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Why is the built environment important to climate change? We all live and work in

buildings, and they provide us with shelter and warmth, belonging and protection.

However the built environment is responsible for a huge 39% of all global carbon

emissions, far higher than any other individual sector. This 39% can be divided into

two distinct impacts: operational carbon, which is from heating, lighting and cooling

our existing buildings, which is responsible for 28% of our emissions; and embodied

carbon, which is from the materials our new buildings ar
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Catastrophe. The Next Decade Is
Crucial, U.N. Panel Says.

A new report says it is still possible to hold global warming to
relatively safe levels, but doing so will require global cooperation,
billions of dollars and big changes.
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Though we often think about human-induced climate

change as something that will happen in the future, itis an
ongoing process. Ecosystems and communities in the
United States and around the world are being impacted
today.
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Problem statement

There has been a recent surge of interest in integrating sustainable technology into the built environment.
Existing studies have primarily focused on the financial value of individual technologies in retrofitting of
existing buildings. However, there is a significant gap in knowledge regarding the strategies that can be

employed individually or collectively to enhance the financial value of sustainable technologies in the
retrofitting of existing buildings.




Research aim

This study aims to examine the optimal financial value for implementing Sustainable Energy Technologies
(SETs) at the neighborhood level and will analyze whether implementing SETs on a building-by-building basis
or at the neighborhood level, or a combination of both, is preferable.



Research guestion

"How can investment in individual and/ or collective Sustainable Energy Technologies (SETS) generate financial
value for the investors in retrofit of housing at a neighbourhood level?”

Sub questions:

What sustainable energy technologies (SETS) can be used in the housing sector for individual and collective
purposes?

What factors determine whether individual or collective Sustainable Energy Technologies (SETS) should be
implemented in housing?

What method can be used to determine the financial value of individual and collective Sustainable Energy
Technologies (SETS)?

What are the specific advantages and disadvantages of individual compared to collective Sustainable Energy
Technologies (SETS) in financial terms?

Based on the evaluation, what are the recommendations for achieving optimal financial value?



Theoretical
underpinnings



Financial value

The measurable benefits and returns generated by a monetary investment. It includes benefits such as reduced
costs, increased property value and potential income from energy savings or generation.



Economic viability of energy efficiency

Significant increase in importance over recent decades
(Copiello & Donati, 2021)

Price premiums for energy efficiency -> There is a
additional amount buyers are willing to pay for energy-
efficient properties

Padua, Italy: EPC labels A and B command 61.7% and
61.1% higher prices than label G (Copiello & Donaiti,
2021)

The magnitude of the price premium is contingent upon a
number of variables, including:

Location: Higher premiums in urban areas

EPC Labels: Higher ratings lead to higher premiums
House Characteristics: Size, location, maintenance
state

Market Conditions: Mortgage rates, credit availability
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Economic viability of energy efficiency

The economic viability of energy efficiency investments
IS contingent upon the relationship between the cost and

price premiums (Copiello & Donati, 2021).

Marginal Cost (MK): Increases with energy performance
Improvements

Marginal Benefits (MB): Decrease with higher energy
labels

MB = MK; investments beyond this point are not
economically justifiable
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Fig. 8. Marginal costs, average costs, and marginal benefits.



Sustainable energy technologies (SETs)

SETS encompass a diverse range of innovative solutions and systems designed to generate, store, and utilize
energy in environmentally friendly and renewable ways. These technologies aim to reduce dependence on
traditional fossil fuels, mitigate climate change, and promote energy efficiency.



SETs landscape

Out of the literature the SETS can be categorised into

three categories:

1. Supply-side,
2. Demand-side

3. Changing consumption

Heating and cooling demand reduction — Demand
side management

Human factors — Energy consumption patterns

Building fabric insulation (i.e.
roof, wall, etc.)

Windows retrofits (i.e. multiple
glazing, low-E coatings, shading
systems, etc.)

Cool roof and cool coatings

Air tightness. etc. Building Retrofit

Technologies
Control upgrade

Natural ventilation

Lighting upgrade

Thermal storage

Energy efficient equipment and appliances
Heatrecovery. etc.

Comfort requirements
Occupancy regimes
Management and maintenance
Occupant activities

Access to controls, ete.

Solar thermal systems

Solar PV/PVT systems
Wind power systems
Biomass systems
Geothermal power systems
Electric systemretrofits. etc.

Energy efficient equipmentand low energy

technologies — Demand side management

Renewable energy technologies and electrical
system retrofits — Supply side management

Main categories of building retrofit technologies. (Ma et al., 2012)



Intervention Level

Building-level Interventions

Neighbourhood Interventions

Urban areas Interventions

SETs Intervention levels

__________

Examples

Insulation materials, energy-

efficient lighting, HVAC Micro Building o
¥ v

___________

District heating, shared
renewable energy systems

Macro City

J

. . Figure 1. Identification of the neighborhood scale. Source: IREC (2021), adapted from [20].
Sustainable transportation,

energy efficiency initiatives



Individual and collective technologies

Individual
Collective

Heat
network

Individual heat Shared ground
pump system . heat exchange
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Source: https://www.sciencedirect.com/science/article/pii/S2214629624002354
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Case (situation)
Factors influence

\ Type of Advantage and /

technologies disadvantages

Evaluation
method
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Scale area

Possible SETS
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individual SETS

collective SETS

Assessing
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Case selection: UT Enschede

Situatie 10 student complex at the UT Enschede.
_ 5‘5( Diverse Sustainable Technologies: V4
Individual and Collective Purposes: ~
Regional Dynamics (Netherlands) v

Duration Variation v




hypotheses

Hypothesis 1: posits that the integration of sustainable Hypothesis 2: Financial value differences between individual
technologies will have a financial impact. building level innervations SETs and collective SETs at the
neighbourhood level.
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Data analysis

