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“Believe you can and you’re halfway there!”
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–

„The earth has a fever. And the fever is rising.“

–



–

expanded in 2020 by the German government’s Long

building’s 



–

–

“only” account for 15

–

https://uniduede-my.sharepoint.com/personal/lisa_sieger_uni-due_de/Documents/Dissertation/Wohnen#_CTVL0016011de859e4148f5882304abb63277b7


–
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–



–



–



–

Germany’s largest real estate

–

vary widely across Germany’s subregions. 



–



–



–

–

–

–

–

–

–



–

– “Heizungsgesetz” –



–

minimum investment volume is €2 000 in each case; the maximum eligible costs are €60,000 

per residential unit and calendar year up to a maximum of €600,000 per building

€

increased by more than €3 per square meter of living space 

€7 per square meter

crease is capped at €2



–



–

– –



–



–

–



–

–

–



–



–

€

“local” markets in the sense that demand and 

the building’s 



–

–

https://doi.org/10.1016/j.eneco.2021.105750


–

–

https://doi.org/10.1016/j.enpol.2023.113819


–

–

https://doi.org/10.1016/j.enbuild.2024.113819


–

https://ssrn.com/abstract=4605917


–

https://doi.org/10.1016/j.eneco.2021.105750


–

’s

housing values’ inc



–

dwelling stock’s 

“ ”

Government also approved the “Bundesförderung für effiziente Gebäude” —

€

€

% increase in a building’s total return if energy 



–

investments’

’



–

“ ”

EPCs’ 



–

’

nants’

flats that are advertised as “like new ” 



–

𝑙𝑛𝑃𝑅𝐼𝐶𝐸𝑖𝑘𝑑𝑡 = 𝛼 + 𝛽𝐸𝑁𝐸𝑅𝐺𝑌𝑖 + 𝛾𝑫𝑖 + 𝛿𝑵𝑘𝑡 + 𝜇𝑡 + 𝜏𝑑 + 𝜈𝑑𝑡 + 𝘀𝑖𝑘𝑑𝑡
—𝐸𝑁𝐸𝑅𝐺𝑌𝑖— 𝑫𝑖

𝑵𝑘𝑡 object’s

𝜇𝑡𝜏𝑑 𝜈𝑑𝑡𝘀𝑖𝑘𝑑𝑡

fixed effects’



–

𝜇𝑡 𝜏𝑑 𝐸𝑁𝐸𝑅𝐺𝑌𝑖

𝐸𝑁𝐸𝑅𝐺𝑌𝑖
⸱0𝛽0

𝛽(𝐸𝑁𝐸𝑅𝐺𝑌𝑖 × 𝐷𝑇𝑌𝑃𝐸𝑖)

𝜏𝑑 1 , 𝑒𝑥𝑝(𝛽𝑑)
households’

 𝛽𝑑𝛽𝑑) 𝛽𝑑 𝛽𝑑𝛽𝑑



–

–

𝑙𝑛𝑃𝑅𝐼𝐶𝐸𝑖𝑑𝑡 = 𝛼 + 𝛽𝑑(𝐸𝑁𝐸𝑅𝐺𝑌𝑖 × 𝜏𝑑) + 𝛾𝑫𝑖 +  𝜇𝑡 + 𝘀𝑖𝑑𝑡𝐸𝐸𝑃𝑑 = 𝜑0 + 𝜑1𝑙𝑛𝑃𝑂𝑃𝑈𝐿𝐴𝑇𝐼𝑂𝑁𝑑 + 𝜑2𝑙𝑛𝑃𝑈𝑅𝐶𝐻𝑃𝑂𝑊𝐸𝑅𝑑 + 𝜑3𝑈𝐸𝑅𝑑 + 𝜑4𝐹𝑂𝑅𝐸𝐼𝐺𝑁𝑑 + 𝜑5𝑇𝑌𝑃𝐸1𝑑 + 𝜑6𝑇𝑌𝑃𝐸7𝑑 + 𝘀𝑑
our results’

