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sEEnergies — modelling approach linking different efficiency potentials

Improving the assessment of energy efficiency potentials - Quantification of synergies
between Energy Efficiency first principle and renewableenergy systems

sEEnergies project
Brian Vad Mathiesen, Aalborg University, Coordinator

European Sustainable Energy Week (EUSEW 2021), Energy Efficiency First: let’s walk the talk!
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What is the challenge?

According to the European Climate Foundation the Energy Union EEFP can be explained as:

®
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Efficiency First is the fundamental principle around which EU’s Energy System End-savings Conversion Energy system Spatil analyfcs
should be designed be designed. It means considering the potential value of A @ @8 V[ sios s |

investing in efficiency (including energy savings and demand response) in all ZE 58 0 a -G @ =
decisions about energy system development - be that in homes, offices, industry ° - % -

4

or mobility. Where efficiency improvements are shown to be most cost-effective
or valuable, taking full account of their co-benefits, they should be prioritized
over any investment in new power generation, grids or pipelines, and fuel

supplies. In practice, Efficiency First means giving EE a fair chance in the models — rmpack .

and impact assessments that policy-makers use to make decisions, - & ® | -

strengthening those laws that already target efficiency, and integrating it into IIII 1 a lIII
-

all other Energy Union policies. That includes funding decisions and
infrastructure planning. Applying this principle will help to correct the persistent
bias towards increasing supply over managing demand, a bias towards
increasing supply over managing demand, a bias which has impeded Europe’s
ability to create a least-cost, jobs-rich, low-carbon energy system.

‘Figure 2. Muke FE. more operational by using sEEnergies’ improved EE-modelling approach

State-of-
the-art

Key questions:

- How do we prioritise energy efficiency measures today that also have an
effect in the future?

- What are the supply chain effects of energy savings in future energy
systems?

- What does the future look like?

practices

Figure 3. Overall concept of sEEnergies’ novel EE modelling approach
sEEnergies
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Why sEEnergies - objectives

EASME — project consortium

= Clear need not only to define but also to operationalise the ENERGY EFFICIENCY PRINCIPLE both in qualitative and in
quantitative terms — sEEnergies pledges to combine and complement existing sector-dedicated models with temporal

and spatial analyses to develop a very analytical decision support tool.

= The bottom-up approach used in the sEEnergies project will have as starting point detailed analyses of EE matters in each
sector. As a consequence, besides providing a general overview of the EE potentials from an energy systems perspective,
sEEnergies will also provide advances on the state-of-the-art of the understanding of EEFP consequences for each sector.
This will enable policy makers and other target groups to easily find the results concerning the sector they are more

interested on.

Objective 1

Develop a holistic temporal

and spatial assessment of
energy efficiency potentials

by utilising energy systems
synergies and in this way

make the Energy Efficiency
First Principle more operational.

Objective 2

Assess the energy-related
impact of Energy Efficiency First
Principle at the sector and
energy system levels to quantify
energy efficiency and make it
comparable with investments on
the supply side.

Objective 3

Assess the additional impact of
energy efficiency measures in
different sectors, as well as their
impact on markets, in order to
support policies, aiming at
promoting and implementing the
Energy Efficiency First Principle.

sEEnergies @2@

Objective 4

Develop an online GIS
visualization platform to make
Energy Efficiency First Principle
more concrete in relation to
energy demand and supply.

sEEnergies

Overview of project setup and model approach sEEnergies ®g®

Novel EE Modelling

Energy
Buildings System
modelling
Transport
Industry
Spatial

Energy Grids

Analysis
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Energy efficiency potentials (WP1 - WP4)

TEP Energy, NMBU, KU Leuven, AAU and UU

Bottom-up demand models
= Buildings (WP1)

Transport (WP2)

Industry (WP3)

Grids (WP4)

Detail rich, energy demand simulation models
Focus on efficiency measures, potentials and costs

Integrating user behaviour and decisions (e.g. preferences for
heating systems, elasticities of transport modes, etc.)

