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Energy in Building Projects
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Energy in Building Projects

KWh/m2.y

1991 *)

2009 **)

Heat

95

115

Cold

69

55

Steam

59

57

Electricity

128

134

Total

351

361
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1) Globale omvang in relatie tot totale energiebehoefte Erasmus MC

2) Globale omvang op basis van potentie nieuwbouw

3) Globale omvang op basis van potentie tranche 1 van de nieuwbouw

4) Demonstratieproject met omvang op basis van één eenheid

a) De genoemde investeringsbedragen zijn exclusief staartkosten (circa 20%). Tevens is er geen rekening gehouden met een eventuele bijdrage van subsidies.
b) SPOT = simple pay out time = (meer)investering t.0.v. Referentie / Jaarlijkse kostenbesparing t.0.v. Referentie (=terugverdientijd)

C) m?3 aardgas equivalent: het aardgasverbruik van de ketels + het aardgasverbruik in de elektriciteitscentrale om de benodigde elektriciteit op te wekken

d) PR-functie op basis van geschatte nieuwswaarde, niet zichtbaar voor publiek

e) Bij het indienen van definitieve subsidieaanvragen dient rekening te worden gehouden met maximale cumulaties tussen subsidieregelingen en Europese wetgeving ten aanzien van maximale subsidies per
project. Naast subsidiemogelijkheden voor de investeringen bestaat in een aantal gevallen de mogelijkheid subsidie te verkrijgen voor de uitvoering van haalbaarheidsstudies.
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Energy data for academic hospitals in the Netherlands (RTBi&agter)

1991 *) Operational data academic hospital (228.069 m

2009 **) Design values for renewed academic hospital (409.840 m
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Energy in Building Projects, Converge
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Water in Building Projects

From sewer system to near
drinking water quality

Photo: Pharmafilter
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Materials in Building Projects
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Experiences from building practice

Indoor Air Quality:
High Energy Consumption @ Micro electronics, Hospitals and Museums versus Converge

Water quality hospitals:
Sewer to drinking quality is possible

Material consumption health care:
Excessive



2. The need for a
Renewable Climate Change
Energy
Transition Temperature Anomalies

Artic Melt
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CO; Emissions. @PythonMaps
This map shows the world's CO;, emissions and shows tonnes of CO; within 0.1x0.| degree grid tiles in 2018. e

Data source - https://edgar.jrc.ec.europa.eu/dataset_ghg60 .
Source: Adam Symington
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Failing to agree on climate actionwould AFf Sc 1 SFT 62T EQT
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4\
SECRETARY-GENERAL

]
TUDelft



3. From
Sustainability

to
Cradle to Cradle
and Beyond
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Sustainability, natural resources

Cradle to Cradle

Positive Footprint

Co-Benefits



Sustainability, Energy

Energy Sources and Consumption

Renewable Non-Renewable

° Tidal 0.3 TW

Solar 23,000 TW

@ Wave 0.2-2TW

Coal
Q@ Geothermal 0.3-2Tw 900 TW-yr
World energy
Hydro 3-4 1w consumption .
16 TW Uranium
90-300 TW-yr
) Biomass 2-6 TW
. Oil
Wind 240 TW-yr
o Natural gas

215 TW-yr
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Sun and wind can power the
whole world many times over

Source: Richard Perez* & Marc Perez, A FUNDAMENTAL LOOK AT ENERGY RESERVES FOR THE PLANET (2009)