𝑬𝑏(𝑖)𝑏

𝑙𝑛𝑃𝑅𝐼𝐶𝐸𝑖𝑘𝑑𝑡 = 𝛼 + 𝛽𝑘𝑬𝑏(𝑖) + 𝛾𝑫𝑖 + 𝛿𝑵𝑘𝑡 + 𝜇𝑡 + 𝜏𝑑 + 𝜈𝑑𝑡 + 𝘀𝑖𝑘𝑑𝑡

— —

ln(𝑃𝑅𝐼𝐶𝐸𝑖𝑘𝑡 + 𝛽𝐸𝑁𝐸𝑅𝐺𝑌𝑖) = 𝛼̃ +  𝛾̄𝑫𝑖 + 𝛿𝑵𝑘𝑡 + 𝜇𝑡 + 𝘀𝑖𝑘𝑡

We used the “dpik” function of the “KernSmooth”



–

𝑫𝑖 𝑵𝑘𝑡
𝑃𝑅𝐼𝐶𝐸𝑖𝑘𝑡 =  ,𝛽̃𝐸𝑁𝐸𝑅𝐺𝑌𝑖 + 𝑒𝑥𝑝( 𝛼̃ +  𝛾̃𝑫𝑖 + 𝛿𝑵𝑘𝑡 + 𝜇𝑡 +  𝘀𝑖𝑘𝑡)

𝛽 —

𝛽
𝛽

building’s

𝑒𝑛𝑒𝑟𝑔𝑦 𝑚𝑢𝑙𝑡ℏ𝑝𝑙ℏ𝑒𝑟 =  𝛽𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑝𝑟ℏ𝑐𝑒 𝑓𝑜𝑟 ℎ𝑒𝑎𝑡ℏ𝑛𝑔 [𝑎\

known as the “energy paradox” introduced 



–

our analysis’

— —



–

the level “unknown” for missing values 



–

“consumption certificate ”

“ requirement” 

—

’

’

bars’ 

our sample, an average “D”



–

€

ource: Authors’ calculation and illustration based on IS24 and microm.

€

€

€

—

—
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–

€/m²

€/inh

Authors’ calculation based on IS24 and microm.

–

Authors’ calculation based on IS24, microm and INKAR.



–

do not meet the 1977’s Heat 

Cook’s 

The regulation is effective from May 2014, so dwellings that were built after this date are defined as “newly 
constructed.” 



–

lnPrice (€/m²)

ý

ý

ý



–

–



–

–
≥ ý

ý p <
Authors’ calculations based on 

—

–



–

Source: Authors’ calculation and illustration based on IS24, microm and INKAR.

package in R. Fitted values were smoothed using the “lm”



–

—

𝜑2/100 

ý

ý p <
Authors’ calculations based on IS24 and microm.

–

–



–

Source: Authors’ calculation and illustration based on IS24 and microm. 

wellings’



–

lnPrice (€/m²)

Authors’ calculations based on IS24, microm and INKAR



–

Source: Authors’ calculation and illustration based on IS24, microm and INKAR.



–
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–

(€/m²)

Authors’ calculations based on IS24, microm and INKAR.



–

lnPrice (€/m²)

Authors’ calculations based on IS24, microm and INKAR



–

Source: Authors’ calculation and illustration based on IS24, microm and INKAR.

’ 

€



–

€ €

€

€/m². 

€

€/a €

obtainable minimum (average) value increase is €19,320

€22,250. In contrast 

Price (€/m²)

Authors’

€/m²*151 m² = 19,320.45 €.



–

€

€ €

in € in €

– –

– –

–

– –

: Authors’ illustration based on 

f €0.065 per kWh. An average 

family home then saves energy costs of around €236 yearly after installing a new 



–

The exemplary NPV of energy costs saved is €4,684, 

—under the assumption of “myopic” expectations of 

—

Increasing buildings’ energy efficiency is a key factor in reducing 

Annual monetary savings: 3,627 kWh/a * 0.065 €/kWh = 235.76 €/



–

, as they too found lower effects in Germany’s ‘Top 7’ 



–

’s

€

€ € €

buyer’s perspective, the extra price for efficient ho



–

–

–

–

–

–

–

–

5. A Practitioner’s Guide to Cluster
–

–

–

–

–

–



–

–

–

–

–
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–

–

–

–
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–

–
Hahn, J., Hirsch, J., Bienert, S., 2018. Does “clean” pay off? Housing markets and their 

–

–

— –

–

–

–



–

–

–

–

–

–

–

–
—

–
–

–

–

–

–

Package ‘KernSmooth’.
–



–

Authors’ calculation based on IS24.