[ TCO energy system heating individual versus collective

Project
Date

Version

Calslaan

Campustaan hoog

Collectief

Definition

Number of properties

Individual closed-loop geothermal heat pump
(GHP)

Individual closed-loop geothermal heat

P (GHP)

Collective closed-loop geoth
(GHP)

ermal heat pump

240 205, 445
Buildi 7 3 10
on of energy consumption based on estimated energy demand and efficiencies
‘GUP individual (Calslaan) GHP i laan) GHP collective
Haat idd  On the meter vied On themeter | M vied On the metr
requirement requirement
n kwh scor mkwh  scor) n kwh scor)
Overview of heat reqirements + tap water (iculation ipe 22 mm. maintaind) 1z W (Wh/m'] Tapwater . Wb (Wi Tapwater | 4g W (Whim’| Topwater
Heat consumption Calslaan 3A 1747 31.408 kWh) 1747 0 31408 kR
[Heat consumption Calstaan 38 1747 31.408 Kwn) 1747 8 kW
[Heat consumption Calstaan 3C 1747 31.408 kW) 1747
Heat consumption Calslaan 3401 369 11799 kiwh| %9
Hea consumption Camplustaan 49 2202 6 35547 ow| 2262
Hea consumption Camplustaan 51 25% 35547 ow| 253
eting (ource: eference EPAW clcultion) 344,94 40 se2skwh 3635 40 seoBskwh| 601336
@206 25 wamkwn 7100 25 2843 kwn| 3
Totl Etecticity heting, ho wter and cooling 103518 kwh 12526 kWh 265,298 kWh
Totl Heat W installations offtake disrictheting
Estimetion of household consumption 00,964 ki) 86,417 ki 167.398 ki
ol electcity after ging PV 200482 198,941 kiwh 152,696 kwh
Energy costs on average for installation (resident costs)
Number o homes in project 20 Ty
T035I8KWh  0E/KWh  €3033678] LZS26KMh  0JBE/KWH  €4275013 Z65298KWh  OJBE/kWh € 10081334
consumption 100964kWh  0BE/KWh  €3B664L[ SeAITKWN  0IBE/KWH  €3283862| 18T3BKWh  03BE/kWh 7121120
Total energy costs for houschold for Electricty exc. fied costs) €7.703,19) €75.597.75] €172.0245
Total ncrgy cots for houschold Heat network + Electiity €7n703,10) €75.507.75] €172.024,58
Totalcostper household 237 € € 38657
Maintenance and replacement
GHP individual (Calslaan) GHP individual GHP collective
Koste, per s per onderdee incl, BTW. number Costsnome number Costsihome rumber Costshome
\WTW met éin zone CO, 20 eaasigs 25 caroerTg w5 ca0sms
Gesiten bro bij watepomp 0p bosemsysieen + 518 ER 1T B0 6043 5 S35 €15 75000
enlugt Al €13.22205) 620 € 1347974 9170 € 26,7004
onderhoud en vervanging ven in SV mimie 1 € 203.28] 1 €203.2) €202
[Ondethoud en vervanging ven centrale armizpom 7518 € 105485 2480 €8s61nl S5 E2032600
1 € 500,001 500,00 1 €50000
inlezen 7% €8L7e] B €aaa.) 70 Elame
Py penelen per sk 3 €0 3 €0 13 €000
oz voor ondeioud en vervanging el 1530730
Totaal energie + onderhoud en vervanging voor W installtic incl. BIW (TCO) €isi6s331 el 31737197

Estimation of investment costs

GHP individual (Calsha

‘GHP individual (Campusiaan)

GHP colectiv

[cost per pan exct. VAT,

number Costsihome b Costsihome number Costslhome
Collective Ground Sourc Heat partp (dosed source) [ €6.00] ] €05 W5 € 3917 83350
[BAK Warmtenet Ennatuurijk cllective comniction o 75 46+51
Deterine besed on £480,000 for WEQ = €1034.48 per WEC 0 €9.00] 0 £0.00) 9 €000
inciretly fre boiler (1 per house number) inl. centl esling conneeions ] [ €000
ndividual Ground Source Heat pump (closed soure) 20 €5760.726,0] 206" € 1453 536,86 o €000
HR-107 combietel o 0.90] 0 €0,00] ) €000
V:panclen monokistallijn (Z25Wpiny, 435Wplpamel] [ €000} [} €0,00] q €000
Total estimate cost excl, VAT €5.260.726] € 4.093.597]
Toal estimate costinel. VAT spread over 15 years € 424.365] 362479 €316.038
Total overview

GHP individual (Calslaan) ‘GHP individual (Campusk GHP collective
Energy charges incl. (ndl. VAT) €710 €75.600 €172.030
Tota before maintenance and replacemen incl. VAT) €76.960 6160 € 145,350
Tota befoe investment costs for heat generation (1/15th par) (incl. VAT) € 42430) € 362.480) €316.040
Total investment cot incl. BTW) €5.260.730] € 44950 €3917.840
Tota simplified TCO costs per year €smo.00] €

2]

Project/ technology
info

Energy consumption
Source: VIAC- Vabi

Energy cost
Source: Based on existing contract

Operational expenses
Source: VIAC based on references

Initial investment
6ostse: RVO and Arcadis

Overview costs

Make use of the Total cost of ownership (TCO)
model

Adapted from VIAC a installation advice company



Data analysis: formula

initial investmen cost
15

Total cost of ownership (TCO) = + Operational cost + energy cost



Total cost of ownership
(TCO)

Data analysis — formula + data

Interal document: Document:
Provisional energy tariffs 2024 *
Calculation software: vabi

Database: Koste Interal document: VIAC
kerngetallen | RvO instalation advisors *
Consumere price index (CPI )

ARCADIS
A u
VIAC x  CPI viac| x Vabl‘
_gég ;Lejg:ﬁae:;lvmrOndernemend
Initial investment i
+ Operational + Energy cost
costs
expenses