Sustainabllity, Energy and costs

The price of solar modules declined by 99.6% since 1976 400
Price per Wan of solar photovollaxcs (PV) modules (logwmhm:c axis)
The prices are adjusted for inflation and presented in 2019 US-$. 350
$100 1976 =
= 300
=
$50 S 250
With each doubling of installed capacity the price Ls 200
of solar modules dropped on average by 20.2%. S 150
This is the learning rate of solar modules.
$20 c
$ 100
=
$10 50
0
$5 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year
2
: === (525 Peaker el NUClear sl S0lar Th.Tower Coal
" e=f==Geothermal —==@==GasC.Cycle — e=@em\\ind =@ Solar PV
i Source: Lazard (2020)
1MW ‘ 10 MW 100 MW 1,000MW 10,000 MW 100,000 MW
: ' Cumulative installed solar PV capacity (logarithmic axis) '
Data: Lafond « ‘1’)1(!”\!\!‘«)\{ base the reported lear over several 1 1
Sl e« Bids for energy from sun- and wind parks nears 0.01 $/kWh
OurWorldlnD.na ofg R\ 25€. 3rch md d1h to make progress against lh: worl 'dsh st pri Dbh:(“s by lh mmol Mix Rosu

At this level renewables will outcompete Fossils!
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Sustainability, Energy and Storage

Tm
1GW
BEV Battery Electric Vehicle
(NiMH and Li ion)
CAES Compressed Air ES

100 MW Double Layer Capacitor
FES Flywheel Energy Storage
H2 Hydrogen Storage
LA Lead Acid battery

10 MW Li-ion Liion battery
Sodium Sulphur battery

PHS Pumped Hydro Storage

Rated RFB  Redox Flow Battery
SMES Superconducting Magnetic ES
power SNG Synthetic Natural Gas
100 kW
10 kW
1 kW

0.1kWh  1kWh 10 kWh 100 kWh 1MWh 10 MWh 100 MWh 1GWh 10 GWh 100 GWh

Energy

Source: Marco Bijkerk
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Sustainabllity, Energy and Storage

1s-1h

1d-1m

1GW

Rated
power

1kW - 100 MW ’-
i

0.1KWh -10 GWh 100 GWh

Energy

Hydrogen based energy storage is the most promising,
if not the only possibility, for decarbonized energy
TU Delft storage over longer time periods

BEV

CAES

FES
H2
LA
Li-ion

PHS
RFB
SMES
SNG

Battery Electric Vehicle
(NiMH and Li ion)
Compressed Air ES
Double Layer Capacitor
Flywheel Energy Storage
Hydrogen Storage

Lead Acid battery

Li ion battery

Sodium Sulphur battery
Pumped Hydro Storage
Redox Flow Battery
Superconducting Magnetic ES
Synthetic Natural Gas

Source: Marco Bijkerk



Sustainability, Water, Global average water footprint

Serving Water (1) Serving Water (1) Serving Water (1)
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I U D e I ft Source pictureanddata: https://waterfootprint.org/en/resources/interactiveools/productgallery/



Sustainability, Air

>1000 ) Il Foeear plants B Wasts
Africa B Industry B Ships
) [ Land-based transport [l Agricultuwrs
Americas B Houssholds =1 Other
- 00
. “‘5 1 Eastern Mediterranean B2 Coal
| O©
| § Europe
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E: Southeast Asia
©
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@t | |
i 1D Pt 30 4 S0 Gl 70
i Annival premature deaths from ambient PR, per 100 000 inhiabitants
—) <0.1
Fiure: 3 Regenal s o e Frgjra'_.‘l-ﬂ: Health wnpe&cts of exposure to ambient fine particulate matter (PM, ;) in 2015, by key sources of
mortality rates from cardiovascular diseases (CVD = IHD + CEV) pﬂ" ution IJ}I'WHU regeon
attributed to air poliution. These rates are lower limits as other Coal as a fuel is highlighted by hatching. Country aggregations correspond largely toWHO regions, except for small
non-communicable diseases are not included.

exceptions (appendn:). PM, .=atmospheric particulate matterwith a diameter of less than 2-5 pm.
Source: European Heart Journal (2019) 40, 15901 1596
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Source: Lancet 2018; 392: 24791 514



Sustainability, Topsoll

A50% is lost in the last 150 years (WWF)

AdGl I F 2F GKS (2LA2At 2y OGKS LIXIFySd K
addition to erosion, soll quality is affected by other aspects of agriculture.

These impacts include compaction, loss of soill structure, nutrient A
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Desertification Deforestation 0Bl owing in the Wi ndbo
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Source: https://www.worldwildlife.org/threats/soierosionand-degradation