-> Ouptut
= Cost curves for various efficiency measures (aggregated as
well as on individual leve
= Efficiency potentials for different sectors

= strategies for more efficient vehicles, modal shift, and transport
demand measures

Use of state-of-the-art mobility and technology knowledge
combined with GIS spatial analyses

Development of scenarios for the development in mobility and transport
EE potentials in the building envelope and electricity savings

Comprehensive analyses of the use of excess heat from industry

and low temperature district heating

Development of scenarios for industry where each sub-sector can be
analysed in depth considering EE potentials and potential structural
industrial changes

sEEnergies
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Energy efficiency potentials - Transport
WP2

Particular focus due to large challenges:
= >95% reliant on oil
= High increase historically
= Large potential for electric cars and direct
electricity but..
= Specific challenges in bringing in electricity in sea,
aviation and good transport

Mapping of all modes of transport

Connects to Advanced Energy Systems

Analyses EnergyPLAN (www.energyplan.eu) '

sEEnergies
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“Aetua (pb WV eticle Load: Traffic work (k) Future demand

Transport-Energ

Fleet sfficiencizs Efficiency improverments IModal chift

“

Fuels Efficiences Infrastracture Costs
T o

Fusl by technology Fusl by mode Vehicle costs Infrasteuctire costs

— — FuePLAN

Assess
Energy Production Effects
Total Fuel D emands
Hational GHG Emissions
Total System Costs

Assess

Future demands
Tlodal Shifis

Efficiency Improvements
Differert Technologies
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Transport energy demand, PJ
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Growth Index
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IndustryPLAN

* Opening the "black box” of industry

* Targeting the lacking middle-ground

* Energy efficiency first principle applied in
an industrial setting

* Flexible and dynamic platform

e Connects to Advanced Energy Systems
Analyses EnergyPLAN (www.energyplan.eu)

sEEnergies

Energy demands EUZ7 +UK |
{sub-sector, fuel, country specific)

Energy efficiency measures
(cost and technical potentals)

« Energy savings
« Elecirification

» Fuel conversion
» District heating

Excess heat potential EUZ7 + UK | _|
(sub-sector and country specific)

Tool input

Energy demand

Scenario specification

(user defined)
----------------------------- — €02 emissions
IndustryPLAN

why

. Data connection Scenarios ﬁ“ Investment cost

—i Excess heat utilised

EnergyPLAN input
(fuel demands, cost)

Data connection

and scenanios  1°°) CUtPut

[ (after applying EE measures) |
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Tool outputs EE )
Key indicator dashboard S nel’gleS

Industry energy demand report Germany
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Energy efficiency in the supply chain

In sEEnergies the EEFP is (WP1-WP3):

- end savings

- conversion efficiency at the end consumer
- in products and electric vehicles

and further than that (WP4-WP6):

- supply chain effects of end use savings

- efficient energy system designs

- country based results

IN-DEPTH ANALYSIS IN SUPPORT OF THE COMMISSION
COMMUNICATION COMQ01S) 773

A Clean Planct for sl
A dtive and
climate ncatra cconomy

Resources

Bioenergy Combustion
Fuels Engines.

sEEnergies @2@

Demands

i

t I Fuel Storage

Mobility

Wind etc. H

Fluctuating
Electricity ] [ Elec[rolue!s]

Power

Combined
Heat & Power

Exchange

Electric
Vehicles
T § [ Party lexble

3 Electricity

Electricity
Storage

Heat Pump Cooling

Thermal
Storage

Heating

i) 11

Fluctuating
Heat

One common point of reference:

Analysing the EEFP in the entire supply chain in a future situation

)

requires a consistent approach to future developments. In sEEnergies
selected scenarios from “A Clean Planet for all” are used as a common
reference across countries in Europe and across sectors in the energy

N sector.