/15 years



Research findings



The case — Campus UT Enschede

Calslaan Oud Campus Avenue High

Name Gaslaan Oud Name Campuslaan hoog

Number 7 buildings (total 240 rooms) Number 3 buildings (total 205 rooms)
Addresses Calslaan 1t/m 13 (3 groups per building +1 penthouse) Addresses Campus Avenue 21-21, 45-51, 59-65
Surface 23 square metres Surface 22 square metres

Heat demand 45-90 kWh/m2 Heat demand 45 kWh/m2

Total 248400 - 496800 kWh Total 202950 kWh



SETs sources out of the theory

SETs

\
| | | | | |

Solar energy Wind energy Geothermal Biomass Water Other

Sustainable Energy Technologies (SETSs) sources. Adapted from: Beccali et al, 1998;
Krukanont & Tezuka, 2007; Dicorato et al, 2008; Tsoutsos et al, 2009



SETs longlist

SQ 1: What sustainable energy technologies (SETS) can be used in the housing sector for individual and
collective purposes?

Energy source

Technology.

Techniques

Energy carrier

Solar energy

Wind energy

Geothermal

Biomass

Water

Other

Photovoltaics (PV)

Solar water heating systems

Wind turbines (small-scale) /

Horizontal-axis wind turbines (HAWTS)

Vertical-axis wind turbines (VAWTS)

Open-loop WKO systems

Closed-loop WKO systems

Biomass boilers

Micro-hydro power systems

Air-to-Air heat pump

Air-to-Water heat pump

« Monoctystalline solar panels: Use single-crystal silicon for high efficiency.

* Polycrystalline solar panels: Made from multiple silicon crystals, are less efficient but cheaper.
« Thin-film solar panels: Use layers of semiconductor materials applied to a substrate, offering a

flexible sol ution with varying efficiencies.

+ Buil ding-integrated photovoltaics (BIPV): Incomporate PV materials into building structures, like

windows or facades.

« Flat-plate collectors: Insulated, weatherproofed boxes containing a dark absorber plate under one or

more transparent or translucent covers.

* Evacuated tube collectors: Use trans parent tubes that encase absorber plates, providing insulation

and higher efficiencies.

* Thermosiphon systems: Utilize the tendency of water to circulate as it is heated, without the need

for pumps.

« Pitch control: Adjusting the angle of the blades to control the rotor speed.

* Yaw control: Rotating the turbine around a vertical axis to align with the wind direction.
* Active stall control: Adjusting the blade pitch to reduce the aerodynamic force on the blade.

« Direct use systems: Use the geothermal water directly for heating without a heat pump.
* Ground source heat pumps: Use the stable ground temperature to heat in winter and cool in summer.

» Combustion: Burning biomass to heat water and create steam for turbines or heating.
* Gasification: Converting biomass into a combustible gas mixture for more efficient energy recovery.
* Anaerobic digestion: Breaking down biomass in the absence of oxygen to produce biogas.

* Impulse turbines: Use the velocity of waterto move the turbine and are used in high head, low flow

situations.

* Reaction turbines: Use the pressure of water to generate energy and are typically used in low head,

high flow settings.

* Air-Source Heat Pumps: extract heat from the outdoor air using arefrigerant cycle and transfer it
indoors to provide space heating. They can also be reversed to provide cooling during wamer

seasons.

« Air-source heat pumps: Extract heat from the outdoor air and transfer it indoors for space heating.

» Water heating: Utilize heat from the outdoor air to heat water for domestic use.

* Defrosting mechanisms: Implement systems to prevent frost buildup on outdoor coils during cold

weather.

individual and collective SETSs. Source: Own table

Electricity

Heat

Electricity

Electricity

Heat

Heat

Electricity

Electricity

Heat

Heat

Erergy source Technology Techniques
Erergy carrier
Solar energy Concentraed Solar Power (CSP) « Parabolic troughs: Use parabolic mirrors to focus sunlight on areceiver tube. Electricity
« Solar power towers: Use a field of mirrors that track the sun and focus lighton acentral
receiver.
« Dish Stirling systems: Use parabolic dish mirrors to focus lighton a Stirling engine for power
generation.
Community solar projects’ *Netmetring: Allows community members to feed excess ener gy into the grid and receive Electricity
Photovoltaics (PV) credit.
« Virtual netmetering: Participants receive bill credits for their share of the power produced.

Wind energy Community wind farms/ Hor zontal- Electricity
axds wind Lrbines (HAWTS) « Pitch control: Adjusting the angle of the blades to control the rotor speed.
Commuriy i o Verais {20 7 F0 bt g il s e it iy
wind turbines (VAWTSs)

Geothermal Geother mal power plants * Dry steamplants: Directly use steam from geothermal reservoirs o tumn turbines. Electricity

« Flash steam plants: Lower the pressure of hot water to create steam for turbines.
« Binary cycle power plants: Use the heat from geothermal water to vaporize asecondary fluid
with alower boiling point to tum turbines.

Open-loop WKO systems Heat
« Directuse systems: Use the geothermal water directly forheating without aheat pump.

Chsed-loop WKO systems + Ground source heat pumps: Use the stable ground temperature to heat in winter and cool in Heat
summer.

Biomass Biomass power plants « Pyrolysis: Heating biomass in the absence of oxy gen to produce bio-oil for energy. Electricity

Water Conventional hydropower Electricity

« Kaplan turbines: Adjustable blades for variabk flow conditions, often used in run-of-river
installtions.

Run-of-river hydropower « Francis turbines: Used in a wide range of head and flow conditions, common in conventional  Electricity
hy dropower.

Waveenergy  Oscillating water columns: Use air displacement by wave-driven water in a column to drive Electricity
turbines.
« Point absorbers: Floaton the surface and absorb energy from all directions.