–

Authors’ calculation based on IS24.



–

lnPrice (€/m²)

Authors’ calculations based on IS24, microm and INKAR.



–

Source: Author’s 



–

Source: Authors’ calculation and illustration based on IS24, microm and INKAR



–

Source: Authors’ calculation and illustration based on IS24.



–

Source: Authors’ calculation and illustration based on IS24, microm and INKAR.



–

We certify that no party having a direct interest in this research’s results supporting 

manuscript’s title page. 



– –

–

–

https://doi.org/10.1016/j.enpol.2023.113819


– –

–

kWh/m²a, the monthly basic rent increases, on average, by roughly €0.01 per 



– –

–

–

maximum limit of eligible costs is €60,000 per residential unit



– –

–

–

–



– –

–

–



– –

€

“brown discount”

“ tandard technologies” “

technologies” “br wn technologies”

“brown ”

“green technologies”



– –

–

–

–



– –

𝐑𝐞𝐧𝐭𝐢𝐧𝐝𝐭 €/m²𝐄𝐏𝐒𝐢 𝑿𝒊

𝑵𝒏𝒕
€1,000 per capita

𝛕𝐝𝛍𝐭
Source: Authors‘ illustration.



– –

–

–

information about the building’s energy performance. 

–

€/m² €/m²

€/m²

€/inh
Source: Authors’ calculations based on 



– –

–

median of about €21,000. Average unemployment rate is 10

Source: Authors’ calculation and illustration based on RWI



– –

: Authors’ calculations based on RWI

–



– –

–

–

Moreover, the difference in average basic rents between subsamples only amounts to €0.1



– –

€/m² in 2014 to 7.66 €/m² in 2020. Means 

Authors’ calculations based on RWI

tenants’ WTP for energy eff



– –

s’ behavior 

 𝐸(𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑠𝑡𝑠𝑖𝑒) = 𝑅𝑒𝑛𝑡(𝑋𝑖, 𝑁𝑖) + 𝐸(𝑃𝑒 ∗ 𝐸𝑃𝑆𝑖)

directly impacts the tenants’ total costs and that their 

–

𝛽
𝑙𝑛 (𝑅𝑒𝑛𝑡𝑖𝑛𝑑𝑡 +  𝛽𝐸𝑃𝑆𝑖) =  𝛼 +  𝛾𝑿𝑖 + 𝛿𝑵𝑛𝑡 + 𝜇𝑡 + 𝜏𝑑 + 𝘀𝑖𝑛𝑑𝑡



– –

𝑿𝑖 𝑵𝑛𝑡

𝑅𝑒𝑛𝑡𝑖𝑛𝑑𝑡 = ,𝛽𝐸𝑃𝑆𝑖 + 𝑒𝑥𝑝 (𝛼 +  𝛾𝑿𝑖 + 𝛿𝑵𝑛𝑡 + 𝜏𝑑 + 𝜇𝑡) + 𝘀𝑖𝑛𝑑𝑡′
𝐸𝑃𝑆𝑖
𝑿𝑖 𝑵𝑛𝑡

𝜏𝑑
𝜇𝑡 𝘀𝑖𝑛𝑑𝑡′

𝛽
–

– 𝛽𝛾𝑕𝑒𝑎𝑡𝑖𝑛𝑔
𝛾𝑕𝑒𝑎𝑡𝑖𝑛𝑔



– –

𝑀𝑒

𝑀𝑒 =  12 × 𝛽𝑃𝑒

𝑃𝑒

𝛽
– 𝛽



– –

€/m²

characteristics and decrease again slightly below €0.01 when including fixed effects. 

€



– –

–

Basic rent in €/m²

R² is estimated using the ‘rsquare’
function from the ‘modelr’ package in R (Version 4.1.2). RMSE is in €/m².

Authors’ calculations based RWI



– –

€/m²

€/m².

Basic rent in €/m²

ing the ‘rsquare’ function from the ‘modelr’
RMSE is in €/m².

