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Abstract

This presentation bundles all A3s that we make for Best Duurzaam (Best
Sustainable).
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Climate Change Simplified

Author: Gerrit Muller

BDRA3ClimateChangeSimplified Version 0.1, May 9, 2019
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INSTITUTE

S

CARBON DIOXIDE (CO2
w
N
o

300

N
~
ol

N
a
o

1eJoo ‘ choo
1800 2000
CO2levels.org

1000 1200 1400 1600

CO, levels started to increase with the industrial revolution
The rate of change is very high on cosmic time scale

physics/nature of earth
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Ein

Eout
3m of ocean water
contains more energy
than the atmosphere

greenhouse effect

Ein =~ Eout

High CO; levels cause the greenhouse effect. Earth warms
up because more energy from the sun comes in then
the amount of energy that can escape the atmosphere
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I In hot water

Global Ocean Heat Content Change
in 10%* Joules (=10° PJ; NL uses 3 PJ/yr))

Global ocean heat content, change relative to 1955-2010 average

0-700 metres, 10 joules

= Yearly average Three-month average
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One billion times the energy of the atomic bombs
used on Hiroshima and Nagasaki in 1945 150
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Energy contained in the world’s
fossil fuel reserves, as of 2016
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sources; NOAA; BP, Nuclear test database
https://www.economist.com/graphic-detail
/2018/03/12/the-temperature-of-the-ocean-is-rising

The oceans act as buffer for accumulating energy surplus.
The amount of energy that oceans absorbed in past

temperature on earth
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Global Warming Index (aggregate observations) - updated to Oct 2018
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The average temperature on earth has been rising. This rise
has accelerated since the 1960s. Local temperature
changes vary a lot. The arctic areas have warmed much more
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Combination of smelting land ice and increasing see water
temperature will increase see water level. In a few centuries
this increase can be tens of meters

extreme weather
#days/year with >30mm rain

Langjarig gemiddeld aantal dagen met min. 30 mm neersiag per jaar voor De
Bilt in het verleden (blauw) &n voor de KNMF 14 scenaric’s met natuutiike
variabiliteit tussen 30-jaar perioden (grils, centr)
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Oceans affect the local climates to a large degree. We can
expect more extreme weather, e.g. droughts & tropical rain




Transform Strategy into Individual Action

The big picture
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master transform
3
10 plans
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10 Communicate
10 “What does it mean for me?”
“Why is this the right thing to do?”
10° inhabitant | | | | | time I»
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Initial Roadmap for a sustainable Best

Author: Gerrit Muller, contributions from Laura Elvebakk & many Best Duurzaam volunteers

BDRASinitialRoadmapBest Version 0.7, May 8, 2019

— CHEDIEE  pepiieEily  YiErEreEiie — What is happening, what do we need?
Objectives ) . plan m energy plan 45% co, (5) '
ransport | 1210 r i 100% CO -
fossil fuel (2) €D, [Sancten reduction 2g ®
heating | go5 extreme weather, droughts, flooding, heat waves A D energy 1.1PJ
1 gas 0 use
Trends C )electric . increasing population, #houses, mobility (4) rlg(g/gi\r’:’;?e ® @
new buildings (3) electric driving (4) niches: wind, bio gas, bio mass, sewer, rest heat supermarkets How to get there?
energy neutral . &
@ (5) reduce energy consumption e
i rain water & &
Solutions o e — I &\ o
Capabilities infiltration ® solar residential, commercial, utility scale 0.5PJ eé\x&\'& ©
2j1eating options:  heat pumps heat networks Hydrogen (9) - \\é& N 0\6
characteristics:  individual (7)  collective infrastructure gas infrastructure, individual I:l solar ‘\OQ\C’\\ee X
\' kN
concerns: noise, space primary energy source? D © &e'i\@'zs
. . . C 5" &
technologies: brine (1) high T(2) lowT (3) Fuelcells(4) O e,do What means do we need/get?
air2air - — S et
| insufficient data A m,r,p,ne o0 LSO
air2water N
Means _ S
maturity: mature mature less mature Immature X Ry &
(5 )concrete-less buildings W &
(6 )insulation (and rebuilding?)( 7) A &
(1 )shortage engineers, construction personnel A m,r,n,e What resources do we need?
(2)lack of acceptance m, 1, n,e
(3jbuilding cooperatives, utility and network providers, schools
Resources —
“seduce” chargin commercial funding, new business modelsO
(‘D infram g 7
(5) educate collective/social funding (7))
NEN 7125 and ?naer:gstﬁeutrnélm ,6§aci|itate solutions, adapt regulations m, p, n, e What governance do we need?
r:;;rrgsetwork new buildings@ (7}timulate & regulate new business models n, e g
Governance nTI,(plysn mandate  Mandate (&reliable, predictable regulations m, p, n, e
artikel3.5. : : . . .
waterwet _infiltration (ra]dgcatlon (g)how to do risky things with public money? m, p, n, e
@ mpn . . -
improve reputation and incentivize manual labor @ m, p, n, e
past short term medium term long term very long term
1 energy use 2017 1 make all new developments sustainable 1 air2air for heating is efficient; how to get tap water? 1 action plan to attract and educate 1 7125 and reports overrate sustainability of bio mass

N
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mandatory 2020 heating plan
per neighborhood

mandatory 2021 regional

small increase per year

IPCC 2018

IPCC 2018

may increase energy use

energy use after full electrification
and some reduction

2 selection of options for heating plan

3 transport is major CO, producer

4 niche solutions in Best

5 reducing energy consumption is must

6 all forms of solar may result in 0.5 PJ/yr

7 mature; noise, space is concern

8 few rest heat sources; large collective
infrastructure investment

9 long-term option; re-use gas infra

2 compatible with older houses; challenge data
is not public due to commercial interests

3 efficient allows re-use of any rest heat;
storage is the big challenge

4 source to use little efficient; solves seasonal storage;
production infrastructure expensive

5 concrete is major CO, producer

6 insulation is first step; external insulation needed?

7 when is rebuilding better (justified and acceptable)

2 involve, engage, seduce, incentivize
3 roadmap and master plan to coordinate
4 more effective than enforcement
5 primary, secondary schools;
avoid overload
6 enable electric driving
7 be creative to get economy
and funding working

2
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and rest heat sources; lack absolute data
ASAP! waiting increases problem
vng.nl/3-gemeentelijke-watertaken; should be
standard operation when maintaining streets
how to do this effectively?
culturally ingrained
agile (fast response) governance
facilitate and regulate
past pitfall; blocks investments
major dilemma for 6, 7, and 8

legend
b Best Duurzaam
m municipality
r regional
p province
n national
e Europe
g global




Initial Roadmap for a sustainable Best, Summary

Author: Gerrit Muller, contributions from Laura Elvebakk & many Best Duurzaam volunteers

SoSE2020initialRoadmapBestSummary Version 0.2, October 7, 2023

energy use 2 gpj heating  renewable ; ; -
Objectives olanm  energy plan 5 C, What is happening, what do we need*
transport | 1210 reduction g 100%
fossil fuel Ele trifi : reduction ®
heating Cctritication hl her ICi . energy 1.1PJ
"9 | ges , Nigher efficiency, and reduction -> 3* |ess energy
Trends electric | 746 increasing population, #houses, mobIlty N
—~7
new buildings @ electric driving @ niches: wind, bio gas, bio mass, sewer, rest heat su Solar may How to get there?
tral 3
D) energy neutra (5) reduce energy consumption . 1 O
Solutions rain water A y—— provide about %2
g solar residential, commercial, utility scale
Capabilities @eating options:  heat pumps heat networks Hydrogen @ gistal Of need
cha - G\ jas infrastructure, individual I:l _\0@ \\q, S
«onl NE€Ating plan: SEE
: : “uel cell G
e many options, we know too little UKG @ (\Oog ot What means do we need/get?
T T e m,r,p,n,e AR S
o [ IR
Means aires . _ s\oc’&@(@(\ow&
maturity: maf INSUlAtION less mature immature $\r5\° 0‘6(\60(}\
.. uildings > @
O @
s imsugdEMOlItion - A &
%)shortage engineers, construction persoAnneI A Shortage Of What resources do we need?
lack of a m, r,n, e .
5 @ acce ptance and network providers, schools |nSta| |eI‘S
esources
@ Support base commercial funding, new business models®
(5) educate collective/social funding (7))
NEN 7125 and Mandate  n,m i i i R
enerav neutral (gf\acmtate solutions, adapt regulations faCIIItate What governance do we need?
heat network . .
— ne re Ulate ﬁtlmulate & regulate new business models .
Governance m. p.n g reliable, predictable regulations St|mUIate
artikel3.5. M§ . . . . . .
i h ky th h I ?
watenwet infi mandate (9 )how to do risky things with public money re“able’ predlctable
T, [, 11
improve reputation and incentivize manual labor @ m, p,n, e
past short term medium term long term very long term
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Transformeer Strategie in Individuele Actie

The big picture BERGOALS
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Initiéle Roadmap voor een duurzaam Best Auteur: Gerrit Muller, bijdragen van Laura Elvebakk & veel Best Duurzaam vrijwilligers

BDRA3initialRoadmapBestNL Versie 0.7, 10 mei, 2020

, energie- - pgpj warmte- - renewable = Wat gebeurt er, wat is er nodig?
Doelstellingen gebruik planm  energie plan 45% co, (5) '
transport | 1210 r reductie 100% CO, -
benzine/diesel <2> <3> 2 reductie g (6)
verwarming| geg extreem weer, droogte, overstromingen, hittegolven A (7) energie- 1.1PJ
1 gas % gebruik
Trends Celgctriciteit 246 toenemende bevolking, #huizen, mobiliteit (4) ﬁggg/gba;ftlliilb ® @
nieuwe gebouwen (3) elektrisch rijden <4>niches: wind, biogas, biomassa, riool, restwarmte supermarkten Hoe komen we daar?
energie neutraal . .
@ (5) reduceer energieverbruik o
. rain water © e
oplossingen infiltration (6) zonneenergie residentieel, commercieel, grootschalig 0.5PJ ée}‘e NS
2jvarmte opties:  warmtepompen  warmtenetwerken Waterstof (9) . Q}fzﬁ‘@\e 6‘?’&
karaketeristieken: individueel 7))  collectieve infrastructuur gas infrastructuur, individueel I:l 200 &,0'6\4. \(\6‘2‘6(\'00
zorgen: geluid, ruimte primaire energiebron? \Q’\\é‘&e 3 J\()\ .
QO
technologién: grondwater (1) hogeT(2) lage T (3) brandstofcellen (4" &600402’@&?\’0 Welke middelen hebben we/
lucht-lucht onvoldoende gegevens A m, r,p,n,e | Qoomée}e’é@'& hebben we nodig?
o . lucht-water ‘ 4\6‘0 QQ;\'ch,;\\ ,
volwassenheid: volwassen volwassen minder volwassen onvolwassen > o eé
(5) betonloze gebouwen <<°e(\€> ‘Q\@‘
. . N
(6)|solat|e (en sloop/herbouw?)( 7 ) A 6\\0@;@‘"\\\%
(1 )tekort aan monteurs, installateurs, bouwvakkers A m,r,n,e 0@‘?‘ Welke hulpbronnen hebben we nodig
(2)gebrek aan acceptatie A mrnne
(3jwoningbouw cooperaties, energie and netwerk providers, scholen
hulpbronnen =
<4>“verleidt” laadstations commerciéle financiering, nieuwe business mode(lgr)r
(5 )onderwijs collectieve/sociale fondsen (7) 7
NEN 7125 en \éﬁ:aprlgljci:tneut?élg Csﬂaciliteer oplossingen, pas regelgeving aan m, p, n, e Welk bestuur en beleid is nodig
\r/;?)rgtrtigr?twerk nieuwe (7}timuleer & reguleer nieuwe business modellen n,eg
bestuur en 1) ™mpn gebclnyv[;/tezn - (8 betrouwbare, voorspelbare regelgeving m, p, n, e
i artikel3.5. verplic verplicht A . .
beleid vl - ondperwij (9)hoe riskante dingen te doen met publiek geld? m, p, n, e
@ mPpn ne i:)
verbeter reputatie en stimuleer handmatige arbeid@ m, p, n, e
verleden korte termijn middellange termijn lange termijn zeer lange termijn