Ocean thermal energy conversion * Clsed-cycle OTEC: Uses warmsur face water to vaporizea working fluid, which drives a Electricity

(OTEC) turbine  generate electr icity.
+ Open-cycle OTEC: Vaporizes seawater itself to drive the turbine.
* Hybrid systems: Combine both closed and open cycles for increased efficiency.

Tidal power « Barrage sysems: Use dams to capture the potential energy from the riseand fall of tides. Electricity
« Tidal stream generators: Underwater turbines that capture kinetic energy from tidal currents.

Other District heating (stadverwarming) + Combined heatand power (CHP): Simultaneous production of ekectricity and useful heat, Heat

(Sustainability depends on e source
of heaf)

improving overall efficiency.
+ Heat networks: Distribute heat generated from various sources to multiple buildings.



*Some genarete heat others genarete energy
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Sub question 1

SQ 1: What sustainable energy technologies (SETS) can be used in the housing sector for individual and

collective purposes?

Deepening the

technology

\ersatility

Integration

Innovation

Energy source — technologies — Techniques

Energy carrier: Saving vs generating

SETs offer diverse avenues for energy production, catering to
different needs and contexts within the housing sector.

Combining multiple SETs in hybrid energy systems enhances
reliability, efficiency, and resilience.

Ongoing advancements in technology continue to enrich the
sustainable energy landscape, offering novel solutions for future
housing projects.



Evaluation criteria for sustainable energy planning

SQ2: What factors determine whether individual or collective Sustainable Energy Technologies (SETS) should
be implemented in housing?

Indicator Criteria
Energy Production Capacity
Technological Maturity
Rehability

Safety

[nvestment Cost

Operaton and Mamtenance Cost
service Life

Pavback Penod

Impact on Ecosystem

C()» Emussion

Social Benehits

Social Acceptabality

Technical

Economical

Environmental

Social

Legal &
regulations

List of evaluation criteria for sustainable energy planning. Adapted from: Demirtas (2013)



Technical

Limitations:

limitations and considerations

Economic
Considerations:

* Integration of
SETs into
existing buildings

 Diverse building
structures -
orentitation

» Upfront costs vs
long-term
benefits (and
ownership)

* Uncertainties in
energy prices

» SET production
and transportation

* End-of-life
management

e Land use
considerations

Social and

Cultural Factors:

» Resistance to
change

 aesthetic, noise
concerns

Regulation and

Legal Factors:

* Regulatory
frameworks

» Contractual
agreements for
collective
approach

Source: Ellabban et al., 2014; Piacentino et al., 2019; Turkenburg et al., 2000; Wang et al., 2009




Technical

Limitations:

* Integration of
SETs into
existing buildings

 Diverse building
structures -
orentitation

Vertical

Roof Pitch (degrees)

Flat

limitations and considerations

Compass Bearing

90[-75[-60[-45[-30]-15] O | 15 |30[45]60] 75|90
East South West
90 67 |60 71| 71 | 71 | 716965
80 68| 72|79 | 77|79 | 80 | 80 | 79|77 |74 |69 |65
70|69 |74 | 78 [82 |65 |86 | 87 | 87 |86 |84 80| 76 | 70
60| 74 | 79 |84 | 87 8986|8176
50| 78 [84] 88 | 89| 85(80|
40|82 | 86 88 |84
30|86 | 89 86 |
20| 87 88
10|89
0

Source: https:/Mww.bjmgerard.nl/category/energie-en-klimaat/energie/windenergie/page/3/
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SOLAR ENERGY"

PVonre oof
195 MW/km?
PV on fields
48-156 MW/km?
PV on water
49-138 MW/km?
PV on facade

15 MW/km?

WIND ENERGY2

Wind at sea
6-10 MW/km?
Wind on land
4-8 MW/km?
Wind on land (water)
6-8 MW/km?

iy
el

BIOMASSA?

0.02 PJ/km?

Mono-fermentation

cy 60

Gasification (normal)

Supercritical water gasification
efficiency 95-99%

Il
Y

GEOTHERMIE*

Deep geothermal energy

9 MW/per doublet”



limitations and considerations
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Consumers at risk of dropping out of Major intervention against power grid

solar power due to cabinet plans overload: more gas and pause
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Source: https://www.consumentenbond.nl/nieuws/2024/consumenten-dreigen-door-kabinetsplannen-
massaal-af-te-haken-van-zonne-energie

https://www.nu.nl/economie/6310462/grote-ingree p-tegen-overbelasting-stroomnet-meer-gas-en-
pauzeren-laadpalen.html



limitations and considerations

Table 1.1 = Primary risks associated with key clean electrification

Figure 1.27 = Demand for critical minerals for selected clean electricity supply technologies

and electification technologies in the APS, 2022 and 2030

Battery Demand - Electric  Heat

Wind Solar PV Nuclear

storage response vehicles pumps
. Copper (Mt) Silicon (Mt) Rare earth elements (kt} Lithium (kt) Regulatory and palicy risks
« SET prod uction 15 5 50 500 Regulatory frameworks High
and transportation b . a0 200 Policy suppore
. Permitting and certification High High
. End_Of_IIfe ] 3 30 300 Supply chain risks
man ag eme nt Critical minerals High High High
B 2 20 200 Manufacturing High
L Land use Skilled labour High High
g . 3 1 10 100
considerations |
-7 _— ———-— Costs of financing High High High
2022 2030 2022 2030 2022 2030 2022 2030 Revenue and savings
Wind m Solar PV = Other low-emissions generation = Grids B Battery storage m Electric vehicles predictability
Owwerall risks High High

MNote: Grids refers to electricity networks, including transmission and distribution.