Authors’ calculations based RWI

“Standard” includes flats with central heating, gas heating . “ ” 

“Green”



– –

€/m² €/m² if it 

Basic rent in €/m²

R² is estimated using the ‘rsquare’ function from the ‘modelr’
4.1.2). RMSE is in €/m².

Authors’ calculations based RWI

improvements don’t pay back as long as such inefficient technologies are installed. 

€/kWh



– –

€0.

€0.29.

nto a benefit of only €0.13. 

es a range of 100 €/m² up to 680 €/m² of additional investment 

€/m² 

Source: Authors’ calculation and illustration.
Annual basic rent increases per €1 reduction in energy costs

The weighted average energy price for heating of 0.067 €/kWh was used for 

– –

– –
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– –

range between € 00 and €

€/m² (

prices of €0.0 €/m²

€/m²

€/m² higher rental income and six apartments of 67

€ €

ars. This is far below the € €

–

tenant’s point of view, these improvements sum up to energy savings of about €4

–

€

costs amount to €138 

€76. 

only about 0.34 €/m² 0.19 €/m² 

–

to 0.028 €/m €/m

€/m² €/m²] €



– –

rental premium for ‘greener’ dwellings

€/m²

for ‘greener’ dwellings, although

monthly rental increases of about €0.07 to €0.10 per square 

–

€

roughly 0.07 €/m²

€ €0.

€/m² €/m²

€0.0



– –

€ to €

. For a reduction in energy costs of €1, they find rental prices in Berlin 

to increase by €0.23 at energy prices of €0.

These “revealed”

points in the same direction: by moving from “dirty” heating technologies to standard ones, the 

–

t increases of only 0.01 to 0.02 €/m² are necessary to offset €1,000 in investment 

€1 to €13,000 

“green” technologies 

As we use offer data, the preferences are not „revealed“ in a strict sense. Yet the pricing of such hedonic attributes 



– –

€/m²

–

–



– –

–

–



– –

Germany’s most populated federal 



– –

–

–



– –

–

–

–

–

–

–

–



– –

–

–

–

–

–

–

–

–

–

–

–



– –

–

–

Does “clean” pay off? Housing markets and their 
–

–

–

–

— –

–

–

–

–



– –

–

–

–

–

–
–

–

–

–

–

–

–
–



– –

Source: Authors’ own 



– –

Authors’ calculations based on RWI



– –

–

Basic rent in €/m²

‘rsquare’ function from the ‘modelr’ package in R (Version 4.1.2). RMSE is in €/m².
: Authors’ calculations based RWI



– –

Source: Authors’ calculation and illustration based on BMWi (
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W
h



– –

€/m² if energy efficiency improved by 10 kWh/m²a. The lowest rental premium of only 

0.007 €/m² was found in 2017. Further, effects are larger than average e

Source: Authors’ calculations and illustration based RWI

Dependent var.: Basic rent in €/m². All control variables except for ‘Balcony’, ‘Garden’ and ‘Kitchen’ were included in 

by €0.012 in large cities and €0.008 in urban areas, both per square meter. On the other hand, 

€/m². Corresponding results for the regional subsamples are given in 



– –

Basic rent in €/m²

R² is estimated using the ‘rsquare’
‘modelr’ package in R (Version 4.1.2). RMSE is in €/m². 

Authors’ calculations based RWI



– –

tax on oil and gas which amounts to €25 per ton of CO



– –

We certify that no party having a direct interest in this research’s results sup

ipt’s title page. 



–

https://doi.org/10.1016/j.enbuild.2024.113819


–

–

“perfect world”, the effect of 



–



–

In a “perfect world”, the 

–

–



–

–

–



–

apartment’s structural 𝑊𝑇𝑃 =  𝑓(𝑥, 𝑛) 
a renter’s perspective, 

𝐸[𝑇𝑜𝑡𝑎𝑙𝐶𝑜𝑠𝑡𝑠𝑖𝑒\ = 𝐵𝑎𝑠ℏ𝑐𝑅𝑒𝑛𝑡(𝑋𝑖, 𝑁𝑖) + 𝐸[𝑃𝑒 ⋅ 𝑒𝑝𝑠𝑖\ + 𝑈𝑡ℏ𝑙ℏ𝑡𝑦𝑖 + 𝐸𝑙𝑒𝑐𝑡𝑟ℏ𝑐ℏ𝑡𝑦𝑖𝑋𝑖 𝑁𝑖𝑃𝑒𝑒𝑝𝑠𝑖 𝑈𝑡ℏ𝑙ℏ𝑡𝑦𝑖

