems

Changing the questions

2018 So far: Where from

can we get plenty and cheap energy

27 Mobility Now: What for

do we need energy
22 Low
Temperature

10 Light.,
8 Non-energet.
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The transition to low-energy structures
A low-carbon energy system for 2050 or earlier

https://ergyfutures.net

2018
A. Koeppl and S.Schleicher (2018)

What will make energy systems
Sustainable?

27 Mobility

2050 2050

10 Fossils

7_Mobilit

22 Low
temperature

17 High
temperature

10 Light, motors
7 Non-energ.

40 Renewables

10 Light, motors

97~ a0}
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The evolution of our understanding, modelling
and policies of energy systems

Substitution of
fossils by renewables

Isolated improvements

of energy efficiency

Level 3 Discovering synergies
Innovation, integration, inversion in the energy system

Level 4 Supply chains from
materials to products

WIFOm 75
e -g_m



Stefan P. Schleicher

stefan.schleicher@uni-graz.at
https://stefan.schleicher.at
@SPSchleicher
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