Source: International Energy Agency | World Energy Outlook 2023



limitations and considerations

AD  NEUWS REGIO SPORT SHOW PLAY PODCAST PUZZEL Q P AD  NIEUWS REGIO SPORT SHOW PLAY PODCAST PUZZEL Q INLOGGEN

Binnenland Buitenland Politiek Economie Bizar Wetenschap Reizen Opinie Quiz Wizlg Meumkoog b NatBlanen 112 nleuws Uit-tips Regiosport Vacatures
JE BENT NIET (MEER) INGELOGD \ LOGINOF MAAK BINNEN TMINUUTEEN
ACCOUNT AAN

LOG IN OF MAAK BINNEN 1 MINUUT EEN »
ACCOUNT AAN

NET BINNEN

© 11:37 [phemim Deze arts s er speciaal voor
toeristen: opvallend genoeg zijn het nietd..

NET BINNEN

© 10:59 Bladkorven moeten overlast van
herfstbladeren voorkomen in Woerden

Social and

© 09:00 [pEMiUM Zwammerdam nog
ongeslagen in derde klasse na gelijkspeL...

Cultural Factors:

© 11:25 ‘Nazi-tweet', opruiing en ‘haatvideo':

i 2 © 07:02 Weektips: dit is er te doen in Woerden
Forum voor Democratie is vooralin de...

(7-10 oktober)

© 11:00 Jonge gamers zijn er wild van: een

9 © 06-10 [pREMiUN Zuid-Afrikaanse
‘ouderwetse’ papieren krant maken

matchwinner, tijdelijke staking en dit...

* Resistance to
change

* aesthetic, noise

J © 09:47 Pro-Palestijnse demonstranten

blokkeren ingang Universiteit Utrecht,... © 06-10 Ditis hoe de eerste teams uit

Nieuwkoop dit weekeinde speelden
© 09:41 Duitse politie grijpt in bij
vechtsportevenement met Nederlandse...

BEKIJK MEER ARTIKELEN

BEKIJK MEER ARTIKELEN

A

. . . Angst voor brandgevaar en

A

concerns Warmtepompen leiden tot

- [H]E|T] | horizonvervuiling:

m m n u omwonenden tegen zonnepark op l;;';:DGroeneHartop
Voormalige stort Instagram!

burenruzies: ‘Die goedkope uit
Aziatische landen maken meestal

ie’ HEEEN
meer herrle ‘Geen windpark op de voormalige vuilnisbelt aan de Lange Meentweg in AD WEBWINKEL
Het geluid van leidt ig tot ernstige burenruzies. Sp.eel hier gratis p!.lzzels, Woerdense Verlaat', da't' vinden ?mwonenden van het stuk land dat is . prm— —
De afgelopen jaren zijn er al tientallen rechtszaken over gevoerd. Slechte quizzen en spelletjes aangewezen als mogelijke locatie voor het opwekken van zonne-energie. = 2
N ies blijken de b Een is geen di ie dat De buurt is tegen en heeft de een petitie bod
je bij AliExpress koopt en door Beun de Haas laat installeren.” | MEEST GE1L EZEN | [ Van €38;50 voor €25,95

Heat pumps lead to neighbour quarrels: Fears of fire danger and horizon pollution:
‘Those cheap ones from Asian countries Local residents against solar farm on
usually make more noise’ former landfill

Source: https:/Mmww.ad.nl/binnenland/warmtepompen-leiden-tot-burenruzies-die-goedkope-uit-
aziatische-landen-maken-meestal-meer-herrie~a7e5f3c74/



limitations and considerations

WKO-ground energy tool. Discover the possibilities of ground energy. u e

About the WKO soil energy tool Instructions for use WKO soil energy tool Ground energy projects Map layers explanation Info calculations

s8¢ WKO soil energy tool

Regulation and

Prohibited areas Protection for drinking water

Legal Factors: 5
Restriction Specific Provincial Policy Table 1.1 =  Primary rizks associated with key clean electrification
) technologies

* Regulatory
frameworks

» Contractual
agreements for
collective
approach

Restriction Depth Restriction

Wind  Solar PV Nuclear Battery Demand . Electric Heat

storage response Fes wehicles pumps

Restriction Order

Regulatory and policy risks

) Aea of nterest Nature Regulatory frameworks High
Policy support High
Area of interest Geological values

Permitting and certification High High

Area of interest: Archaeology

Wapatycumme
D

RES regions

Source: https://wkotool.nl/
International Energy Agency | World Energy Outlook 2023



Factors influencing individual vs. collective

Case (situation)
Factors influence

|
\ Type of Advantage and / \

technologies disadvantages

I. __________________________ | Evaluation
method

Research framework with variables. Source: Own illustration




From longlist to shortlist

Possible SETs




From longlist to shortlist

But still for the case is this short list not so short....



Narrowed the scope

SETs
Solar energy Wind energy Geothermal Biomass Water Other
Photovolaics (pv)  Solar water Open-loop GHP Closed-loop GHP
heating
+ l l Source: (BodemenergieNederland, 2023).

v

Individual Collective



So for the UT Enschede

initial investmen cost
15

Total cost of ownership (TCO) = + Operational cost + energy cost

Situatie
2 A0 Gt S Individual heat Shared ground
e pump system heat exchange

4. 826-837 Witbreuksweg

EE EE EE
alleliall




TCO

GHP

< o
> >
E 2
> D
- — -c —
EE E
o)
2 E T
O o (©)
Energy charges incl. (incl. VAT) € 153.310(€ 172.020
Total maintenance and replacement (incl.
VAT) € 144.600| € 145.350
Total investment costs (1/15th part) (incl.
VAT) € 786.850| € 316.040
Total investment cost (incl. BTW) € 9.754.270(€ 3.917.840
Total TCO costs per year € 1.084.760| € 633.420

Renter: Prefer individual lower maintain cost and energy prices

% Investor: Prefer collective lower investment cost

Overall: Prefer collective lower total cost of ownership



But what will happen if we added PV panels?

00O
%[D}@ Renter: With or without PV?