𝐸𝑙𝑒𝑐𝑡𝑟ℏ𝑐ℏ𝑡𝑦𝑖
’

𝐸[𝑊𝑎𝑟𝑚𝑅𝑒𝑛𝑡𝑖𝑒\ = 𝐵𝑎𝑠ℏ𝑐𝑅𝑒𝑛𝑡(𝑋𝑖, 𝑁𝑖) + 𝐸[𝑃𝑒 ⋅ 𝑒𝑝𝑠𝑖\ + 𝑈𝑡ℏ𝑙ℏ𝑡𝑦𝑖



–

’

tenants’

𝑃𝑒 ⋅ ∆𝑒𝑝𝑠𝑖



–

’

∆𝐻𝐶 = 𝐸[𝑃𝑒 ⋅ ∆𝑒𝑝𝑠𝑖\ < 0
∆𝐵𝑅 = 0 𝑊𝑅𝑎𝑓𝑡𝑒𝑟 = 𝑊𝑅𝑏𝑒𝑓𝑜𝑟𝑒 + ∆𝐻𝐶 ↓0 < ∆𝐵𝑅 < |∆𝐻𝐶| 𝑊𝑅𝑎𝑓𝑡𝑒𝑟 = 𝑊𝑅𝑏𝑒𝑓𝑜𝑟𝑒 + ∆𝐵𝑅 + ∆𝐻𝐶 ↓∆𝐵𝑅 = |∆𝐻𝐶| 𝑊𝑅𝑎𝑓𝑡𝑒𝑟 = 𝑊𝑅𝑏𝑒𝑓𝑜𝑟𝑒∆𝐵𝑅 = |∆𝐻𝐶| 𝑊𝑅𝑎𝑓𝑡𝑒𝑟 = 𝑊𝑅𝑏𝑒𝑓𝑜𝑟𝑒 + ∆𝐵𝑅 + ∆𝐻𝐶 ↑

∆𝐻𝐶 = 𝐸[𝑃𝑒 ⋅ ∆𝑒𝑝𝑠𝑖\∆𝑒𝑝𝑠𝑖 < 0 ∆𝐵𝑅 ≥ 0, as a decrease in basic rents after refurbishments 

“s warm”)

(i.e., both submarkets “cold” and “warm”)

(referred to as “submarket cold”)



–

–𝑒𝑝𝑠𝑖 𝛽1 –

𝛽1
– in a “perfect world” 

’s

’s side

𝑊𝑎𝑟𝑚𝑅𝑒𝑛𝑡𝑖𝑛𝑡 = 𝛽1𝑒𝑝𝑠𝑖 + 𝑒𝑥𝑝 (𝛼 +  𝛾𝑿𝑖 + 𝛿𝑵𝑛𝑡 + 𝜇𝑡) + 𝘀𝑖𝑛𝑡′

𝑙𝑛(𝑊𝑎𝑟𝑚𝑅𝑒𝑛𝑡𝑖𝑛𝑡 ,  𝛽1𝑒𝑝𝑠𝑖) =  𝛼 +  𝛾𝑿𝑖 + 𝛿𝑵𝑛𝑡 + 𝜇𝑡 + 𝘀𝑖𝑛𝑡



–

– 𝑒𝑝𝑠𝑖 – 𝑿𝑖 𝑵𝑛𝑡 𝜇𝑡𝘀𝑖𝑛𝑡′

𝛽1
– –𝛽1

“submarket warm” 

excluding all observations that have at least one “unknown” factor 

𝛽2
–

– 𝛽2
𝐵𝑎𝑠ℏ𝑐𝑅𝑒𝑛𝑡𝑖𝑛𝑡 = ,𝛽2𝑒𝑝𝑠𝑖 + 𝑒𝑥𝑝 (𝛼 +  𝛾𝑿𝑖 + 𝛿𝑵𝑛𝑡 + 𝜇𝑡) + 𝘀𝑖𝑛𝑡′

𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖 submarkets “cold” and “warm”

only basic rents are disclosed and zero otherwise (Eq. (7)). Using the subsample “warm”, the 



