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ATOM & DREEM ‘ @COMPACT

Allow users to perform participatory simulations aiming to provide answers

to many “what if” scenarios.

Models that can be coupled (i.e., soft- and/ or hard-linked) to provide

answers to complex scientific/research questions.

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.




Agent-based Technology adOption Model (ATOM) ‘ @COMPACT
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Electricity & Building sectors

Correlating technology adoption
with its value to consumers

Expected effectiveness of
technology adoption under policy
schemes of interest

Mo\:\o(‘ih’

% of New Sales -

Lagaomés

© No2ndPrize Ltd 2016

Quantifying uncertainties related to consumers’ decision-making process

(.e., behavioral uncertainty)
European Unon' Horison Europe Research and. Innovation . Agent-besed Technology Adoption Model

Programme under grant agreement No 101056306.




Key Model Specifications ‘ @COMPACT

Agent-based Technology Adcption Moded

Calibration

3 modules

Sensitivity analysis

Scenario analysis

The IAM COMPACT project has received funding from the

European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.
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Historical data on PV capacity addition

Number of grid connection requests
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Feed-in-Tariffs scheme in Greece
(2009-2013)

Calibration ‘@COMPACT

Gaussian
Process
emulation

Initial value ranges

Set of agent-related parameters*
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Sensitivity Analysis ‘ @ comeact

Agent's environment
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Hybrid variance-based sensitivity analysis

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.



Scenario Analysis ‘ @COMPACT
Set of agent-related parameters
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—— — AR NS - different realistic
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adoption scenarios

Market Parameters
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Poli(e.g., Net-Metering,
Self-Consumption, etc.)
cy schemes

= . )
Risk-averse investors

Month of simulation

PV capacity addition (MW)

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
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Indicative Applications (1/2) ‘ @COMPACT

ATOM Diffusion scenarios of energy communities (e.g.,
2020-2030)

4 ENCLUDE

The three main ways that grassroots innovations, as ecovillages,
tend to influence larger society are through (1) replication, (2) A
growth in scale, and (3) translation.

+ Replication as the growth of the number of energy communities
« Growth in scale as either the growth of specific energy communities (case

studies) or the growth of their influence through partnerships & programs

- Translation as the adoption of energy community policies & practices by

mainstream society and institutions

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.




Indicative Applications (2/2) ‘ @COMPACT

Adoption of small-scale PV by citizens towards 2030 in Greece

based on 3 storylines of potential socio-political developments
Net-metering £
2
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gi GO\tle;nTenT_- £
irected storyline — 3
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Agent-based Technology Adoption Model

People-powered Market-driven Feed-in-tariff
storyline storyline —
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Apphed Energy

+ December 2018, 300793

An agent-based model to simulate technology
adoption quantifying behavioural uncertainty of

CO1sSuIners

Vern o Sueedhan, Sotvn Papedes

A transdisciplinary modeling framework for the
participatory design of dynamic adaptive policy
pathways
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Find more info @COMPACT

e ,':1
PO Energy Research & Social Science |

w 51, Ocvober 2002, W0I775

\ﬂ h) cncrg) models should integrate social and
environmental factors: Assessing user needs,
omission impacts, and real-word accuracy in the

European Union

Report on model application in the case
studies: challenges and lessons learnt:
Deliverable 7.2. Sustainable Energy Tran
Laboratory (SENTINEL) project

sitions

e

An Applicwtion of Callbeuwton und Upoertainty
Quantification Techaiques for Agent-Based Models

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.




Dynamic high-Resolution dEmand-sidE Management (DREEM) model ‘ @COMPACT

DigiBUILD
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SUSTAINABLE ENERGY TRANSITIONS

SOCIALWATT
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Building sector
ENCLUDE
Energy demand simulation
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Assess benefits & limitations of demand- hl nn ) \,

\ W)
flexibility primarily for consumers and other E | s e
power actors involved

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.




Key Model Specifications ‘ @COMPACT

Outputs at a high resolution (1 minute)

Occupant behavior & Linking to other models &
determination of end-use easily re-used
qualities

DREEM

Dynamc Mgh-Resohtion Demand-S5ie Management Mooed

Modular Bottom-up
structure structure

Linking to economic development &
technological breakthrough

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.




Model Architecture ‘ @COMPACT
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Novelty (1/2) ‘ @COMPACT

Main principles of component-

& modular-based system Modular structure
modeling approach

Main medel
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The IAM COMPACT project has received funding from the
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Incremental modeling:
sub-models in multiple levels

Control capabilities: managing
the complexity of large
systems

Realistic representations of
dynamic systems

Fast development & simulations:
computational efficiency

Novelty (2/2) ‘ @ comeact
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Wide range of applications on Europe’s energy transition towards 2050

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.




Model parameterisation (1/4) ‘ @COMPACT
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Building parameters

Construction year
Type of building
No. of floors
Total floor area, Height
Total roof area
Total walls area

Relevan
Total windows area NZEE t national

docume
—nts A LR

U-values

Q3: Custom building characteristics
& Existing typologies

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.