Initial Investment Costs t
Operational Expenses t
& Investors: With or without PV?
Energy Cost
Total cost of ownership t

Overall With or without PVV?



< o
> >
E 2
> D
- — -c —
EE E
o)
2 E T
O o (©)
Energy charges incl. (incl. VAT) € 153.310|€ 172.020
Total maintenance and replacement (incl.
VAT) € 144.600| € 145.350
Total investment costs (1/15th part) (incl.
VAT) € 786.850| € 316.040
Total investment cost (incl. BTW) € 9.754.270(€ 3.917.840
Total TCO costs per year € 1.084.760| € 633.420

TCO

GHP + PV

+

> 2

+ D

o] =0

22 3

alir= o

a € T
¢® 3 [0) E
€ 40.770| € 59.470
€ 148.030 € 152.350
€ 872.92(0 € 420.650
€ 10.821.160 € 4.987.890
€ 1.061.720 € 632.490

- = -

=)o

=)o

Renter: Prefer individual
GHP + PV lower energy
prices and just bid higher
maintain cost

Investor: Prefer collective
GHP lower investment cost

Overall: Prefer collective

GHP + PV lower total cost of

ownership



TCO — per units

GHP + PV per unit

GHP per unit
© o
> >
E 2
> D
2 5 2
Eg E
O
2 E T
O o (©)
Energy charges incl. (incl. VAT) € 345|€ 387
Total maintenance and replacement (incl.
VAT) € 327
Total investment costs (1/15th part) (incl.
VAT) 1.768
Total investment cost (incl. BTW) € 21.920(€ 8.804
Total TCO costs per year € 2.438|€ 1.423

+
> 2
B 2
+ D
o} =
22 E
ol o
a T
O 3 [0) E
€ 134
€ 342 t
1.962 € 945 t
24317 € 11.718
2.386




Monte Carlo Simulation

GHP
* Monte Carlo simulation added to TCO calculation to model

g 2 uncertainties in cost parameters.

2 5 3

gL 3 1,000 trials

= g T * Energy costs: Normally distributed, 10% standard deviation,

L = based on model and fixed contract.
Energy charges incl. (incl. VAT) € 1533100 €  172.020 « Operational costs: Triangular distribution, variations due to
Total maintenance and replacement (incl. maintenance, service contracts, and unforeseen issues.
VAT) € 144.600 € 145350 * Investment costs: Normally distributed, 10% standard
Total investment costs (1/15th part) (incl. deviation, based on RFO and Arcadis data.
VAT) €  786.8500 € 316.040
Total investment cost (incl. BTW) € 9.754270 € 3.917.840 » Outcome: Distribution of potential TCO estimates, providing
Total TCO costs per year € 1.084.760€  633.420 insight into the probability of different cost projections.



Monte Carlo
Simulation

[man-té ‘kar-‘16 sim-ya-‘la-shan]

A model used to predict
the probability of a variety
of outcomes when the
potential for random
variables is present.



Monte Carlo-simulatie

Trial number

© 0 N o U WN P

W W W W W WNMNMNDNDNNNDNDNNDNNDNDNDRPERPRRPR R PR P P P PP
g B W NP O ©Ww~NOO O B WN P O OOWwSNOOO B WDNREFE O

Monte Carlo Simulation

Invidueel GHP

Total energy cost  Total investment cost Total operational cost  TCO Rounded

€ 122.787 € 333381 € 133.572 € 589.740 € 590.000
€ 170.869 € 440.580 € 147.026 € 758475 € 758.000
€ 163.518 € 384.469 € 150.744 € 698.731 € 699.000
€ 135.103 € 421.578 € 145.175 € 701.856 € 702.000
€ 148.647 € 359.849 € 134.605 € 643.101 € 643.000
€ 138.309 € 463.535 € 135.560 € 737404 € 737.000
€ 200.444 € 412.718 € 135939 € 749.101 € 749.000
€ 131.780 € 360.480 € 152.851 € 645.111 € 645.000
€ 160.900 € 346.251 € 149923 € 657.073 € 657.000
€ 187.238 € 359.466 € 139.350 € 686.053 € 686.000
€ 184.383 € 377.097 € 153.207 € 714.686 € 715.000
€ 155.942 € 438.323 € 147.660 € 741925 € 742.000
€ 130.784 € 419.766 € 149.225 € 699.775 € 700.000
€ 159.644 € 361955 € 125394 € 646993 € 647.000
€ 121.666 € 355498 € 148.521 € 625.685 € 626.000
€ 152.221 € 378512 € 144.037 € 674770 € 675.000
€ 130.679 € 372443 € 136.174 € 639296 € 639.000
€ 170.259 € 386.021 € 149467 € 705.747 € 706.000
€ 121.129 € 329923 € 149.672 € 600.724 € 601.000
€ 141.708 € 448.737 € 144.171 € 734.616 € 735.000
€ 160.102 € 308.064 € 145.796 € 613961 € 614.000
€ 153.502 € 368.210 € 138.140 € 659852 € 660.000
€ 133.216 € 416.385 € 140.771 € 690372 € 690.000
€ 148.799 € 502511 € 133.887 € 785.197 € 785.000
€ 140.636 € 433.746 € 139.717 € 714099 € 714.000
€ 184.878 € 378317 € 144519 € 707.714 € 708.000
€ 170.556 € 426.784 € 126.732 € 724073 € 724.000
€ 139.538 € 388.928 € 135.526 € 663.992 € 664.000
€ 180.004 € 403.985 € 151.706 € 735.695 € 736.000
€ 160.816 € 456.384 € 136.725 € 753925 € 754.000
€ 151.134 € 332.306 € 157385 € 640.825 € 641.000
€ 163.409 € 326.676 € 139.420 € 629505 € 630.000
€ 150.615 € 428.545 € 142.649 € 721809 € 722.000
€ 161.353 € 399.159 € 147396 € 707907 € 708.000
€ 152.355 € 410482 € 138.583 € 701420 € 701.000