– 𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖

with results for the submarket “warm” sample

𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖 𝑒𝑝𝑠𝑖 ×𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖
𝑙𝑛(𝐵𝑎𝑠ℏ𝑐𝑅𝑒𝑛𝑡𝑖𝑛𝑠𝑑𝑡)=  𝛼 + 𝛽3𝑒𝑝𝑠𝑖 +  𝛽4𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖 + 𝛽5(𝑒𝑝𝑠𝑖 × 𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖) +  𝛾𝑿𝑖+ 𝛿𝑵𝑛𝑡 + 𝜇𝑡 + 𝜏𝑠 + 𝜈𝑑 + 𝜌𝑛 + 𝘀𝑖𝑛𝑠𝑑𝑡𝜇𝑡 𝜏𝑠, 𝜈𝑑 , 𝜌𝑛𝑒𝑝𝑠𝑖𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖 𝛽3 (𝛽3 + 𝛽5)𝑒𝑝𝑠𝑖  ⋅ 𝛽3 𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖  ⋅ (𝛽3 + 𝛽5)

𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖 = {0, 𝑤𝑎𝑟𝑚 𝑟𝑒𝑛𝑡 𝑑ℏ𝑠𝑐𝑙𝑜𝑠𝑒𝑑 (𝑠𝑢𝑏𝑚𝑎𝑟𝑘𝑒𝑡 "warm")1, 𝑜𝑛𝑙𝑦 𝑏𝑎𝑠ℏ𝑐 𝑟𝑒𝑛𝑡 𝑑ℏ𝑠𝑐𝑙𝑜𝑠𝑒𝑑 (𝑠𝑢𝑏𝑚𝑎𝑟𝑘𝑒𝑡 "cold")
       𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖 = {0, 𝑒𝑥𝑎𝑐𝑡 ℎ𝑒𝑎𝑡ℏ𝑛𝑔 𝑐𝑜𝑠𝑡𝑠 𝑑ℏ𝑠𝑐𝑙𝑜𝑠𝑒𝑑1, 𝑜𝑛𝑙𝑦 𝑤𝑎𝑟𝑚 𝑟𝑒𝑛𝑡 𝑑ℏ𝑠𝑐𝑙𝑜𝑠𝑒𝑑                                        



–

In a second step, the submarket “warm” is examined, to test whether the disclosure of explicit 

𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖 𝑒𝑝𝑠𝑖 ×𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖
𝑙𝑛(𝐵𝑎𝑠ℏ𝑐𝑅𝑒𝑛𝑡𝑖𝑛𝑠𝑑𝑡)=  𝛼 +  𝛽6𝑒𝑝𝑠𝑖 +  𝛽7𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖 + 𝛽8(𝑒𝑝𝑠𝑖 × 𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖) +  𝛾𝑿𝑖+ 𝛿𝑵𝑛𝑡 + 𝜇𝑡 + 𝜏𝑠 + 𝜈𝑑 + 𝜌𝑛 + 𝘀𝑖𝑛𝑠𝑑𝑡

y, the full sample as well as the submarket “warm” subsample 

𝛽9𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖𝛽10(𝑒𝑝𝑠𝑖 × 𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖
𝛽1̃ 𝑒𝑝𝑠𝑖

𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖 = 1 𝛽10



–

applying a Cook’s 

“cold”, where only basic rents are given

“warm”

A comparison of the “cold” and “warm” submarkets 

rents, but it also has older and less efficient buildings. An average flat is offered for €7.83 per 

Within the “warm” submarket, a distinction between subsamples according to the disclosure of 

€/m²; however, there are large differences across subsamples

, the basic rent only amounts to 7.50 €/m² which is even less than in 

the “cold” submarket sample. When there is no disclosure of e

warm rent is given, the basic rent amounts to 8.74 €/m², resulting in a difference of 

€/m². The difference between subsamples in terms of the 

€/m².