Model parameterisation (2/4) ‘ @COMPACT
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Occupancy

Occupancy & activity profiles

Building composition,
occupancy & activity patterns

———Weekday == Weekend

1= “at home”, 0= “not at
home”

Weekday e Weekend

1

Activity

1= Tactive”, 0= "“not
active”

Qs: Occupancy/Activity data

National Household Budget Surveys (HBS)

=11

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.

Model parameterisation (3/4) ‘ @COMPACT
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Occupancy & Activity

profiles

HVAC & Appliance

.E—l

National
Household Budget

Surveys (HBS)

ownership/use

Survey on energy
consumption in

households (SECH) data

Weekly energy consumption from appliances based on the SECH 2012-2013 survey data in Greece.

Model parameterisation (4/4) ‘ @COMPACT

Inputs

N

Parameters
forn
buildings

Weather-
climate data

Appliances

Cooking

Hobs

Electric cooker with oven

Microwave oven

Toaster

Coffee maker

Water boiler

Cooker hoods

Lighting

Incandescent lamp (x6)

LED lamp (x2)

Night light (x1)

Other appliances

Fridge freezer

Dishwasher

Washer (without tumble dryer)

Tron

Vacuum cleaner

Color-television set

DVD or VCR

Stereo

Computer (desktop, laptop, tablet, etc.)

Peripheral devices (printer, scanner,
etc)

Internet devices (printer, scanner, etc.)

Video Game Consoles

Charger: mobile phone charger

Ownership rate (%) Nominal power (W)  Time Of Use (TOU) (days/

91.82
86.80
3333
61.80
3601
3141
80.64

8054
475
95.01

8057
29.02
9430
94.98
78.06
99.03
37.05
3050
4184
13.91

3821
6,36
99.36

1600 1.56
2150 286
1150 213
1300 252
1100 232
1250 179
108 156
80 7.00°
10 7.00"
1 7.00°
150 7.00
1350 3.00
500 246
1000 182
450 219
100 7.00
40 251
24 421
300 3.06
50 056
10 7.00
160 373
1 658

‘Time Of Use (TOU)
(hours/day)

192
321
1.03
020
1.00
1.00
1.8

3
2
8

24.00
052
050
031
021
519
039
1.00
053
013

24.00
077
127

Weekly consumption (kWh/
week)

477
19.75
251
066
255
223
032

Indicative appliance data for the case

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation

of Greece

Programme under grant agreement No 101056306.
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Energy transition in the European residential sector (1/3) ‘ @COMPACT

Performing modelling analysis to assess the energy saving

potential & cost-effectiveness of nine (9) different Energy (O]
Efficiency Measures (EEMSs), —
Mrove o feny
R
- ——
in the context of eight (8) European countries. @
: et ppenl
\-\'| _—
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EEM #2 EEM #3 EEM #4 = -2
- =
E L4
! k e
” . e —
Smart Thermostat: Setback

Exterior Wall Roof Insulation to reduce the Thermal upgrade through states without compromising “
Insulation of the heat load of the buildings under Double-glazed thermal comfort of the occupants -
building envelope study Windows

EEM #5 EEM #6 EEM #7 EEM #8 EEM #9
-
B
| 1A
11 '
r

Replacement of an oil- Replacement of an oil- Replacement of an Replacement of an oil- Replacement of traditional
fired boiler with a modern fired boiler with a natural oil-fired boiler with fired boiler with a high incandescent light bulbs

oil condensing boiler gas condensing boiler a with a biomass temperature heat pump with LED ones (

boiler > .
Tzani et al. (under preparation). SENTINEL working paper. Available online here. . s .
The IAM COMPACT project has received funding from the ﬂ
European Union’s Horizon Europe Research and Innovation

Programme under grant agreement No 101056306.



https://teeslab.unipi.gr/wp-content/uploads/2022/10/Energy-transition-in-the-European-residential-sector_DREEM-model.pdf

Energy transition in the European residential sector (2/3) ‘ @COMPACT

Inputs ' Dynamic High-Resolut

Model

n number of
Parameters 4' L = buildings
forn
Climate & Weather data buildings Building envelope
>
ok . Weather-
b . climate data
s (O\p gncglygte{% Irradiance Electricity E d d : | t d |
— T s nergy demand simulation mode
« = EnergyPlus
d i
F— External Net building
2 Renewables.ninja emparsure | TN dectical ||
'S m— module L demand
i Aggregated
Smart H
- - - - » J H results for n
Different building typologies & e v buidings
construction periods — A S— ‘
BB consumers v
Occupancy Urban
profiles » e energy systems
TAgu 4 l analysis
Relevant national »
documents 2:22’,2 Control || | Thermal
strategies comfort
E N T RA Wholesale Electricity Market A J

NZELH - [

Building sector

(CRF * COStinvestment) + COStO&M

Levelized Cost of Saved Energy = Energy Svings (RWH)

r«(1+nr)N
1+nrhN-1

Tzani et al. (under preparation). SENTINEL working paper. Available online here.