Collective GHP

Total energy cost  Total investment cost Total operational cost  TCO Rounded

€ 172.656 € 182.449 € 143.847 € 498952 € 499.000
€ 158.666 € 142.270 € 135229 € 436.165 € 436.000
€ 148.483 € 136.542 € 149402 € 434426 € 434.000
€ 180.505 € 166.184 € 140.847 € 487.536 € 488.000
€ 145.375 € 149982 € 147251 € 442.608 € 443.000
€ 154.792 € 159.728 € 149.862 € 464382 € 464.000
€ 163.185 € 137.621 € 148450 € 449257 € 449.000
€ 168.104 € 148.769 € 146473 € 463346 € 463.000
€ 167.173 € 148.804 € 148958 € 464935 € 465.000
€ 155.490 € 182.578 € 151.390 € 489458 € 489.000
€ 174.781 € 163.153 € 134.859 € 472.793 € 473.000
€ 168.453 € 171.166 € 144480 € 484.09 € 484.000
€ 185.640 € 143348 € 143424 € 472413 € 472.000
€ 156.732 € 196.178 € 144948 € 497857 € 498.000
€ 199.636 € 143.540 € 150482 € 493.658 € 494.000
€ 194.821 € 141.154 € 143.850 € 479.825 € 480.000
€ 151.580 € 138.081 € 145233 € 434894 € 435.000
€ 152.469 € 171.007 € 139.151 € 462.627 € 463.000
€ 193.240 € 145.026 € 139.077 € 477343 € 477.000
€ 154.851 € 147.180 € 142.118 € 444.148 € 444.000
€ 197.183 € 164.061 € 141.382 € 502.627 € 503.000
€ 180.951 € 143.124 € 144.681 € 468.755 € 469.000
€ 206.642 € 148.578 € 149.124 € 504344 € 504.000
€ 196.037 € 142.832 € 139.937 € 478.807 € 479.000
€ 170.174 € 131.370 € 145365 € 446909 € 447.000
€ 142.646 € 134.832 € 151.262 € 428.740 € 429.000
€ 176.686 € 149.642 € 145.142 € 471470 € 471.000
€ 144.878 € 143.637 € 149998 € 438513 € 439.000
€ 175.598 € 158.832 € 143.074 € 477504 € 478.000
€ 151.595 € 151.836 € 145456 € 448.887 € 449.000
€ 192.437 € 152.686 € 147877 € 493.001 € 493.000
€ 137.126 € 175231 € 138.567 € 450924 € 451.000
€ 178.390 € 183.833 € 138.191 € 500415 € 500.000
€ 171.816 € 175.883 € 134281 € 481980 € 482.000
€ 175.657 € 191.190 € 141.594 € 508.441 € 508.000



Collective GHP

160

Monte Carlo Simulation

Individual GHP
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Based on the TCO sensitivity analyses have been made
For the individual VS collective closed loop GHP

1. 801-807 Calslaan Oud
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Cost

Impact of housing units on the Total Cost of Ownership (TCO)

€800,000
€700,000
€600,000
€500,000
€400,000
€300,000
€200,000

€100,000

€0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Housing units

Average GHP individual TCO Average GHP individual Investment costs 1/15
Average GHP individual Energy Loads Average GHP individual Maintenance

— GHP collective TCO ~ =meee GHP collective Investment costs 1/15

— — - GHP collective Energy Loads —-— GHP collective Maintenance

Ground source heat pump
individual vs collective

are individual ground
source heat pump

Purple are collective ground
source heat pump



Cost

TCO vs units — Investment cost

Investment cost - per unit

€600,000 €2,000
€1,800
€500,000 €1,600
€1,400
€400,000 €1,200
D
o €1,000
O
€300,000 €800
€600
€200,000 T €400
T €200
€100,000 /__/____,— o
_______ - 100 120 140 160 180 200 220 240 260 280 300
Housing units
€0

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Housing units

Average GHP individual Investment costs 1/15 B GHP collective Investment costs 1/15
Average GHP individual Investment costs 1/15 ------- GHP collective Investment costs 1/15



TCO vs units — Energy cost

Data transparency:
* Including 10% train loss surcharge with collective (Vink, personal communication, April 14, 2024)

Energy load - per unit

€160,000 €4,000
€140,000 - €3,500

- €3,000
€120,000 e

_ - €2,500
€100,000 =
€2,000

\
Cost

€80,000 -
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€60,000 €1,000
€40,000 €500 I I I I I I I I I
. 1dd

€20,000 100 120 140 160 180 200 220 240 260 280 300
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Cost

€0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Housing units

Average GHP individual Energy Loads B GHP collective Energy Loads
Average GHP individual Energy Loads — — — GHP collective Energy Loads



TCO vs units — Operational cost

Data transparency:
The maintenance costs are based on device power (Vink, personal communication, April 14, 2024)

Operational cost - per unit

Cost

€120,000 €370
€360
€100,000
i
Vi €350
z
w4
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/'/ 3
7 O
€60,000 - ! €330
o
s
| Ple €320
€40,000 >
ad €310
-
e
e
€20,000 .- €300
/./ 100 120 140 160 180 200 220 240 260 280 300
@ Prid Housing units
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Housing units
Average GHP individual Maintenance B GHP collective Maintenance
Average GHP individual Maintenance — - — GHP collective Maintenance



Cost

TCO vsunits—TCO

TCO - per unit
€800,000 €7,000

€700,000 €6,000
€600,000 €5,000

€500,000 €4,000

Cost

€400,000 €3,000

€300,000 €2,000
€

€100,000 100 120 140 160 180 200 220 240 260 280 300
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Average GHP individual TCO ® GHP collective TCO
Average GHP individual TCO — GHP collective TCO



Recommendations for investors, end-users, and policymakers

SQ 5: Based on the evaluation, what are the recommendations for achieving optimal financial value?

