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Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average)
as reconstructed (1-2000) and observed (1850-2020)
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b) Change in global surface temperature (annual average) as observed and
simulated using human & natural and only natural factors (both 1850-2020)
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» Gemaéttelt Temperatur op eiser Aerd geet erop [1]
The mean surface temperature of the earth is rising [1]
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» Direkt Korrelation téschent CO, an geméttelter Aerdtemperatur
Direct correlation between CO- in the atmosphere and the surface temperature

Den Zahreneffekt
[3]
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» Absorbéierung vun Sonnestralung an der Atmosphar féiert zu enger Erhéijung
vun der Aerdtemperatur.
Absorption of sunlight in the atmosphere leads to an increase in temperature.

» Molekullen an der Atmosphar déi Infraroutstralung absorbéieren (CO,) sinn dofir
responsabel
Green house molecules in the atmosphere (such as CO.,) increase IR radiation
towards the Earth surface which increases the temperature.
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Ubersicht zur Entwicklung der energiebedingten Emissionen und Brennstoffeinsdtze in Deutschland 1990 - 201 8; Umwelt Bundesamt

» Energie bedéngt Emissiounen entstinn bei der Stroum- an Waermtproduktioun,
an der Industrie, an den Haiser duerch Hétzen, am Verkéier duerch Verbrennen
vum Benzin/Diesel an och am Handel.

Energy related emissions of greenhouse gases arise from the production of elec-
tricity and heat, due to industrial processes, in houses due to heating, due to
traffic related emissions and in the commerce.
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» Theoreetesch Modeller déi viraussoen wéi sech CO, Konzentratioun an der At-
mosphar iwwert déi nachsten 1000 Joer waert verhalen. Et gétt just d’Maximal-
Konzentratioun un CO, verannert an dann geet een dovun aus dass keng wei-
der CO, Emissiounen waerte méi dobai kommen. De maximalen CO, Waert
bestémmt d’Erhétzen vun der Aerd an och de Mieresspigel (just thermesch Aus-
deenung abezunn).
Den CO, de mer haut produzéieren huet nach ganz laang (Joerhonnerten)
een Impakt op d’Temperatur an och de Mieresspigel!!!

year

Predictions of the evolution of the CO. as a function of time, for different maximum
concentrations. After the peaks, no further CO, emissions are assumed. The
peak CO, concentration dictates the temperature of the planet and the sea level.
The CO,, which is produced today will stay in the atmosphere for several
hundred years impacting the temperature and the sea level!!!

Weiverbesseren ech d’CO-, Bilanz vu mengem Haus?
How do I reduce the CO, footprint of my house?
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Energieverbrauch vun Haiser
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» Thermesch Isolatioun ass extrem wichteg a bestémmt zum groussen Deel den
CO, Impakt vum Gebai
Heating dominates the energy consumption of a house and needs to be reduced
via thermal insulation and modernisation

» Passivhaiser verbrauchen just en Brochdeel vun der Energie déi en aalt Haus ver-
braucht.
Passive houses have a strongly reduced energy consumption compared to old
houses

» Stroum als Energietrager ass deier. Et mécht just Séen Gebaier mat Stroum ze
hétzen wann se gutt isoléiert sinn.

» Electricity is expensive and should only be used as primary source of energy in
properly isolated (passive) houses

Photovoltaik um Hausdaach

1. Wat sinn d’'Bestanddeeler vun enger privater PV-Anlag?
What are the components of a rooftop PV system?

PV Modulen; PV modules

Kabel; cables

Inverter (DC/AC); inverter (DC/AC)

Verbraucher; electricity consumer

Verbindung zum Stroumnetz; Con-

nection to grid

6. Inverter Nr.2 (optional bei Batter-
iespeicher); Inverter for batterie

7. Batterie (optional); battery

a0~

Geoportal liwwert en éischten Indice
op d’Haus gutt géeegent ass fir PV

» Geoportal gives a first indication if
the house is suitable for rooftop PV

» Modeléierung vu spezialiséierter
Firma mat Visit ass néideg

» Modeling and on-site visit are
mandatory to decide if it makes
sense to invest
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3. Wéivill kascht eng PV-Anlag op mengem Daach?
What are the costs of a rooftop PV system?

Beispill 1: Beispill 2:
5kW Anlaag Flaachdaach, Treier 10kW; O-W; Daach schief, Berchem
Example 1: Example 2:

5kW System Flat roof 10kW System East-West; inclined

Baudeel: Prais Baudeel Prais
PV Modulen ~ 3k€ PV Modulen ~ 8k€
Inverter ~ 1k€ Inverter ~ 3k€
Fixeierung Flaachdaag | ~ 1k€ Daach Ost+West ~ 7k€
Installation + Kabel ~ 2k€ Installation + Kabel | ~ 4k€
Batteriespeicher ~b6k€

» Staatlech Ennerstétzung zu Létzebuerg: 500€/kWp
Financial assistance in Luxembourg: 500€/kWp [7]

4. Wéivill Energie an CO, gétt bei der Hierstellung vun der Solarzell produzéiert?
How much energy and CO: is produced during the fabrication of a solar cell?
[5]

on-roofinstallation in Southern Europe

on-roof installation in Southern Europe
1700 KWh/m? yr irradiation on optimally-inclined modules

1700 kWh/m2.yrirradiation on optimally-inclined modules
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Fig. 2. Energy payback time of commercial PV systems, irradiation 1700 kWh/m? year.