1 energiegebruik in 2017

2 verplicht 2020 warmteplan
per wijk

3verplicht 2021 regionaal

4 kleine toename per jaar

1 maak alle nieuw ontwikkelingen duurzaam 1 lucht-lucht voor verwarming is efficient; hoe krijgen
2 selecteer opties voor het warmteplan we warmwater?

3 transport is grootste CO, producent 2 compatibel met oude huizen; uitdaging data

4 niche oplossingen in Best is niet publiek door commerciéle belangen

5 reduceren energiegebruik moet 3 efficient maakt herbgebruik van restwarmte mogelijk;

1 aktieplan aantrekkelijkheid en
onderwijs

2 betrek,verleid en stimuleer

3 roadmap en master plan voor
coordinatie

5IPCC 2018 6 alle vormen van samen leveren 0.5 TJ/yr opslag is de grote uitdaging 4 dit is effectiever dan dwang

6IPCC 2018 7 volwassen; zorgen zij geluid en ruimte 4 weinig efficient van bron tot gebruik; oplossing voor 5 basis en middelbare scholen;

7 kan energieverbuik verhogen 8 weinig restwarmtebronnen; grote collectieve seizoensvariatie; productie infrastructuur is duur vermijd overdrijven en overladen
8 infrastructuur investering 5 beton is grote CO, producent 6 voorwaarde voor elektrisch rijden

9 energiegebruik na volledige
electrificatie en enige reductie

9 lange termijn optie; hergebruik gas infra 6isolatie is eerste stap; externe isolatie is nodig?

7 wanneer is herbouw beter (verantwoord&acceptabel)

7 wees creatief om de economie
and betaalbaarheid te bereiken

1

w N
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7125 overschat duurzaamheid van biomassa
en restwarmtebronnen; gebrek aan absolute data
ASAP! wachten vergroot het probleem
vng.nl/3-gemeentelijke-watertaken; meteen meenemen
bij standaardonderhoud van straten

legend
b Best Duurzaam
m municipality

hoe dit effectief te doen? rregion al
dit is cultureel verankerd p province
agile (snelle response) bestuur en beleid n national
facilitateer and reguleer e Europe
valkuil uit verleden; dit blokkeert investeringen g global

groot dilemma voor 6, 7, en 8




Initi€le Roadmap voor een duurzaam Best, samenvatting

Auteur: Gerrit Muller, bijdragen van Laura Elvebakk & veel Best Duurzaam vrijwilligers

BDRA3initialRoadmapBestNLsummary Versie 0.2, 10 mei, 2020
) energie- 2.9pJ warmte-  renewable Wat gebeurt er, wat is er nodig?
Doelstellingen gebruik planm  energie plan 45% co, (&) 9 ) g
transport | 1210 reductie g 100% @
benzine/diesel Electrl‘ﬁc t_ reductie
verwarming| gag a Ie, meer eﬁ:lCIentle iNi * c . energie- 1.1PJ
T o - , €N bezuinigen 3* minder energie gebruik
electriciteit | 746 toenemende bevolking, #huizen, mobITTeET 7
—7
nieuwe gebouwen elektrisch rijden niches: wind, biogas, biomassa, riool, restwarmte su 1 oe komen we daar?
energie neutraal @ @ : Zon Ievert /2 Wat
@, o waer 3 reduceer energieverbruik .
: infiltrat we gebruiken
OpIOSSIngen infiltration zonneenergie residentieel, commercieel, grootschalig 0.5PJ
qarmte opties:  warmtepompen  warmtenetwerken Waterstof (9) ' Q)-\\(\Q R
ara —— T yas infrastructuur, individueel I:I Zen ,\,Z;\é"&eQ,&(\é
Lodwarmteplan: o S8
g ((\,z;o 66‘2,\« &0\\5
1 1N dstofcell AN >0 ]
e yveel opties, we weten te weinig [ e (4 O P Welke middelen hebben we/
: S A m,r,p, N, e | 6600 &@K@*\ hebben we nodig?
. Wk AR
middelen lucht-was Iati A
volwassenheid:  volwasd ISO at|e sen  minder volwassen onvolwassen R @ @00
C 5 ouwen 06\6 (\60' (&@
RN
(&)isolatie (en Sloop : (7 A « @3‘;}\\?
N
@tekort aan monteurs, installateurs, bouwvakkers A tekort aan 04@9@ Welke hulpbronnen hebben we nodig
(@ gebrek aan at A mrne installateurs
hulob @vvc accep atie hergie and netwerk providers, sd
ulppronnen
@‘ve draagvalk merciéle financiering, nieuwe business modellen
(&) onderwijs collectieve/sociale fondsen (7))
NEN 7125 verplicht n, m i : : e S .
warmtenetvigrk enerdie heutrale  @RCEEr 9p|055mgen, pas reg.elgevmg aan faciliteer Welk bestuur en beleid is nodig
e nie I ﬁtlmuleer & reguleer nieuwe business modelle )
bestuur en 1 m,p.n Q€ regu eer betrouwbare, voorspelbare regelgeving StlmUIeer
i artikel3.5. Ve H - : :
beleid aterverinfi Verp“Cht @Dnhoe riskante dingen te doen met publiek gel betI’OUWbaar, VOOFSpe|baar
L) rJ, LILJ []y 154
@ verbeter reputatie en stimuleer handmatige arbeid m, p, n, e
verleden Kkorte termijn middellange termijn lange termijn zeer lange termijn



Best Duurzaam Background data energy consumption

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3backgroundData. Version 0.1, May 8, 2020

Best Energy USE https://klimaatmonitor.databank.nl/dashboard/Dashboard/
Energiegebruik/Totaal-bekend-energiegebruik--41/

fossil 2017
fuels gas electric TJlyr

Buildings
residential 566 141 702
commercial 130 328 427
public 45 e 82
total buildings 739 507 1247
Traffic
on roads 1146 1146
mobile equipment 49 49
ships 4 4
rail (diesel only) 11 11
total traffic 1210 1210
Industry and construction
industry 103 211 312
construction 9 5 14
total industry &
construction 112 217 329
Agriculture 16 22 38
Renewable energy 68
Other 41
1210 868 746 2894
fossil fuels 1210 gas 868 electric 746

Best estimate of energy need energy transition
transportation 2894
efficiency gains
cars (electric) 3!
trucks&buses (hydrogen) 2? cars | 605

assuming cars become electric, heavy transport

becomes Hydrogen

ratio car/trucks&buses: rough estimate 50/50

assuming energy reduction (lower speed, lighter and

smaller vehicles) trucks& 605
electric 30% buses

0.5*1210/3*0.67 + 0.5* 1210/ 2 =437

1077
134

303

193

447

heating/gas
efficiency gain using heat pumps 3 .
reduce consumption by improving insulation ~ 30% heating 868
868/3 * 0.67 = 193 gas

electricity
efficiency gain using modern equipment 15
reduce consumption 10%
746 /1.5*0.9 = 447
— : electric | 746
energy need after transition and full reduction
1077 TJlyr
https:/www.fueleconomy.gov/feg/evtech.shtml 2017

efficiency gasoline (excluding well to pump) ~19%, electric ~58%, H, ~45% ‘
2https://www.deingenieur.nl/artikel/hydrogen-car-wins-over-electric-car inTJ

long term
inTJ
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Best Duurzaam Roadmap Options

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3roadmapOptions Version 0, March 24, 2019

Energy functions and options

_|electricity D

electricity sources

o

heat sources, heating @

gas sources

®

)]

electricity *{residential equipment 9 solar PV panels industrial rest heat hydrocarbons (biogas)
sources " |distribution I
. ﬂprofessional equipment Ire3|dentlal | |Rendac | Igarden waste |
electricity ﬂelectrified transport ‘ Icooperative l heat pumps Iagriculture waste l
storage Iutility scale | |air to air | Ifarm manure |
heat sources| _|heat (6) residential heating 5 wind |air to water | Isewer l
"|distribution > -
: ' _Eitap water Ismall turbines | |Water to water | Hydrogen
heat :gprofessional heating | |Iarge turbines l |Geo Thermal | I'OC"’“ production l
storage ; i
g @ Ssulation ) Co-generation |Iarge scale productlonl
|fue| cells |
gas sources _|gas @ —>|gas-based transport |

“|distribution

|gas generator |

bio mass sources

O,

electricity distribution @

heat distribution

®

behind the meter
Iresidential |

Iprofessional |

local network Enexis

HV network Tennet

high temperature heat
network

|Source to Best |

|t0 consumers |

low temperature heat
network

gas distribution

@

existing infrastructure
Enexis

feed-in for new sources

bio mass distribution

electricity consumption@

insulation

reduction

)
gas
storage
bio mass bio mass@_ﬂ bio fuel-based transport ‘
sources distribution
v ¥
bio mass bio mass
processing storage
Other sustainability functions and options
waste waste ‘Hwaste recycling ‘
reduction collection
food sources| _|food 4>|food consumption |

"|distribution

car charging

Gnternal )

(external wrapping )

Iresidential |

Ipublic |

Ihigh speed |

demolishing and
rebuilding

water consumption

¢
food
storage
rain water rain water
collection infiltration




Best Duurzaam Concept Assessment

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3conceptAssessment Version 0, March 24, 2019