» Opportunity for long-term Cost-benefit analysis

value Maintenance and operational
« Leveraging financial considerations

mechanisms Behavioral impacts Monitoring and evaluation

Behavior changes Promoting Interconnection
Interventions and Grid Integration

Economic viability
Regulatory support
Market transformation



Discussion,
conclusion and
limitations



Discussion

20.0 €800.000

: €700.000
of €600.000
: 12.0 €500.000
] 2 €400.000
o f 80 = €300.000
e €200.000
€100.000

,,,,,,,,,,,,,,,,, Breziiiirenon osefil@ 070 0.0 €0
160.0 140.0 120.0 ; § 20.0 0.0 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
kWh/m? y (reversal scale) Housing units

€/kWh

o MC o AC O MB «eeee TAMC) +eeee T/AC) ++++-TA(MB)
GHP collective TCO

Fig. 8. Marginal costs, average costs, and marginal benefits. Average GHP individual TCO

Prior research Sustainable SETSs integration proves financially viable in
technologies increase building value TCO.

(Choi, 2009; Shan et al., 2017).
However, smaller complexes adopt

collective systems early (60 units).

— +
E $ > S
= £ & £
2o =2 o =
2 3 - B
o=l o ng o
5 I £ I
G 8 0] G 8 o
Energy charges incl. (incl. VAT) 387 € 134
Total maintenance and replacement (incl.
VAT) 327, € 342
Total investment costs (1/15th part) (incl.
VAT) € 1.768 1.962
Total investment cost (incl. BTW) € 21.920 8.804] 24.317|€ 11.718
Total TCO costs per year € 2.438 2.386

And in contrast of previous studies, High initial
costs hinder quick returns and constituted a
significant obstacle to immediate financial gain.



Discussion: Recent development

Recent development of scope 3

The study can contribute to scope 3:
SETs integration reduces Scope 3

Looking into the lifecycle of building

Becoming important to take in
account the use

emissions, aligning with
sustainability goals.

Variability in reduction based on

technology and scale.

Scope 2 Scope 1
INDIRECT DIRECT
Scope 3
@ P
“ INDIRECT
purchased
goods and ::q =
services I | F""
hased electricity, steam, . K ™
C Bt ot M ol an woa |
leased assets B
() Sty
capital .‘ facilities
goods N, om mpum—gu—
employee
fuel and commuting
energy related W -n
activities LLL _— o 00
. - ‘::;CZISS company
RSttt e ttieg.
transportation vehicles
and distribution waste
generated in
operations
Upstream activities Reporting company

"

transportation
and distribution

use of sold a

Scope 3
INDIRECT

investments

e

franchises

.

leased assets

PIgglE end-of-life
treatment of
sold products

Downstream activities



Conclusion

For the UT Enschede GHP GHP + PV

- Best choose collective closed-loop ground source heat .
pump with pv panels E 2 > 2
= 3 S 3
== E =g 3
k=) o n =2 o
£ T £ T
RS O] RS oa
Energy charges incl. (incl. VAT) € 153.310 | € 172.020| |€ 40.770| € 59.470
Total maintenance and replacement (incl.
VAT) € 144.600 [ € 145.350| |€ 148.030| € 152.350
Total investment costs (1/15th part) (incl.
VAT) € 786.850 | € 316.040| |€ 872.920| € 420.650
Total investment cost (incl. BTW) € 9.754270|€ 3917.840| |€ 10.821.160/ €  4.987.890
Total TCO costs per year € 1.084.760 | € 633.420| |€ 1.061.720| € 632.490




Conclusion

Individual vs. Collective SETs: I

¢ Individual
e offer customization;
e more resilient to energy price fluctuations.

¢ Collective
e cost-efficient beyond 60 units due to economies of scale.
e |ess space and material use

Financial value I

Initial investement cost gets higer 1 — Operatioan| cost
gets higer 1 — energy cost will be lower |
= long term benefit

€800,000
€700,000
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€100,000

€0

————————————

——

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
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—— Average GHP individual TCO —— GHP collective TCO

“ Collective systems become more cost-effective beyond ~60 units,
highlighting the importance of scale and policy support in SETs
implementation. ”



Data and
Methodological
Constraints

Stakeholders and
Financial
Responsibility

Broader Contextual
Limitations

Data

Limitations Data pqta Data

Dataa....

Reliance on VIAC and Vabi models; may not align with future needs. Due to climate change

Use of fixed rates; market dynamics and location can cause volatility.

Derived from reference projects; may not reflect case variations.

Complex Financial Dynamics; Initial investments by who? (private, government, social housing).

Lower energy costs for users but higher investor cost.

Price Fluctuations; Sensitivity to changes in electricity and gas prices.

Material Scarcity and Scalability (IEA, 2021); Limited availability of critical materials may increase costs.

Environmental Impacts (Farghali et al., 2023); Production processes of SETs may have negative environmental
effects.

Technological Obsolescence (IEA, 2021); Rapid advancements may render current technologies obsolete.

Adaptation to Changing Conditions; Climate change and evolving energy demands may require design
adjustments.



Closing statement

There Is no one-size-fits-all solution. The potential of the technology and its operational specifics
are highly context-dependent. Consequently, the financial value is also contingent upon this factor.

Furthermore, a significant proportion of costs are contingent upon future events, and as evidenced
by recent instances of war and pandemics, the future can be highly unpredictable.

Finally, it is important to consider the financial picture in conjunction with other factors.
However, it Is also necessary to consider the broader context in which we live, as described by the
Triple Bottom Line (people, planet, profit) in its theoretical framework. Although the focus is on
renewable energy sources, it is also important to consider the materials used in technology.



"Switching to renewable energy is like eating your vegetables — it's
good for you and the planet, even 1f it wasn't your first choice.*

Thank you for listing
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