SEEnergie 15
Table 10: Average annual investment by scenario (billion EUR 2013 over the 2031-2050
period; baseline for 2021-2030 is also shown).
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Energy system modelling (WP6)

AAU, all modelling groups

Modelling Energy Systems Synergies and
Quantification of EEFP Impact (WP6)

= Model and assess all relevant aspects linked to the
EEFP impacts

= Enable the creation and assessment of different
scenarios, representing energy systems synergies with
different levels of EE

= Develop an investment strategy roadmap based on the
evaluation of the most critical EE improvements

= Build up sound scientific based knowledge to support
policy making

= |nvestigate if the proposed EE measures fit the existing
and planned policies, and where needed, suggest new
policies instead

WWW.SMARTENERGYSYSTEMS.EU

WWW.ENERGYPLAN.EU

sEEnergies

oureur

sEEnergies @2@

Smart energy system storages

Smart energy system grids.

Smart elpctricty grid—

_l 0 Ll

algid TR B BEEEE 0 thermat

L

Gas storages.

ﬁ sorage g
smart ﬁ -
gas grid storage

Gas storage  Liquid fuel storage

17

Unit Investment Costs for Energy Storage

1. Thermal Cheaper at All Scales

Electricity

Tzl

TESLA
POWERWALL

p Thermal

18
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Unit Investment Costs for Energy Storage

1. Thermal Cheaper at All Scales

Pp Thermal

Electricity

orsn

2. Bigger

TEsL

A

POWERWALL

Better i.e.
Cheaper

is
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Spatial analysis (WP5)

Halmstad and Flensburg Universities

Spatial model (WP5)

= Spatial distribution of supply and
demand, incl. efficiency potentials

= Uptake of energy demand dataand ~ *" e
efficiency potentials v G 55 Hoat Activites (HREE)  +ee

= Spatial disaggregation from country [ excess Heatof Mero Stations (Resettean -«
level to hectares , (] Excess Heat of Wastewater Treatment

= Maps of current energy systems and V0] HestSynrey Rocions (HRESE s
of future energy systems

rrrrr ity

»[] Biomass Resources (BioBoost)

»[] Solar thermal district heating, 1000m buffer  «««

»[] Geothermal Heat (GeoDH)
»[ ] Allocated Excess Heat (HRE4)

»[[] Recommended DH Levels (HRE4)

] Heat Demandin Prospective Supply Disticts

(HRE4)

» (7] Current DH Systems (HREA)
»[] District Heat Distribution Costs (HRE4)

» [ Heat Demand Densities 2015 (HRE4)

sEEnergies

Pan-European Thermal Atlas 4.3

heatroadmap.eu uniflensburg.de hh.se

20
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Key Recommendations for the Heat Sector from Heat Roadmap Europe

Everywhere Urban Areas Rural Areas

Primarily Electric Heat

Heat Savings District Heating Networks
Pumps

Smaller Shares of Solar

Balance Savings vs. Supply High Heat Density Areas Thermal & Biomass Boilers

Supply ~50% of the Heat Remaining ~50% of the
Demand Heat Demand

30-50% Total Reduction

21
Heat pump & district heating shares of the heat market
o L] .o
with Europe as the case — a new robust interconnection
® Building level small individual heat pumps
® Increase in share from 1% to about half of the heat market mainly in rural areas - 70% © Austria
® District heating supply 2 60% : N Be‘lg'ufﬂ
® Increase from 12% to cover half of the heat market mainly in urban areas % 50% E?Ogaiga
oo " ® Cyprus
® Individuel fuel boilers and electric heating for heating should be limited as far as possible & ?M g . ne @ Czech Republic
;?ﬁso% . Denm.ark
i . m Estonia
® All natural gas boilers are phased out g 20% ™ = Finland
. _ _ R = Germany
Hydrogen is not for heating S g A  Greece
0% 20% 40% 60% = Hungary
¢ Stragegic focus on: District Heating Share (%)
* New distriict heating grids
® Heavy expansion of grids — also to detached house (ownership and rate of returm is important)
® Do less decarbonisation of district heating with bioenergy
* Do more decarbonisation with large scale heat pumps, geothermal, wa L TWCOmENSIONAL APPROAGH
el Nk This project has received funding from the European T e r"“ [[ i
* Union's  Horizon 2020 research and innovation www.heatroadmap.eu
i programme under grant agreement No. 695989. = @HeatRoadmapEU
22
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Recomended district heating levels in Europe
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This project has received funding from the European
Union's Horizon 2020 research and innovation wvvw.heatroadmap.eu
programme under grant agreement No. 695989. @HeatRoadmapEU
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Roadmap: Heat sector investments towards 2050