Assessment Criteria

PESTEL
e Political e Technical
e Economic e Environmental
e Social e Legal
Political Economic Social
e CAPEX affordable for all
e OPEX participation by
. all
e timeto
deployment disruption of
o life time LTIl
. side effects
e risks )
(e.g.noise)
e viable business
model
Technical Environmental Legal

readiness level
complexity

competence
level

effectiveness/
performance

robustness

foot print

impact on flora
and fauna

fits in current
legislation

Concepts that need assessment

solar PV panels
wind

industrial rest heat
heat pumps

Geo Thermal

high T heat network
low T heat network
(internal insulation )
(external wrapping )

demolishing and
rebuilding
hydrocarbons (biogas)

Hydrogen
bio mass




Best Duurzaam Back of the Envelope estimates

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3backOfTheEnvelope Version 0.1, May 12, 2019

Heat Pump
cost per house in k€
incl. install
incl VAT
heat pump in&out 11
mounting material 1
installation 6
16kW heat pump 18k€
average gas electricity
consumption per consumption to
house in Best replace gas
1430 m3/yr (SCOP 3)
~13 MWhlyr ~4.3 MWh/yr
advantages: disadvantages:
e energy e installation
efficiency effort
e independent of e initial cost
other houses e acoustic noise
e space for
equipment

High T heat network

Low T heat network

GeoThermie

1 doublet, 2km depth, 300 m3/hr salt
water of 80°C up 20°C down
construction costs 15 a 20 M€
plus construction heat network

heat production:
300 * 10° g/h * 60 °C * 4.2 J/g/°C
~=80 GJ/hr ~= 24*365*80 GJ/yr
~= 700 TJ/lyr

unknowns
energy consumption of pumps
OPEX
environmental impacts

advantages:

e compatible with
old houses

e |ow cost/house

e |ow space use

disadvantages:

e costly
infrastructure

e limited
individual
control

o efficiency?

advantages:

e compatible with
old houses?

e individual
control

e energy efficient

disadvantages:

costly
infrastructure
immature
cost/house
space for
equipment

advantages: disadvantages:
e compatible with e costly
old houses infrastructure
e immature
e corrosion

https://www.nrc.nl/nieuws/2019/06/14/
een-waterput-om-je-huis-te-verwarmen-a3963783

residential Solar PV system

cost per house in k€ excl VAT
incl. install
16 panels 340kWp 3.7
optimizers 0.7
inverter 1.0
mounting material 1.0
installation 1.0
PV system with 16 7K€
solar panels, 5.4kWp

electricity production ~4.5 MWh/yr

~26 m? roof space
yearly energy production solar:
173 KWh/m?/yr

Hydrogen

advantages:

e compatible with
gas
infrastructure

e individual
control

e seasonal
storage

disadvantages:

e very immature

e cost/house

e space for
equipment

Bio mass

energy density (dry) wood: 5.3 kWh/Kg
https://nl.wikipedia.org/wiki/Energiedichtheid

wood production 1.1 to 1.5 Kg/m?/yr
https://www.agriholland.nl/dossiers/biobrandstoffen/
agrarischesector.html#hout

yearly energy production wood:
~7 kWh/m? (4% of solar)




Best Duurzaam Solar Opportunities

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

Solar PV commercial and residential areas

BDRA3solarOpportunities Version 0.1, September 29, 2019
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> > Utility scale Country side
Commercial ca 1.5 km Residential ca 6 km Best has about 10km motor way Rough count of larger sheds and
building area 25% building area 15% assume that 200 m at both sides isa | | stables 50
parking area 10% used for solar 50% good option for utility scale solar. roof area per building 250 m?
used for solar 50% km?  MWipeac GWh TJ assume that only 2.5% is usable assume that 50% is usable
km®  MW,eax GWh TJ 0.45 90 74 267 km?  MWpeax GWh/yr — TJlyr km®  MWpea GWh/yr — TJlyr
0.26 52 43 155 | alternatively (Reinier ten Kate) 1 0.1 20 16.5 59 0.006 1.3 1.0 4
12500 houses, 20 m*house 0.25 km?
input data Total potential solar PV TJ/yr
Woeak 0,2 kw/m? Commercial 155
Wpeak to kWh/yr 0.825 Residential 267
Utility scale 59
Country side 4

N6.

Solar PV utility scale and country side
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Best Duurzaam residential heating and insulation; technical

Author: Gerrit Muller, contributions from many Best Duurzaam and working group strategy volunteers

BDRA3heatingTechnical Version 0.2, February 26, 2022

conceptual model of heating of a house

H .
/rrao',;a tion

roof insulation

Eel consumption i ETH consumption
devices 1 o
airtight
EeI ventilation ventilation E
heat recovery glass insulation
recovery roof +
Ee heating heat EtH loss windows +
walls +
pump ETH heatin Ti T, floor +
V and/or 14 air
NG gas
l heater wall insulation
house
floor insulation
the related formulas insulation
gas heater Ery heaing ~= Ve [M3] * 10 kWh therm;l_rzs/ls;ance
heat pump ETH heating = COP(TO) * Eel heating material A R5CITI
COP(Ty) =Ca*To+Cp PUR (wall) 0.023 2.2
PUR (roof) 0.028 1.8
Ety consumption = Cth * Eel consumption glass wool 0.035 1.43
wood 0.18 0.28
AT=Ti-T, concrete/stone 1.5  0.03
W/mK  m’K/W
Ety heating = EtHloss = ETH consumption glass u m gglass
Ett1oss = Cioss * AT * t single 5.8 0.18
double 2.8 0.33
double HR++ 1.1 0.83

estimating coss for @ medium isolated house
based on data of Gerrit’s house

January 2021  |month [MWh]
T, =3.1 Eeltotas = 1.56
Ti =18
cn=1 hour [kWh]
Cl =01 Eeltotal = 2.09
Cz = 2. Eel consumption = 0.3
i Eel heating = 1.44
R = 2 (medium) |Z° 9
( ) Ery heating = 3.63
Cioss = 0.244
kWhry °C*hrt

triple HR++ 0.5 1.6

poor insulation R ~= 1

e e.g. 3 cm glass wool;

e build before 1987

medium insulation R ~= 2

e e.g 6 cm glass wool;

e 1987-2007

well insulated, R ~= 4

e e.0.10cmPUR

e 2007-present

very well insulated, R~=8

e e.0.20cmPUR

e not mandatory yet

https://bouw-energie.be/nl-be/bereken/
r-waarde-isolatie

https://glasherstelhermans.nl/
isolatiewaarde-glas/

energy consumption for heating over a year

15 A ° yearly energy consumption for
10 e heating as function of
§ thermal resistance
5 EI .
* ]
1 2 4 —R-» 8
20 average month temperature
1A in Eindhoven
s
| normal
10 —

10 year
minimum

https://weerstatistieken.nl/eindhoven

JFMAMJJASOND

MWhe)/month—»

e

normal energy consumption f
<
 poorly insulated (R=1) | 5
medium insulated (R=2) | &
~ Wellinsulated (R=4) | E
\‘Ey vﬁns@d (R_=8)
- 500

JFMAMJJASOND

—MWhg/monthe

10 year minimum

i energy consumption

m> NG/month—»

—500
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Heat Network Scenario Wilhelminadorp Author: Gerrit Muller, contributions from many Best Duurzaam volunteers BDRA3heatNetworkScenarioWilhelminadorp Version 0.1, April 28, 2019
energy for total
total heating and loss/yr/
total thick pipe total thin tapwater house loss as
section houses (m) pipe (m) MWh/yr MWh/yr percentage
1.total 48 677 249 1053 1,99 16%
2.total 38 689 258 1093 1,97 15% P 7
3.total 40 685 249 1049 2,01 16% e Z
4 total 31 728 276 1171 1,95 15% X
5.total 35 609 255 1062 1,82 15% Ner g
total 192 3388 1287 5428 \
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Low Temperature Heat Network

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3lowTempHeatNetwork Version 0, July 8, 2019

Heat sources according to Dutch heat atlas

$ g |88 .35 a supermarket anno 2030

S| T |geE|lgacE new, well insulated cooling cabinets

c O @© o €E 3| o € 3

VU ] S5 o S o
data warmteatlas.nl °3 Solges|gex all 6
retrieved 8-7-2019 88| s5g|582|582 1 supermarket supermarkets

Ti/yr Ti/yr Ti/yr Mwh/yr | | produced condense heat: 2.5 15.0 TJlyr
Plus Heivelden old cooling? 7,9 10 2,4 657 | MT heat: 3.2 19.2 TJ/yr
AH Wilhelminadorp |old cooling? 7,9 10 2,4 657| | extra energy Heat pump 0.8 4.8 TJ/yr
AH centrum new cooling? 3,9 5 1,2 328
— . .

Plus Centrum new cooling? 18 23 06l 153 |50, by using ~5 TJ/yr, we can generate about ~20 TJ/yr heating
Lidl, Aldi ontbreken
total supermarkets 21,5 27,3 6,5
Rendac 96 249 59 o3 Note that other sources indicate ~86 TJ/yr for Rendac




Darling-Rendac, exploration of using Climeon to transform rest heat into electricity Author: Gerrit Muller, contributions from many Best Duurzaam volunteers BDRA3climeonRendac Version 1.1, January 19, 2019

@ System level block diagram Assumptions, limitations Explanations
i . This A3 explores how the Climeon system may transform rest heat into
gnored: - ) X : . )
« Operational cost electricity at Rendac in Son. Purpose is to understand this option and to find
AMW - . out what questions we need to ask. Feedback is welcome. Blame Gerrit for
o effect of climate change (higher temperatures)
120 hours/week electric power e warming up of Wilhelminakanaal
50 weeks ~2.4 GWhly e energy use of auxillary systems
24 GWhly 0.5 MW peak ¢ potential subsidies

rest heat

water 70-80°C

1

waste water Where does the heat go that flows back into the canal?

Rendac Climeon Twaste? Ecolg Max

Ewaste + . ~3'7MW

Eeoig = ? to air ~13Gj/h

~21.6 GWhly
ATco? ? to canal <j Wilhelminakanaal |:> ? to canal
Wilhelminakanaal
? to ground

Climeon data from https://climeon.com/wp-content/uploads/2017/04/Climeon-Tech-Product-Sheet.pdf

mistakes.

1 provides a high level block diagram of the concept
How does the rest heat leave the system? How much is hot waste water,
how much is the cold water warmed up?

2 the efficiency of the Climeon system depends on tpo and teoiq

3 the P, also depends on tho and teo

4 We need the efficiency and Pyt @ thot = 70..80°C as function of teq
between 0 and 30°C, we derived a linear relation from 2 and 3

5 KNMI.nl provides the temperature per month for the regio Eindhoven
we assume that the water temperature follows the air temperature

6 Combining 4 and 5, with the data from 1 gives the energy per month

7 cumulating all months in 6 gives the produced electric energy per year

8 we use 4 to calculate the required #modules at worst case conditions,
which is when teg = 30°C; it also shows Emonn @ 30°C

9 cost = #modules * cost/module + installation cost
income per year = Eyear * priceiwn
ROI = cost / income per year

10 we have simplified a lot, here are some limitations

11 warming up of the canal has a big impact on environment and efficiency
of the solution. Where does all the remaining heat go?