» Zait déi d’'Solaranlag Energie muss produzéieren bis se sech energetesch ren-
téiert: ,Energy payback time “.
time the PV system must produce energy until it is energetically profitable: ,En-
ergy payback time “

» A Sud-Europa ass dat ongeféier 1-2 Joer; Bei eis zu Létzebuerg 2-3 Joer;
In the South of Europe (~ 1-2 years; In Luxembourg: 2-3 years)

» Solarzellen hunn eng Garantie vun 20-25 Joer;
Solar cells are sold with a warranty of 20-25 years

» Solarzellen sinn a punkto Energie an och vum CO, Budget hier absolut rentabel;
och zu Létzebuerg
Solar cells are highly profitable in terms of energy production and CO, budget;
also in Luxembourg

5. Brauch ech een Daach dat no Stden ausgeriicht ass? Nee
Do | need a roof that faces South? No

[6]
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6. Weivill kréien ech pro kWh déi agespeist gin?
How much do | earn when | produce solar power that is fed into the grid?
[7]: https://www.myenergy.lu

Einspeisevergiitung fiir Systeme mit bis zu 30 kW, elektrischer Leistung :

» ab dem Datum vun der éischter As-
peisung garantéiert fir 15 Joer

Erste Einspeisung €/ kWh Erste Einspeisung €/KWh

2021 01552 2021 0,1458 Guaranteed tariff for 15 years start-
ing from the point of the first feed-in

2022 0,1506 2022 0,1415

2023 0,1461 2023 0,1372

Eng PV Anlaag doheem, virwaat?

» Beispill: Zwee Haiser: O/W-Ausriichtung; Flaachdaach a schifen Daach [9]
Case study: Two houses; E/W-orientation: flat and inclined rooftop [9]
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» Norméierten Energieertrag 2020 (Passivhaus matt Waermtpompel)
Normalized energy production in 2020 (passive house with heat pump)

» Verbrauch vunn Energie am Wanter

g oot = e méi héisch

W 1 PV . . . .

S ous Energy consumption higher in winter

5 B » Batteriespéaicher just effektiv am Sum-
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£ » Spaicher erhéicht Eegenverbrauch
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» Am Summer gétt méi produzéiert weéi
verbraucht gétt
During the summer, the energy pro-
. duction is higher than the consump-
tion
| » |lwwerschésseg Energie gétt
d’Stroumnetz agespeist
Excess energy will be fed into the grid
» Zousatzlechen finanziellen Gewénn
Additional positive financial impact
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» Batteriespaicher féiert och zu zousat-
zleche Verloschter
Charging and discharging of battery
also leads to losses

» Am Summer wann de Spaicher och
benotzt gétt verléiert een ongeféier
20% vun der Energie déi een soss
geif an d’Netz aspeisen

3 In summer the battery consumes ap-

prox. 20% of the energy that would

otherwise be fed into the grid

[ Differenz Batterie Ladung- Batterie Entladung
60 |
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AC/DC: ~97%
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» Energieverbrauch am Summer; Energy consumption in summer
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» Am Summer ass een duerch de Bat-
teriespaicher praktesch onofhangeg
vum Stroumnetz (>90%), och an der
Nuecht
During the summer the battery covers
almost the complete power consump-
tion of the house (>90%, including the
night)
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7. Ass eng PV Anlaag finanziell lukrativ?
|s the PV installation a good financial investment?

» Matt Spaicher: Investitioun: 15k€ (5kW Anlag), Erspuernis pro Joer: 1000€, No
15 Joer ass d’'Solaranlag ofbezuelt
Investment: 15k€ (5kW installation), Saving per year: 1000€, after 15 years the
system is profitable

» Ouni Spaicher: Investitioun: 9k€ (5kW Anlag), Erspuernis pro Joer: 1000€, No
9 Joer ass d’Solaranlag ofbezuelt.
Without battery: Investment: 9k€ (5kW installation), Saving per year: 1000€,
after 9 years the system is profitable

8. Ass eng PV-Anlag CO, technesch lukrativ?

Is the PV system reducing the CO» footprint?

» garantéiert Liewensdauer: 25 Joer = Energy payback time: ~ 3 Joer
guaranteed lifetime: 25 years = Energy payback time: ~ 3 years

» CO, Erspuernis pro Joer (Stroummix: 160g/kWh [8]): 750kg/Joer = 16.5
Tonnen CO, an 25 Joer
CQO2 saving per year (current grid CO» budget: 160g/kWh [8]), 750kg/year =
16.5 tons of CO, in 25 years

» Matt Batterie: Reduktioun em 1 Tonn CO, Erspuerness duerch méi laang
energy payback time: = 15 Tonnen insgesamt
with battery: reduction of approximately 1ton of CO, saving due to longer
energy payback time = 15 tons in 25 years
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