Capital Recovery Factor (CRF) =

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.
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Energy transition in the European residential sector (3/3) ‘ @COMPACT

How the different construction periods (building characteristics) & geographical contexts can affect the
energy-saving potential & cost-effectiveness of different EEMs?

2 categories of buildings based on their construction

Indicative results for a single-family building in Spain (city

period
Category I: buildings that have been built before 1981 (the
g ( of Madrid) constructed during the period 1960-1979

requirements for thermal insulation of buildings was set after
1981). 12000

Category II: Building that have been built in the period 1981- °
2006.
10000

* Energy-saving potential of the EEMs is commonly higher for
buildings in Category I.

8000

* The replacement of an old heating system with a heat pump
is among the most cost-effective measures for all
countries, while also illustrates high energy-saving

&
[ .

Annual energy savings
(kWh/year)

potential. ’ - .
* Investing in more energy-efficient diesel boilers is shown 2000 08 A OL @
to be the least cost-effective measure in most cases. L o o ®
0
0.00 020 040 0.60 0.80 1.00 1.20
* Double-glazed windows rank low in terms of cost-
effectiveness in many cases. LCSE (€/kWh)

Tzani et al. (under preparation). SENTINEL working paper. Available online here.

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.
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DREEM

Dynamic Demand-Response Simulation Model

Scenario 1:
“Baseline - Natural gas as a transition fuel”

Scenario 2:

2 “Investing in heat pumps & phasing out of
natural gas #1”

Scenario 3:
“Investing in heat pumps & phasing out
of natural gas #2”

Scenario 4:
“Complete independence from
natural gas as soon as possible”

‘,

If decarbonisation is the target...!
Scenario S:
“Decarbonisation by 2050”

Scenario 6:
“Decarbonisation by 2040”

Energy Transition in the Greek Residential Sector @COMPACT

Greece

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.

No decarbonisation by 2050 with the

renovation rate foreseen by NECP
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2.5% annual renovation rate to 2,500
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3.5% annual renovation rate to

achieve decarbonisation by 2040

Stavrakas et al. (under preparation). SENTINEL working paper.
Presented @ECEMP_2022; recordings available here. Presentation
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https://teeslab.unipi.gr/wp-content/uploads/2022/06/Residential-sector-in-Greece_DREEM-modelling-study.pdf

N2 | No decarbonisation by 2050 with the
renovation rate foreseen by NECP

Consumption by fuel and energy savings (ktoe) -
“Scenario 1°

Energy Transition in the Greek Residential Sector @COMPACT
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“Natural gas as a transition fuel”
Transition Pathway T

“Investing in electrification and natural

il DREEM

gas & phasing out of natural gas”

Household level
(ETS, fuel & renovation)  (ETS=30-100€/aCO;)

Dynamic Demand-Response Simulation Model

Regional level
(ETS=30-100€aCO,)

Energy transition in Coal and Carbon Intensive Regions

Peloponneseregion

o—
Py
o

Just Transition pathways in Coal and
Carbon Intensive Regions (CCIRSs)

%o
a
‘" lll .l I|| || ||
“l

| lﬂ]

12,878 1M
11.372.8M
11,082.3M
10,893.8M

Annual number of renovations

Aunual renovation rate required to
achieve

~22%
~2.0%
~1.8%

“Natural gas as a transition fuel”

o

%0

Final energy consumption (ktoe) by 2050

00
10
20
1%
I
0%
om

Scensrio 1

Scensrio2

2008 #2050 20} w200 WIS @208

New natural gas
the region of Peloponnese.

The IAM COMPACT project has received funding from the
European Union’s Horizon Europe Research and Innovation
Programme under grant agreement No 101056306.

infrastructures at

Iu\estmg in electrification and natural

DREEM #

gas & phasing out of natural gas”

Transition Pathway 2 .

“Investing in electrification™

Dynamic Demand-Response Simulation Model ~~ 2o2oasd
' e
Total costs towards 2050 (€) Household level Local level
(ETS, fuel & renovation) (ETS=30-100€/tnCO,) (ETS=30-100€/tnCO)
57337€ 203.3M
53,194€ 188.6M
54.398€ 192.8M
50,256€ 178.1M

Accompanying Member States and
regions to achieve a just transition

| Increased financial benefits at both household & local level | %

Decarbonisation pathways in the residential sector in Greece at regional, and local scales considering
national targets & planning regarding new natural gas infrastructure/phase-out of lignite.




Energy Conversion and Management
Volume 205, 1 February 2020, 112339

ELSEVIER

A modular high-resolution demand-side
management model to quantify benefits of
demand-flexibility in the residential sector

Vassilis Stavrakas, Alexandros Flamos & &

Energy Policy

Volume 161, February 2022, 112759
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