12 to get a feel for the impact, we estimate how much a stretch of 100m
of the canal gets warmer per hour or per day, if all rest heat stays in the
that part of the canal.

13 shows the impact of canal water that is 3°C warmer than the average
air temperature

NET EFFICIENCY @ 40 /s hot volume flow, 150 kW module OUTPUT @ 40 /s hot volume flow, 150 kW module tch \ — effic‘iency E\‘;Uv‘
1 @ B 160 @ 10% \ ~| == Pgmodule 100
P T 140} 4 \\
12} - // i
=10/ i ) Vs 1 -~ \
= G 100 . seell
é ] /1 E e ) . i ..~.~... \ 5
- ooling e 7o oolin, 0 <
3 / / Tfmpl.[[“gc‘] 5 60~ ‘.% .'~.._
6 / 47 ; g 7; ..
/ —w m —
[ —15 —15
: =t =-
—3 | | —30 |
%0 70 80 90 100 110 120 %0 70 80 90 100 110 120 0 0 0 0
Waste Heat Temperature [°C] Waste Heat Temperature [°C] 0 10 20 30
Electricity production in Eindhoven area thm@ MWhly @ Cost and Income
@ MWh/month 70 2354 Cost/module 350 k€
0 75 2460 install cost (wild guess GM) 300 k€
@ average temperature Eindhoven 1951-2012 0 80 2566 eleCtnCIty price 0.05€/kwh
igg “ \_\_// #modules, Emonth .
16,0 150 @ worst case income ROI
14,0
: t #mod cost k€ k€l ears
12,0 100 :8> (tc0=30°C) ! v
10,0 70 7 2750 118 23.3
8,0 thot #mod MWh/m
6,0 50 75 6 2400 123 19.5
20 70 7 106
20 0 80 5 2050 128 16.0
0,0 jan feb mar apr mei jun jul aug sep okt nov dec 75 6 119
jan feb mar apr mei jun jul aug sep okt nov dec —70 =75 80 80 5 132

@ Estimate of warming of canal water

ZOrV /X 2m
< 100m >
Vywater = 100 * 20 * 2 = 4000 m®
Muater= Vwater * 1000 kg/m3
Cwater = 4.2 J/gK
Ein = 3.7 MW/h * 3600 = 13.3 GJ
AT = Pin / Muwater * Cwater
=13.3*10°/4*10°* 4.2
~=0.8K

this stretch of the channel would heat
0.8 K /hour if no heat escape or 20°C/day

It is crucial to understand how the heat dissipates
via the waste water, or from the canal to air, the rest
of the canal, and the ground.

What if toqis 3 degrees warmer?
income ROI

thot MWhly  k€ly  years
70 2193 109 25.2
75 2306 115 20,9
80 2402 120 17,1




Best Duurzaam residential heating and insulation

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3heating Version 0.2, February 26, 2022

major technical questions:
what is a good heat pump source
e brine (at what depth?)
e air conventional
e air PVT

what rest heat sources and how to utilize?

major technical issues
acoustic noise heat pumps
electric grid capacity; winter peak load
grid resilience

major legislation issues
allow wrapping with neighboring houses
regulations promoting stone
regulations for shared heat pumps
regulations for “vereniging van eigenaren”
supply guarantees

social acceptance is
the major challenge

social economic needs
e home owner consultancy that makes a home
specific integral feasible plan that contractors
can execute

social economic drivers

e comfort

social economic issues
transition cost for home owners without own
equity
cooperative solutions (e.g. brine heat pumps,
rest heat)
system life time of intermediate steps
installation capacity
system life time of intermediate steps
installation capacity

e healthy inner climate

¢ financial incentives (prevent backfiring, e.g.
just satisfying checkmarks) .

social economic goals
e sustainable behavior and life style
e ownership from individuals
¢ inclusive engagement

conclusions
insulation has highest priority
for existing houses
e ‘“in-house” from poor to medium
e “wrapping” externally from medium to well
for new houses
e mandate R=8
e stimulate wood i.s.0. stone and concrete
add ventilation heat recovery
long-term transition to electrical heat pumps
long-term heat air i.s.o. water
heat networks only 5™ generation as niche for
rest heat




Best Duurzaam residential geothermal; technical

Author: Gerrit Muller, contributions from many Best Duurzaam and working group strategy volunteers

BDRA3geoThermal Version 0.1, March 6, 2022

geothermal in Brabant

geothermal gradient in the Netherlands: 30 °C/km
this is low enthalpy geothermal heat
depth temp® Cost of drilling?

10 m
1km
2 km
3 km

10°C

40°C 1 M€
70°C 5.5 M€
100 °C 14 M€

Temperatuur in °C

. 95 - 100 75-80

90-95 N 70-75
85-90 NN 65 - 70
80-85 M 60 - 65

"~ Hoofd-Bontzandsteen Subgroep

1 https://www.geologievannederland.nl/ondergrond/afzettingen-en-
delfstoffen/aardwarmte

2 https://edepot.wur.nl/5772

geothermal formulas,
technical and economic

Ein = AT * V * Cuater * tauration

Cwater = 4.2 kJ Kg™ °C™*
AT = Tsource - Tinjected

COStgas(t) = Pgas * V *

COStgeo(t) = CAPEXgeo + COSte(t) + OPEX(t)
coste(t) = Per * Eer * t

benefit(t) = costyas(t) - COStyeo(t)

ROI: benefit(tro) = 0

application: heating green houses
location: Bleiswijk, the Netherlands

per hour per year
depth: 1700 m
temperaturesource: 60 °C
temperatureipjected: 30°C
volume: 150 12000 m®
heat production: 5 40000 MWhy,
electricity consumption: 275 kWh 2200 MWh
COP: 18

gas equivalent 4*10°m?

Example Case van den Bosch nhttps://iedepot.wur.nli5772
Pgas COStgas ROI
3
€/m Mé€lyear year  ove -
0.1 0.4 40
1 4 2.2
2 8 1.1
electricity
€/kWh Mé€lyear
0.1 0.2
CAPEX_8M€ -10M€ -
OPEX ignored

concerns

e what is the environmental impact
of drilling, penetrating geological
layers, and extracting this amount
of heat?

e detailed knowledge about
geological layers Is missing,
resulting in drilling and exploration
risks.

e brine water may contain sand and

other polluting particles, increasing
OPEX, decreasing reliability

e Best may lack the proper
sandstone layer

conclusions

geothermal with current gas prices is
obvious for agriculture

geothermal for residential heating is
more challenging, because:

¢ needs high source temperature
(=expensive)
e requires costly heat network

¢ heat network losses at high
temperatures

¢ mostly needed in winter months
only elevant for high density buildings?

more links (thanks to Harry Brugman)
https://www.youtube.com/watch?v=b_WaeH3undlI
https://www.geothermie.nl/index.php/nl/geothermie-
aardwarmte/wat-is-geothermie/22-geothermie/wat-is-
geothermie/66-glastuinbouw
https://www.triaswestland.nl/project/de-proefboring
https://www.youtube.com/watch?v=2Yx00PHDtaQ




Best Duurzaam Air-air heat pump technical Author: Gerrit Muller BDRA3airAirHeatPumpTechnical Version 0, December 31, 2022

conceptual model of an air-air heat pump functional model of an air-air heat pump
Efan out Efan in control
. )
A 4 A 4
move air = Lan out move air
H Troom
Ecompress Wfan in Erelease Eexpand
% Tair out Tw out fan ; ; ;
compressor Y
V Wair out harvest heat |/raest | increase Wiq Wretour _ Wietour
# from air temperature release heat =3 cool medium 1
cooling surface T, heating surface Ty medium
A Theat v \ Wheat '
fan = Lharvest Lharvest I—compress Lheat Lexpand
expander & transport transport
% Tc out Tc in control
Tair in
house
ideal thermodynamics model in formulas measurements of heating surface )
°c T manually (very coarse) with a Voltcraft
) =1-T./T a infrared thermometer on a Panasonic
Pa hize) el th 60 7 % TZ CS-MTZ50TKE 5 KW inside-unit
COPigear = T/ (T~ Te) = Wheat/ Enp 50 4 |
https://courses.lumenlearning.com/atd-austincc-
physics1/chapter/15-5-applications-of-thermodynamics-
heat-pumps-and-refrigerators/ 40
ca.l
30 - m?'n high capacity heating
Enp = the thermodynamic energy that we ’ with high air flow moderate heating with low air flow
need to add during the cycle ~= Ecompress
Enp = Wheat/ COPigeal cop 5 guantified exploration
flyer =
= Eexra = all energy that we need to add to yero .
A Carnot cycle illustrated on a PV diagram to illustrate the really make the cycle work, e.g. for the CEaEE ver ol moqe{ate
maintain
work done. 1-to-2 (isothermal expansion), 2-to-3 (isentropic fans, pumps, and controls. We also add assuming @T.=7°C @T.=-20°C @T.=0°C
expansion), 3-to-4 (isothermal compression), 4-to-1 energy to compensate for all losses. T © 35°C T i 60°C T ° 4590
(isentropic compression). E_ = the total electri ing int Wheat = SKW h= h= h—
https://en.wikipedia.org/wiki/Carnot_cycle#/media/ in = the total electric energy going Into . COP =5 COP =286 COP=3.75
File:Carnot_cycle_p-V_diagram.svg the heat pump gives
https://en.wikipedia.org/wiki/Carnot_cycle Enp 0.45kW Epp 0.71kW
https://en.wikipedia.org/wiki/Rankine_cycle Ein = Enp + Eextra COPigeas = 308 /28 = 11 Eexra 0.55KW Enp 1.2kW
Eextra 0.55kW
. Wheat = the energy actually heating the En =5/11 ~= 0.45kW Eextra 0.55kW
A Carnot cycle assumes that the temperature increase hohJ;te o y g & e
and decrease of the heat and cold reservoirs is Ein = 1 kW to Wheat
insignificant; that is not the case for air-to-air or air-to- W, = the energy harvested from the air _ _ Wair Wair produc 5kwW
. . . Eextra = 1 — 0.45 ~= 0.55kW 4.5KW Wair
water heat pumps. For engines a Rankine cycle is W = Weri - E 5 3.25K 3.75kW
more realistic. S W, = 4kW -25kW
COPrea = W, Enp + E
real = Wheat / (Enp + Bexra) other use cases assume Eeya CONstant




Best Duurzaam Humidity and Inner Climate Author: Gerrit Muller BDRA3humiditylnnerClimate Version 0.2, December 31, 2022

conceptual model of humidity flow of a house Dew point temperature Potential measures to prevent condensation:
Saturation Fraction of Water in Air at Sea Level 40
+0% 35 Relsive e Insulate all cold spots, so that they sFay above Tgew .
Humidity (40) This is the most fundamental solution

Insulation must be at the outside to prevent
e Lower relative humidity hidden condensation between insulation and

30 | — 0
30% » g

T
>
2
©
3]
n
%
5 @
- E g 25 cold surface
5 e
i £ % 20%  20]
active ZE g « close off open water (toilet, sinks, etc)
e q . IS B
dehumidifier ventilation cg E 15 ]
o
B2 0%
Tetor S 0 10y . L . -
absorber €= AP g8 y E e use an active dehumidifier This will increase the energy
RHi, (%) 5 g consumption somewhat
Tair out T oo 1ee g
Tsurface RHout (%) % o 41 2 0 2 k2 0Ll I 8 P ! . e Uusea passive dehumidifier This requires regular human
. n Temperature C o 5 10 15 20 25 30 35 40 int
humidity producers ) Air Temperature  T(C) maintenance
. condensation creeping in https://en.wikipedia.org/wiki/Dew_point#/media/ https://en.wikipedia.org/wiki/Dew_point#/media/ . L .
["W i water, 6.0, File:Dewpoint.jpg File:Dewpoint-RH.svg e ventilate This will increase the energy co_nsumptlon for
- evaporation from rain. heating somewhat
=150 =500 ~=50 . .