: ‘i District heating investments to implement the HRE scenario in 2050

Towards a decarbonised
heating and cooling sector in Europe

Unlocking the potential of energy efficiency and district energy

B. EUR

2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

m DH distribution baseline investments m DH production baseline investments :.J -

DH production new investments m DH distribution new investments

24
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Heat synergies map in PETA4, Heat Roadmap Europe

Example: Netherlands

Heat demands: 296 PJ/y

Excess heat: 560 PJ/y

District heating share: 6%
Renewable energy in heating: 3%

- Not a Technical barrier to improve energy
efficiency

Peta

The Pan-European Thermal Atlas

NUTS3 Regions | Heat demand [PJ/a] | Excess heat [P}/a] | Excess heat ratio [-]
NL111 383 0.20 0.05
NLI12 122 1132 9.28
NL113 9.90 17.30 175
NLI2L 125
NLI31 92
NLI32 55
NL213 a8
NL224 08
NL225 09
NL226 a0
NL230 99
NL310 12
NL322 16
NL323 27
NL325 05
NL326 05
NL332 05
NL337 09
NL339 06
ND33A 39
NL341 -l a1
NL342 e eSS ] 78
NLA1L 15.57 7327 471
NL422 5.96 8.10 136
NLA23 15.28 39.67 2.60
Grand Total 295.84 559.23 1.89
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Concrete ideas from Heat Roadmap Europe and other

General:

. Plannin% procedure needed from local level to regional,
national and EU level.

Change the wording on use for DHC i.e. truely consider
district heating grids a public asset that should be governed
as a natural monopoly

If use of waste heat and renewable energy for heat is the
goal: Protect the citizens (not consumers% and avoid profit
taking in ownership models

EU level:

= Make a task force to investigate building the two levels of
trust on a member state level in the multilevel governance
structure.

Continue to push better comprehensive assessments
(democratize knowledge — pinch grip)

Tighten EE measures in e.g. EPND — but focus on the building
envelope and do not mix RE and EE

Make a support framework for district heating with
mandatory demand to have local ownership and governance
models and to use of state-of-the-art technology for EE and
DH under which conditions a small EU investment support
mech)anism is possible. (Could be released over the first 10
years

* National leve

.

Towards a decarbonised
heating and cooling sector in Europe:

New prospective supply districts towards 2050

ihe:
vestments beow 4 EUR/G1 50 = 2030, m =4,

Demand assessments should be based on socio-economic cost and
a subsidy (national or EU) should be based on local-valuation (a kind
of CBA system)

Funding — we have plenty. Don’t put out obstacles.

Access to low interest rate public loans if ownership is local and no
profitis taken out of the system.

Ensure cost-real prices for consumers (Not a non-profit model but
more than that)

Demand full disclosure of financial elements in tariff structure
(democratic infrastructure)

Cost-real means a system where you have to invest in the cheapest
option.

Make heat producers compete to supply into the grids only where it
makes sense (in large systems) — otherwise promote full local
ownership.

Tighten building regulation

Create mandatory planning procedure and private economic
conditions that favour long-term investments (in EE and DH)

* Local and Regional level:

Use the overall framework (above)

Allocate resources for local heat planning and coordinate local
stakeholders.

26
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