Y house | orground https:/ien wikipedia.org/wiki/ f”‘t Tairin=15°C, RHin = 50%, Tdew =5C e Increase Tarin This will increase the energy consumption for
problem: Dew_point if Tsurtace < Taew, then water will condense on the surface. heating significantly
condensation of water may cause rot and mold https://www joostdevree.nl/  |In this case, when Tsutace < 5°C We will get condense . : ; -

o ' ' e Do this very local onl reducing the required additional ener
which is a threat for human health and the house shtmis/dauwpunt.shtml y Y 9 q 9y

some examples of undesired condensation

Example of frozen condensed water in an unheated
room with an old double glass window

Example of condensed water in a bath room at 7°C, -
17°C outsdie with an old double glass window

https://www.energyvanguard.com/blog/bad-advice-about-indoor-humidity-in-cold-weather/




Best Duurzaam Insulation

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3insulation Version 0, March 26, 2019

Wilhelminadorp
Kantonnier

Batadorp

Eindhoven Airport
at ~2km distance

Insulation level per neighborhood

Breeven
=\

Steegsche Velden

Centrum
HogeAkker Rendac

De Leeuwerik

legend

| countryside |

. industrial |

residential
[before 1981 0.4
11981-1987 1.3
[1987-1992 2.0
[1992-2007 2.5
[2007-2015 35|
[since 2015 4.5

Rc in m*K/W
from: Joost Muller
Veldhoven Duurzaam

Speelheide

ammmOotorwa )y

PV-farm

0 1 2 km




Best Duurzaam motivation and acceptance; how we get people moving?

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3motivation Version 0, July 27, 2022

The threshold to come to action for citizens

variations between citizens

Concluding questions and comments

How to increase the scale while maintaining
trust?

Help individuals with tailored advise, sufficiently
complete

One person directing (“regie”) the execution.

Relation between municipality, polticians, and
civil servants

How to translate this is in “ready-to-go” advise for
the municipality?

Organize an energy market (e.g. as Udenhout)

e Quotes from obstacle brainstorm
e it's not worth it to me anymore
e what is the financial benefit for me?

¢ my home is not fit for sustainability
improvements

e where do | start

e shirking planning and execution

¢ | have other things on my mind now

o It will lower my comfort

e Advise isn’t independent

e unknown is unloved

e Building cooperation tax blocks insulation

e Now | must do something

e Overload (of what can and must)

e Mind set change required

e t00 many options

e too much information

e lack of trust in technology

o (lack of) trust in the municipality

e lack of trust in contractors

e lack of insight and understanding

o lack of money

e defeatism

e waiting for externalfactor, e.g. advise from
municipality

e not seeing the big picture, e.g. how issues
relate

citizen type what motivates and helps them .
We have to help citizens Anneke: lack of knowledge
through this phase. bad house needs unburdening .
high gas price house is unfit for change
easy who to trust? professionals BD OF?{:::: needs unburdening °
overseeable what to chose? doing the job Vo house is unfit for change .
house 1990
. + . .
BD advisers ggtagg:dplﬁouse reduce inheritance tax when o
i ( ) double income improving sustainability
concrete stepwise plan .
e U YT EUEE good neighbor reference
. . o new house
idealtrigger explore > and plan order » execute show examples
concrete stepwise plan
reliable information
tseoeﬁ; rT;?sther, E success story showing benefits
: Iimitec? mone suitable business model
architect contractors y low cooperation thresholds
inform and support
consultants regulations suppliers f;::gg?n?gfn\':;gnplan
i b 40-50 yr couple good neighbor reference
_omer suo- >= 2 studying kids | success story showing benefits
inhabitants contractors Sl BUSiTess meckE
inform and support
— - ??unreadable
sustainability stakeholder field concrete stepwise plan
< . "
Yto?jng’ et success story showing benefits
European inhabitants Best studying focus on community
national Duurzaam recruit via cooperation
rovince - -
P : T Quotes from solution brainstorm
CO) cooperation consultants ensure easy access to clear information,
municipality in many forms, e.g. face-to-face, brief
videos, simple website, signpost, info
eldermen Rarang contractors sessions
cooperations customize information for specific
stakeholders
legend
civil = go to people
servants council water authority providers political Sell health and comfort as major benefits
economic ensure independent advise
| and medi tailored advice
small and medium i i
schools enterprises provide real examples
political parties technical prov?de insight in big picture and
relations
Policians care providers| | farmers




Best Duurzaam personal footprint CO,

Author: Gerrit Muller

Version 0, June 12, 2022

CO2 footprint for typical Dutch family (2021)
family of 2.2 persons  Kg CO,/yr %

clothing and “stuff’ 6500 33
residential energy 3700 19
transportation land 2300 12
transportation air 1400 7
food and drinks 4200 21
miscellaneous 1700 8
total 19800

https://www.milieucentraal.nl/klimaat-en-aarde/
klimaatverandering/wat-is-je-co2-voetafdruk/

transport

gas + train
100 +120

gray electricity
dependent on mix:
0.48 Kg CO,/kWh
0.63 Kg CO,/kWh

short flights
7 * Europe 2720

Transort cost containers Shanghai-Rotterdam person transport
modus Cost[$] time[days] distance[km] Kg CO2| |flying g/km
ship 4000 35..55 20.000 757 | |short distance 251
train 8000 15..28 11.000 125 | |long distance 195
plane 32000 5.. 8 9.000 49.500 | |train 41
NRC Handelsblad ZATERDAG 16 APRIL 2022, CarbonCare.org car, 5//100km 120
food and drinks Kg CO./Kg

butter sandwich filling 9.25 potatoes carbohydrates 0.18
cheese sandwich filling 12 bread carbohydrates 1.2
Humus sandwich filling 6.4 rice carbohydrates 1.8
peanut butter sandwich filling 8 wheat flour carbohydrates 0.9
salad sandwich filling 6 pasta carbohydrates 1.5
wine drinks 2 musli carbohydrates 1.7
tea drinks 0.16 cake luxury 3
coffee drinks 0.3 kidney beans legumes 1.5
Vegetarian sausage protein 4.3 chickpeas legumes 6.2
tofu protein 3.2 mayonnaise sauce 5
vegetarian slice protein 3.3 beef meat 26.6
vegetables fruit, vegetables  0.37 pork meat 7.4
grapes fruit, vegetables 1.1 chicken meat 6.5
mandarine fruit, vegetables  0.47 fish meat 6
pear fruit, vegetables 0.6 yogurt dairy 2.2

CO, emission data Kg CO,/Kg Kg CO,
production textile 13.6 small car (Citroén C1) 6000
transport textile 1.4 medium car (Mondeo) 17000
paperback 2 large car (Landrover) 35000
Kg CO, PV panel (1.7*1m?) 31

shoes/pair 4 Kg CO,/kWh
laptop/piece 250 Li-ion battery 73
AA battery 0.1

household equipment 300

Sources

https://www.milieucentraal.nl/klimaat-en-aarde/klimaatverandering/wat-is-je-co2-voetafdruk/
https://www.rivm.nl/sites/default/files/2021-02/Database%20milieubelasting%20voedingsmiddelen%20Beveiligd. pdf
https://ce.nl/publicaties/milieuprofiel-van-stroomaanbod-in-nederland/

https://vandebron.nl/blog/co2-compensatie-hoezo-eigenlijk

https://www.robeco.com/en/insights/2020/02/short-haul-flights-are-the-worst-offenders-for-co2.html
https://www.textilia.nl/220-gram-textiel-geeft-footprint-van-11-kilo-co2/
https://nl-nl.allbirds.eu/pages/allbirds-adidas-futurecraft-collaboration
https://phys.org/news/2011-04-factory-energy.html https://www.apple.com/environment/pdf/products/notebooks/14-

inch_MacBook_Pro_PER_Oct2021.pdf

https://pdf.sciencedirectassets.com/306234/1-s2.0-S2351978920X00072/1-s2.0-S2351978920307794/main.pdf
https://www.penguin.co.uk/articles/2019/jul/sos-climate-change-things-you-can-do-daily-life-home.html

https://mobly.be/nl/wiki/co2-uitstoot-auto-berekenen

long flights
1* USA 2340

1t
U

me

-

3780
beef
553

chicken&pork
429

humus 166

yogurt 114

carbohydrates 265

fruit&vegetables 170

rest 303

food & drinks

mostly
heating

800

2000

1960

220

5060

\
8010
Kg CO,lyear

electronic
devices and
household
equipment 581

books 132

clothing&shoes 132

rest 155

PV 94

electric car
“depreciation”
over 10 years
863
(battery 263)

clothing & stuff

prevention
grey electricity

grey electricity

supplied

electricity

5940 kwWh
*0,63

3740 Kg CO,

delivered back
electricity
-12020 kWh
*0.48

-5770 Kg CO;




Best Duurzaam exploration biodiversity

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3bioDiversity Version 0, August 1, 2022

Quotes from problem exploration
dehydration
reduction of number of (wild) animals, plants
reduction of insects

exotic species threaten/supplant native
species

reduction of species threaten other related
species (chain reaction)

areas are fragmented and disconnected
gras areas

pollution and exhaustion of soil

pollution of water and air

poisons and pesticides

climate change

crisis

garden and borer srunning wild not accepted
by all citizens

reissuance from inhabitants against change

Spectrum from running wild to fully cultivated

o
IS
> 3 S
N S 5 &
N S 8 S
& & < & N
N § S N S
§ N S g S
N & < S
- -
—P

preferred in town
good for biodiversity

Quotes from solution brainstorm
develop new neighborhoods for biodiversity

Municipality should define framework and
provide direction

varied planting new neighborhoods

small gardens in favor of collective parks
connect green areas in town and countryside
less tiles and pavement

get rainwater into the ground rather than
sewer

high density building to save more area for
nature

low density building to allow (connected)
nature between houses

influence municipality for more varied
borders

maintenance with focus on biodiversity
maintenance by citizens

employers providing pubic transport card to
employees (e.g. Decathlon)

visible biodiversity at primary schools
education and communication

free rain barrels, insect hotels
vouchers for various plants

Concluding questions and comments
¢ Municipality has many different interests
e It may outsource maintenance
e select limited areas for ground bound solar




Best Duurzaam, exploration water, background and problem Author: Gerrit Muller, contributions from many Best Duurzaam volunteers BDRA3water Version 0, December 22, 2022

Waterschap de Dommel Brabant Water, drinking water Problem exploration Quotes from solution brainstorm
e e B ooooid precipitation .
https:/lwww‘dommel.nllwerkgebied pompstations voor de drinkwatervoorziening .
e e decrease in summer
“sarogenvosch ——— boringsvrije zone
- Osewage treatment e increase in winter

(Rwz)) e increase of probability of intense downpours

e increase of droughts

» e many roofs and streets discharge in sewer
. ||water quality

: e chemical pollution

e biodiversity

clean water consumption

e increase due to growing population

Best

Alphen-Cham

Baarie-Nassou
#

Consquence exploration
precipitation

© oo groundwater level

Belgium part copied from

o buffer water for use during droughts

https://nl.wikipedia.org/wiki/
Dommel_%28watergang%29

) [B51B1750-001, Stijghoogte V| -

o sufficient buffers to prevent flooding Concluding questions and comments

Waterschap de Dommel temmg) o o 7> o redirect water to land rather than sewer °
(https://www.dommel.nl/_flysystem/ V Kape|weg water quamy
media/folder-feiten-cijfers-wdd-digitaal.pdf) . .

e lower chemical emissions

cleaned wastewater: 0.1 * 10° m*/year peer

water consumption per person: 43.8 m*/year 2 2005  extend water treatment systems
i i e adapt to facilitate biodiversit
900,000 inhabitants () [B51B0295-001, Stijghoogte v] v p y
water consumption: 0,039 * 10° m3/year clean water consumption
Houthalen-
Helchteren e reduce individual consumption
Heerbeeck )
- - e use “grey” water where feasible
Background information
Brabant Waterland; Book with background information: 5 5 PR
https://www.brabant.nl/-/media/1fb7de40c9fb447386438923d82af8d6.pdf PreE'PLE‘;’“ﬁ,{} %demrls)\flﬁn ﬂv e{&ggpo\é%{ %9\, yg?{ef, _yearly precipitation
https://grondwaterstand.brabant.nl/ 1904 660038 6 48 43 70 68 65 64 60 63 8 730 Eindhoven 1985-2022
Brabant . . - . . 1995 74 46 66 42 46 62 67 57 68 60 59 81 727 . X
. At this moment, the minimum rising height gets lower over time, 1996 62 51 59 37 45 59 67 63 66 58 63 74 705 preciptation mm
average extraction of ground water per year however it seems to recover still during the wet season. 1997 59 56 52 39 49 60 61 62 63 54 57 76/ 68 min 563
f icult | . 70 * 106 - i . . . X 1998 52 50 49 46 45 72 i) 62 71 64 62 73 698
LIRAgICILICIIOINA YIS, g The lower minimum may be problematic for biodiversity, for instance 1999 60 52 48 4 52 72 52 0 71 59 6 78 72 max 955
: f . %108 m?3 i ; 2000 60 51 52 44 57 69 63 69 72 65 68 77 745 average 745
for agriculture in dry years: 100 to 200 * 10° m when fens and shallow pools and lakes dry up during spring or summer. oo e OB v R < BT 8
for drinking water and industry: 240 * 10° m° 2002 65 65 56 46 57 65 73 66 81 65 62 82 78
. ) 2003 64 64 59 49 59 65 69 66 72 67 63 77 773
extraction of ground water during droughts per day: 2004 66 67 53 47 59 63 81 68 66 65 66 72 774
. . o 6 3 2005 58 67 48 50 57 61 89 71 62 66 71 71 771
for agriculture: 2.0*10°m 2006 58 72 53 54 60 61 8 69 60 67 69 73 786
. . . 2007 70 70 56 50 61 60 95 70 63 66 72 75-
for drinking water and industry: 0.66 * 10° m® (p75) 2008 71 74 56 46 64 51 100 73 51 56 69 72 784
2000 66 73 55 47 59 51 102 69 48 61 78 67 776
Water inlets 2010 65 70 55 44 58 47 95 78 Sl 574 80 67 768
N . 2011 65 70 48 39 59 51 90 85 39 58 74 72 750
Brabant’s brooks and streams can be filled through 2012 68 60 46 41 62 56 93 84 43 59 68 75 754
e the canals 2013 65 63 47 60 57 8 84 49 61 72 72 757
2014 60 61 4SE 66 56 89 90 48 63 68 75 756
& water treatment SyStems (p77) 2015 64 57 66 54 84 94 52 64 68 75 755
2016 72 57 47 64 71 85 85 53 60 69 70 766
who pays what: https://iwww.dommel.nl/tarieven 2017 66 55 47 57 65 8 8 55 62 70 73 754
. . . 2018 70 52 46 39 58 60 75 83 54 60 68 81 745
visualizations of Brabant Water: https://www.brabantinzicht.nl/toestand-natuur- 2019 71 51 49 38 59 62 69 8 58 61 61 8 743
water-en-milieu/water/ 2020 71 60 49 35 53 72 69 72 54 62 55 8 736
2021 74 59 53 38 58 75 70 66 54 65 58 74 745
202 68 67 52| 34 55 77 60 61 60 61 60 69 723
source: ROYAL NETHERLANDS METEOROLOGICAL INSTITUTE
knmi. )_370_rh24.txt




Best Duurzaam, exploration water buffer Author: Gerrit Muller, contributions from many Best Duurzaam volunteers || BDRA3waterBuffer Version 0.1, November 12, 2023

conceptual model of water flows of a house
options for water storage, reuse, infiltration or disposal

sizing considerations
Eindhoven precipitation  preciptation mm

grey water system between 1984 and 2022  min 563
rain barrel 0.2-2m®  empty in winter max 955
water tank 1 — 15 m® forst free average 745
water cellar 10 — 100 m® forst free example case
bag in crawl space 5 — 15 m® forst free _ house 60 m" roof _
infiltration box 0.1 —0.3 m®  forst free primary water area size 240 m” including house
wadi 5 — 15 m® drinking 4 inhabitants, using 44 m® / person /year
rain water sewer -4 water for toilet, cleaning, and washing machine 45 to 60%
ordinary sewer secondary water
- early water from roof 45 m®
https://gepwater.com/regenwater-opvangen/#huisentuin y . y W ” 3
T tropical shower (60mm) in garden 11 m

This family would need ~90m? rain water, e.g. more than
/] grey water the roof only.

ﬁ consumers
https:/iwww.mijnwaterfabriek.nl/nieuws/hoe-kan-ik-grijs-water-gebruiken
rain barrel grey water https://www.regenwater.com/gebruik-regenwater/watersystemen/
Wadl % System hOUSe regenwatersysteem
l
I I L\ — I : aantekeningen 6-11-2023
' ag In crawl space 5 a druppelslang
rainwater rain water : "
I e Gemeente: stedelijk waterplan
i Eilk e infiltration Industrieterrein afkopplen (grote daken,
box sewer veel water)
¢ bij stroomstoring backup nodig voor
wadi with shortcut to ground water water storage for rain water use grey water system toiletten
A rain water
wadi for garden and grey
; manhole | &N toilets water
soil . water q
e I I filter <€——""| PUmp use
5 A water
‘aE‘» ¢ pump
loam < A
used . . re
storage biological . grey
water : filter water
T~ cleaning
g_p—-: storage storage
ground water ggng |
https://www.regenwater.com/gebruik-regenwater/watersystemen/|
grijswater/grijswatersystemen




H eat StOrage Base Case Scenario

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDSTA3baseCase Version 0.1, October 22, 2019

context historic data ! functional model
} battery | E..
e 80 hOUSE‘S, Oldy Iarge, barely InSU|a'[ed year'y energy Consumpt|on t A ‘ grid
N [}
* country side per large old_house E convert light I%f".'a_r_ A V_Ee'ec"'c'z use electricity k> Lo
envisioned future: Eelectricity past = 3550 KWh sun into electricity :EtankHP EEhouser y electricity
o 3 A 4 v
e large storage tank Vigas heating = 3636 M Wiankhp Wheat Wheating
v — 288 m? Wair <»| heat water > store T(m) » heat water » heathouse M Lpeating
e heated during summer gas hot water = 266 M 7
i i Caas = 9 KWh/m?® Tground
* used during winter L Lstore W > use hot water > Lot water
e low temperature heat network to Csolar = 0,913 KWh/W ek hot water
houses capacity factor = 11%
https://www.linkedin.com/pulse/waarom-we-
e solar panels for electricity and heating S O B
schneider/
energy system in formulas base case scenario
| ! g _
| battery || nﬂggti on control Eetecticity = Eclectricy past 80 * 74 m” solar panels| tank: 65 * 65 *20m° | | COPunuip = 3.5 Nhouses = 80
l A i ‘ Wheating = Vgas heating * Cgas giSky/h/n]]_*l 6 2019 TSEI?)‘:ISQV:\L/;E]OC COPhouseHP =8
P B > P, .om, =k
Whot water — Vgas hot water * Cgas R ~=33 rT'l2 OC /W
> houses in=14°
solar panels > Esolar = Wheak * Caolar $mln -jéi 0%
: : el. consumers _ e —
SR SR 0 Wheat = (Wheating + Wi - E
b T " eg.light host = (Whaaing * Whotwerm) = Evcusete Ein Eout 1811 5
' : Enousertp = (Wheating + Whot water) / COPhousetip from air 0SS
: ’ i <t rid in 207 hot ta
; E heatmg EtankHP = Esolar + Egrid_ Eelectricity_ EhouseHP a/inter 196 WtankHP waterp
: Eqiq = €nergy in winter when solar is too
—>| heat pumpank hot tap water IO%/r\II heat pump /
L % g WtankHP = EtankHP * COPtankHP
B t'q Letore = Sian.cec A * hmontn * AT / R r24
storage tank »| heat puMpPhouse store =  jan..dec month
7 R=d/A~=d/0.03; honin =720 hrs hoat paps
_ AT = T(month) — Tgrouna rank 2536 2618 heating
deS|gn parameters
Letectricity = Eelecticity: Lheating = Wheating heat pumps
solar panels storage tank Ebpattery L =W,
hot water — hot water
Wheak h b, I Weak solar
npanels orA Tminy Tmax 1166
orientation — Etank . h
— Esolar Ginsulation )\insulation Eheating 353 house
— Ejoss Enot tap water eat pumps
heat pumpiank COPhreat pump house Wout
source Nhouses
Wpeak
COPtank
284 | electricity all energy numbers in MWh




Concept Assessment Heat Storage Tank

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

Assessment Criteria

Concepts that need assessment

PESTEL
Political e Technical
Economic e Environmental
Social o Legal
Political Economic Social
social acceptance e CAPEX affordable for all
fit with regional e OPEX participation by all
and national . . )
politics e time to deployment disruption of
. lifeti deployment
reputation risk lie ime side effects
s\ ks (e.g.noise)
e Vviable business
model
Technical Environmental Legal

readiness level
complexity
competence level

effectiveness/
performance

robustness

o foot print

e impact on flora
and fauna

fits in current
legislation

in-house heat

BDSTA3conceptAssessment Version 0, October 23, 2019

equipment
heat pump type .
local tank TEC
control
energy

management TEc

handling extermes
TEc

maintenance

TEc

solar tank heat pump
PV panel type . type TEc
heat collectors TEc source TEc
trackers TEC location PSEN
inverters TEc storage tank
payment Ec insulation TEC
governance, owner shape TEc
PECSL
i construction
location PSEN TEC
battery location PSEnN
type
1Bs heat network
location
PSEn type TEc
. measurin
electric network 9 Ec
ﬁ’ H
measuring - payment 2
J:
Lo .
governance, owner
payment Ec

PEcSL

governance, owneré&-

PEcSL




Heat Storage Base Case Scenario; dynamics and spreadsheet model

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDSTA3dynamics Version 0.1, October 22, 2019

graphical representation of monthly dynamics
Temperature of tank water
40,0
30,0
20,0
10,0
0,0
jan feb mar apr may jun jul augsept oct nov dec
600
500
400
300
200
100
0
jan feb mar apr may jun jul augsept oct nov dec
——\Wheating =——WtankHP
Ein and Eout (dashed lines)
200
150
100
50
0
jan feb mar apr may jun jul aug sept oct nov dec
- == Eelectricity-::--- EhouseHP ———Esolar
Egrid = = EtankHP  =——Ein

functional model

} battery | Eqri
S |
A
.
convert light Esolar v Eelecticity —
Esun into electricity |t T promemmeeeeeees »{ use electricity > Lelectricity
vEtankHP #EhouseHP
WtankHFL Wheat _ Wheatin;{
W,y = heat water > store T(m) » heat water » heathouse M Lieaing
Tground
Lstore > use hot water > Lot water
Whotwater

formulas for monthly dynamics
DT(m+l) = DTsuppIied(m) - DTIoss(m) - DTused(m)

simulation workflow

v

—

DTsuppiiea(M) = Erankrip(M) /' V / Cuater
DTloss(m) = Wloss(m) A Cwener

take initial values for b, I,
h1 d, nsolarvT(jan)

adapt values for b, I, h,
d: nsolanT(jan)

DTused(m) = (Wheating(m) + Whot water(m) - EhouseHP(m)) IV Cwate
Cuwaer= 1,17 kWh/m®°C
V=b*|*h

Wheating(m), Whot water(M), Eelectricity(m)y E,on(m) use historic data

run the spreadsheet
model

if T(jan,year 1)
~= T(jan, year 2)

the core part of the spreadsheet
m3 MWh  m3 MWh  MWh  MWh  MWwh MWh  MWh  MWh  MWh  MWh  MWh o MWwh  °c °C
Wheating*
8aShotwater Whotwater B3Sheating Wheating ~ Whotwater Eetectiaty  Enousetip Esolar Egrig Eanep  EiN Wheat ~ Weanp T Wios, DTioss DTused DTouppiic DT
jan 1920 177 54178 488 505 28 63 29 62 0 91 510 0 250 5 00 44 00 -45
feb 1920 17" 48558 437 454 26 57 54 28 0 82 458 0 20,5 3 00 40 00 -40
mar 1920 17' 39193 353 370 23 46 101 0 31 101 372 110 16,5 2 0,0 32 1,1 2,2
apr 1920 17" 20463 184 201 2 25 140 0 93 140 203 327 144 2 00 18 33 15
may 1920 177 10161 91 109 20 14 162 0 128 162 11 49 159 2 00 10 45 35
jun 1920 177 2669 % a 19 5 148 0 124 148 44 434 194 3 00 04 43 39
jul 1920 17 [ 46 0 18 20 2 154 0 132 154 22 462 23,3 4 0,0 0,2 4,6 4,4
aug 1920 17" 46 o 18 21 2 139 0 116 139 23 405 277 6 01 02 40 38
sept 1920 177 4542 a1 58 23 7 113 0 82 113 65 287 316 7 01 05 29 23
oct 1920 177 21399 193 210 2% 26 69 0 17 69 217 61 339 7 01 18 06 -13
nov 1920 177 39193 353 370 28 46 36 38 0 74 377 0 326 7 01 32 00 -33
dec 1920 17" 50431 454 a7 29 59 20 67 0 88 477 0o 293 6 01 41 00 -42
jan 1920 17 54178 488" 505 28" 63 29 62 0 91 510 o 251 5 00 44 00 -45
feb 1920 17 48558 4377 asa 26" 57 54 28 0 82 458 0 206 3 00 40 00 -40
mar 1920 17 39193 353 [ 370 23 [ 46 101 0 31 101 372 110 16,6 2 0,0 32 1,1 2,2
apr 1920 17 20463 1847 201 2" 25 140 0 93 140 203 327 145 2 00 18 33 15
may 1920 17 10161 91" 109 207 14 162 0 128 162 11 49 159 2 00 10 45 35
jun 1920 17 2669 2" a 197 5 148 0 124 148 44 438 195 3 00 04 43 39
jul 1920 17 46 0' 18 ZO' 2 154 0 132 154 22 462 234 4 0,0 0,2 4,6 4,4
aug 1920 17 46 o 18 2 2 139 0 116 139 23 405 278 6 01 02 40 38
sept 1920 17 4542 a1’ 58 23" 7 13 0 82 113 65 287 317 7 01 05 29 23
oct 1920 17 21399 1937 210 26" 26 69 0 17 69 217 61 340 7 01 18 06 -13
nov 1920 17 39193 353”370 28" 46 36 38 0 74 377 0o 327 7 01 32 00 -33
dec 1920 17 50431 44’ an1 29" 59 20 67 0 88 477 0 294 6 01 41 00 -42
year
1 23040 207 290880 2618 2825 284 353 1166 196 724 1362 2880 2536 54
2 23040 207 290880 2618 2825 284 353 1166 196 724 1362 2880 2536 54




Heat Storage

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDSTA3fundaments Version 0, October 12, 2019

energy system

design parameters

storage tank

heat loss

Q=A*h*AT/R @
h = duration in hours
[ R=d/Aw

A ~=0.03 W/m°C (o)

a http://www.joostdevree.nl/shtmls/warmtestroom.shtml
b http://www.joostdevree.nl/shtmls/r-waarde.shtml
¢ http://www.ekbouwadvies.nl/tabellen/lambdamaterialen.asp

example with numbers

A =30*10°m?
AT =70°C
d=1m

R=33m?°Ccw*

Qin =30 *10%* 70/ 33 ~= 63 kWh
Qaane ~= 1.5 MWh

Q1month ~= 46 MWh

| battery : Ql‘ldt. i solar panels Epatery
L R connection Wopeak Wopeak
-------------- » npa\nels orA
orientation Eelectric h
houses — Esolar Eheating — —
: el. consumers S ) b g
: : e.q. light ! heat pumprank COPheat pump house \V =h*b*|
; o lle] source Nhouses e -
5 Woeak A = 2* (h*b + h*| * b¥))
5 heatlng h Coptank Estored =V* (Thigh - Tlow) * Cwater
5 storage tank C = 4.2 kJ/kgl°C = 4.2 MJ/m*/°C
—| heat pumpiank ; hot tap water h b I water g
: ToT = 1.17 kWh/m*/°C
' miny max
A 4 P . — EBrank example with numbers
storage tank P heat pumprouse dinsulations Ninsulation h=25m. b=100m. | = 100m
- Eloss ' '
v v =25*100 * 100 = 0.25 * 10° m®
A =30+*10°m?
Thigh =80 OC
Tiow =10°C
Esorea = 0.25*10°* 70 * 4.2 * 10°]
~=74*10" J ~= 20 * 10° MWh
heat demand per year per typical house
gas consumption = 1500 m*/year/house
1 m®gas =9 kwWh
Eneating+tapwater = 13.5 MWh/year/house
typical gas consumption per month typical electricity consumption per month typical solar production per month
Gasverbruik per maand kWh 400 I:n\l\zlh/ 25,0
0.b.v. 1.500 m3 per jaar .
jan 350 .
00 350 jan 34 200
' ' feb 320 feb 65 0
above line: heating mar_| 290| 300 mar 12,1
5 270 150
g w0 below: tapwater 26T 250 apr 168
! may 250 mei 194
7; !un 240 200 jun 17,8 100
& 100 jul 245 15 jul 18,5
augt 23(5) aug 16,7 50
sep 100 sept 13,5 I
’ R R R ) DO S SN oct 320 50 okt 83 1o I I
& G““Q & @ Vﬁoﬁ\ Q\f‘& & oﬁé’ ?&Q nov 350 nov 43 g S DS Db S
¢ vl dec 360 ¢ dec sy TEETEITITT
https://www.energiesite.nl/veelgestelde-vragen year | 3550 8 ERES=2EE8 S 5 year average of solar panels at Notenboom 6, Best
wat-is-een-gemiddeld-gasverbruik/ Gerrit's thumb, based on average family energiesite.nl kWh/m2 for 245 Wp panels facing South East @~40 degrees




Heat Storage Scenarios

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDSTA3scenarios Version 0.1, October 22, 2019

2 bad insulation scenario
e 0.1lminsulationis.o. 1m
consequences
e Wioss = 561MWh i.s.0. 54 MWh
e 80 *84 m?solar panels i.s.o. 80 * 72 m?

3 low tank temperature scenario
o Tmin=8°C, Tmax = 25°C i.s.0. 14..34°C
consequences
e b, I=72mis.0.65m
e less loss in pipes of heat network (not modeled)

4 medium size tank scenario
e b, =59mis.0.65m
consequences
e  Tumin = 12°C, Trmax = 36°C i.s.0. 14..34°C
e less capacity for extreme winters

5 small tank scenario
e b, I=51mis.0.65m
consequences
e  Tpin=10°C, Trax = 43°C i.s.0. 14..34°C
e less capacity for extreme winters

Esun

|
} battery

convert light
into electricity

Wair >

heat water

functional model

WtankHP
A -
»

use electricity

> I—electricity

heat house

> Lheating

Egrid
H Eelectricity
....................................................... ) S
;EhouseHP
Wheal ‘ WheatinQL
store T(m) » heat water >
¢ Tground
Lstore >
Whot water

use hot water

> |-hot water

scenarios 1 2 4 5
bad medium

Oct 17,09:21 base case | insulation | low temp tank small tank
T start January 25 25 17 25 28
T high 40 40 30 40 45
T low 10 10 5 10 15
desired capacity MWh 3000 3000 3000 2400 1800
d m 1 0,1 1 1 1
solar area per house m?2 74 84 74 74 74
h m 20 20 20 20 20
old large house/average house 3 3 3 3 3
#houses per block 80 80 80 80 80
Eelectricity MWh 284 284 284 284 284
EhouseHeatPumps MWh 353 353 353 353 353
Esolar MWh 1166 1323 1166 1166 1166
Egrid MWh 196 177 196 196 196
EtankHeatumps MWh 724 863 724 724 724
Wheating MWh 2618 2618 2618 2618 2618
WhotWater MWh 207 207 207 207 207
Wiloss MWh 54 561 31 45 42
WfromHeatPumps MWh 2536 3021 2536 2536 2536
WfromAir MWh 1811 2158 1811 1811 1811
TminActual oC 14 14 8 12 10
TmaxActual oC 34 35 25 36 43
DTjan oC 0,1 -0,1 0,3 0,2 0,4
b, m 65 65 72 59 51

base case scenario

80 * 74 m? solar panels | |tank: 65 * 65 * 20m® COPnp = 3.5 Nhouses = 80
35 kWh/m? insulation: 1m COProusetp = 8
345 Wp, 1*1.6m, 2019 | [A ~= 0.03 W/m°C
R~=33m?°C/W
Tmin = 14 °C
Timax = 34 °C
Ein Eout 1811 54
from air loss
grid in WiankHp 207 hot tap
winter | 19 water
heat pump /
724
from tank
heat pumps .
2536 2618 heating
tank
heat pumps
solar
1166
353 house
heat pumps
WOUI
284 | electricity all energy numbers in MWh




Schematic Energy Demand and Supply of School

Author: Gerrit Muller

CSEDSA3school Version 0, July 18, 2022

case: a well insulated school
with plenty of solar panels
on the roof, in South-Eastern
Norway

legend

inactive

zero order model

regular demand variations
for a year and a month
(average weather
conditions), and a sunny day

total demand = lighting +
heating + hot water

net demand/supply = solar
— total demand

factors that play at various
time scales are:

year: holidays

week: weekends

day: night (inactive), start-
up, regular lessons,
shutdown, peak loads such
as showering and meals

year week day
2 - 7 2 <
> 2
< /. S
S| 1- g / i4 024 =
§ = TP
D \ / schoolday .r.,'"-.': uu E:r;:::g:i':-' T
2|0 / 0 BENTPSREE AN £ 448 L A S
e N e g Y SO RR R
g \ / school day T e o
@ - December i -:':’.' g
14 INS el Lecccccccccccccccccee § uy "
c [-1 / _________ "’E i:i ‘
L S I B B B B — T T T T 1 T T T T T T ]
J FIMIAMJ J A SO NUELC M T W T F S S 0 2 4 (IS 8 10 12 14 16 18 20 22 2
_§~ L solar . _--l_ ..........................
12 / \ - solar
= < solar
gl 13 / \ ] e,
3 > \ e’ “~~~
%] R P ~‘~~~
| T T T T — T T T T T T T T T
J FIMIAM J J A SO NUELC M T W T F|S S 0 2 4 é 8 10 12 14 16|18 20 22 2
E— ]
= lighting
= _—
145 lighting lighting
E —
i I \ \
| \ \ \
— T T T T T — I — T % 818 1o 12 14 165018 20 2
J FIMIAM J J A SO N L M T W T F|S S 0 2 4 8 10 12 14 16|18 20 22 2
5|14 N heating/ heatng | | e, heating Ll
: N | ] heme L
£ — N
S < /
T, T T T T 1 T T T T T é T T r T
J FIMIAM J J A SO N L M T W T F|S S 0 2 4 8 10 12 14 16|18 20 22 2
13 |
1 - o showering at
g hot | hot et end of gym classes
4= water water water
T T T T T T 1 T T T T T T T é T T T T T T T T
J FIMIAMJ J A SO NLC M T W T F|S S 0 2 4 8 10 12 14 16|18 20 22 2




Heat Pump transition scenario for Best

Author: Gerrit Muller

BDRA3heatpumpHeatingTransitionScenario Version 0.1, May 9, 2019

CO, reduction

45% 100%
#houses 12k 13k 14k
high cost . reduce install
) . learning curve ili i .
cost/house IIong mstalltatlon slow capacity increase scale up fast Strigﬂzt?a(r:]ast?tifrllty capacity
. . ow ﬁ%rnp;?s I(;:‘nce early adaptors to steady state

#installations 0%

_ k€

installs

1010 5 20 —
heat pumps —
solar _|
rid
2 55 10— <
2

(2]

S

©

9

BaS
#installation

c.apauty days
time
2019 short medium long very long
term term term term

attention for regulation of:
Governance e power connection
e acoustic noise

regulations and incentives to make the transition workable
especially for rental houses and house owners with low incomes




Best Duurzaam Solar Opportunities

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3technologyDevelopments Version 0, March 24, 2019

Solar PV cost and efficiency evolution

2018 USD
per Watt DC Utility-Scale PV,
Residential PV (6.2 kW) Commercial PV (200 kW) Fixed Tilt (100 MW)
$8 |« > |« »> |« >
7.34
7
$7 644
7
$6 543
5.04
$5 14 1) 455 7 7 463
s 7 7 397 % 7] aq7
|| 349, nlZEYy Z Z
— 30
s g M 7 %284 270 282280 ~ [ 270
230
I | | 220 ws1ss || M 2% 151155
$2 147
1.04 1.06
il e
$0

2010 2011 2012 2013 2014 2015 2016 2017 2018|2010 2011 2012 2013 2014 2015 2016 2017 2018|2010 2011 2012 2013 2014 2015 2016 2017 2018

@ Soft Costs - Others (PII, Land Acquisition, Sales Tax, Overhead, and Net Profit)

o Soft Costs - Install Labor

OHardware BOS - Structural and Electrical Components
= |nverter

O Module

Figure ES-1. NREL PV system cost benchmark summary (inflation adjusted), 2010-2018

U.S. Solar Photovoltaic System Cost Benchmark: Q1 2018 https://www.nrel.gov/docs/fy190sti/72399.pdf

Average Module
Power (Watt)

380
360
340
320
300
280

260

13.3%

225
’EI N

240 -

220

200 -
2010

243

2011

Module Power (Residential)
mmModule Power (Commercial)
-0-Module Efficiency (Residential)
-@-Module Efficiency (Commercial)

Estimated Module
Efficiency in CA (%)

20%
19.1%
19%
18%
17%

16%

15%
0,
14.2% 14%
246 13%
238

23125 12%
b 10%

2012 2013 2014 2015 2016 2017

Figure 3. Module power and efficiency trends from the California NEM database

(Go Solar CA 2018), 2010-2017

Hydrogen cost evolution
a Germany
Utility-Scale PV, 6.0
One-Axis Tracker (100 MW) energy content
< > 55¢ of 1 Kg H,
50F Small-scale fossil hydrogen supply =33.3 kWh
45 F
552 - 40
2 165 2 "Ur fuel cell
7 % 35F Medium-scale fossil hydrogen supply efficiency
%
% ie! 30k 40..60%
= 320 g’ ’ https://www.energy.gov/sites/
| © o5l prod/files/2015/11/f27/
m 243 218 8’ . fcto_fuel_cells_fact_sheet.pdf
| 19200 =
e 20 F
156 -l
112113 15k
E ﬁ 1.0 | |—— Projection with g = 95.0%
2010 2011 2012 2013 2014 2015 2016 2017 2018 05E Pro!ect!ons W!th f =950+ 2.5%
R e Projections with £= 2.5, 5.0, 7.5%
0.0 . 4
2015 2020 2025 2030
Year
Fig. 3 | Prospects for renewable hydrogen production
The break-even price of renewable hydrogen for Germany
relative to the benchmark prices for fossil hydrogen supply.
from: Economics of converting renewable power to hydrogen
Gunther Glenk and Stefan Reichelstein
Nature Eneregy https://doi.org/10.1038/s41560-019-0326-1
o
=
o
g 390 =
S A
(_ID 370 E i
= A o
340 g. 350 - A °
] = A [ ] o <
§ 330 i ° > ¢ 5
& L4 o ¢ a
% 310 ® ° O * i
L] ? g * - [ |
§ 290 ] ]
* ]
270 = H
250
2016 2017 2019 2021 2024 2027
® BSF p-type mc-Si + BSF p-type mono-Si
_— O PERC/PERT p-type mc-Si + PERC/PERT p-type mono-Si
2019 © PERC, PERT or PERL n-type mono-Si @ Silicon heterojunction (SHJ) n-type mono-Si
A back contact cells n-type mono-Si
https://cleantechnica.com/2017/08/15/
efficient-will-solar-pv-future-10-year-predictions-industry/




Initial Master Plan Sustainable Best

Author: Gerrit Muller, contributions from many Best Duurzaam volunteers

BDRA3masterPlan Version 0, April 23, 2019

H2 2019

H1 2020

H2 2020 H1 2021 H2 2021
analyze discuss and
: : ; : 4 renewable
energy discuss and energy discuss and energy discuss and select discuss and technical, amend energy plan
sources amend sources amend sources amend energy amend financial, and renewable region
BoEs regional A3s regional scenarios regional scenario regional social energy .
o Eindhoven
feasibility proposal
heat pump heat pump
BoEs A3s _
heating
High T heat High T heat scenario
network network Best 1
BoEs A3s analyze
heating select technical heating plan
Low T heat Low T heat || scenario heating financial and municipality
network network Best 2 scenario social Best
BoEs A3s feasibility
heating
Hydrogen Hydrogen scenario
BoEs A3s i Best 3
this information is relevant at
regional and national levels
create and show attractive examples; “seduce”, build on success
determine facilitate building cooperatives,
education utility and network providers, legend
strategy schools
: BoE Back of Envelope
develop build energy regulate
insulation neutral energy neutral A3 A3 size overview
policy houses houses
develop effectuate rain
regulation water
policy infiltration