full information. These costs amount to 1.14 €/m²/months. Nonetheless, 

𝐻𝑒𝑎𝑡𝐶𝑜𝑠𝑡𝑖 ~ 𝛼 +  𝛽𝑒𝑝𝑠𝑖 +  𝘀𝑖

to the disclosure of information about the building’s e



–

“ old” “ arm”

–

(in €/m²/month)

(in €/m²/month)

(in €/m²/month)

(in €/inh)

𝛼 = 44.17 €/month 𝛽 = 0.04502 €/kWh/month 

having low monthly heating costs (< 1 €/m²) is highest in subsample A, where 

heating costs above 2 €/m² is highest in the submarket “cold” sample. O



–



–

(in the submarket “warm”)



–

Submarket “warm” Submarket “warm”

(in €/m²/month)

(in €/m²/month)

(in €/m²/month)

–



–

€/m² if 

𝛽1

€/kWh, the expected monthly heating cost savings would  

be approximately 0.07 €/m². As warm rents only decrease by less than 0.01 €/m², large parts 

–



–

–

–

ly warm rents remains less than 0.01 €/m² for improvements of 

– submarket “warm”

Submarket “warm”

Rent in €/m²/month

using the ‘rsquare’ function from the ‘modelr’ package in R (Version 4.1.2). RMSE in €/m². All apartment 



–

Within this subsample, monthly warm rents decrease on average by 0.03 €/m² when 

€/m². This might be explained due to

that there is a kind of (psychological) “saturation effect” regarding energy efficiency which 



–

If the flat is equipped with a sustainable heating system (cf. “green” technology), effect sizes 

–

€/m² when energy efficiency is improved by 10 kWh/m²a. Apartments that use gas or oil 

warm rents of about 0.01 €/m² or 0.02 €/m², respectively. 

rents decrease on average by 0.02 €/m². Thus, the market for energy efficien

WarmRent in €/m²/month

estimated using the ‘rsquare’ function from the ‘modelr’ package in R (Version 4.1.2). RMSE in €/m². 

the factor “unknown”.

–



–

“cold” and “warm” 

BasicRent in €/m²/month

using the ‘rsquare’
function from the ‘modelr’ package in R (Version 4.1.2). RMSE in €/m². All apartment and neighborhood characteristics are 
included in the regression, including newly built apartments and all observations including the factor “unknown”.

submarket “warm” compared to 

submarket “cold”. –

– €/m² in the 

“cold” and by 0.0 €/m² in the “warm” submarket. Therefore, energy efficiency is more 

–



–

etween the “cold” and “warm” 

€/m²  in the “cold” and by 0.03 €/m² in the “warm” submarket. 

–

€/m²/month

robust standard errors in brackets. *** p <0.001, ** p <0.01, * p <0.05. RMSE in log(€/m²). All apartment and 

𝑏𝑎𝑠ℏ𝑐_𝑜𝑛𝑙𝑦𝑖



–

emerges when looking at the submarket “warm”

𝑤𝑎𝑟𝑚_𝑜𝑛𝑙𝑦𝑖

Submarket “warm”

€/m²/month

robust standard errors in brackets. *** p <0.001, ** p <0.01, * p <0.05. RMSE in log(€/m²). All apartment 



–

heating costs amount to an average of 0.005 €/m²/month. When exact heating costs are not 

sement, additional inefficiencies of 0.004 €/m²/month occur

–

Submarket “warm”

WarmRent in €/m²/month

R² is estimated using the ‘rsquare’
‘modelr’ package in R (Version 4.1.2). RMSE in €/m². All apartment and 

built apartments and all observations including the factor “unknown”.

submarket “warm” sample, using the disclosure of exact heating costs as moderator again, I 

–

, submarket “warm”), yearly warm rents (cf. Table 



–

“Full submarket”, Table 5) and resulting energy cost savings in euro per square meter of living 

In the submarket “warm”, regression results show that basic rents increase on average by 

€/m² per year after a full ener

based EPC, the yearly basic rent increase amounts to 3.55 €/m²; if it has a consumption

based EPC, the surplus is only 0.58 €/m². The expected annual heating cost savings after such 

ishment are approximately 8.71 €/m², computed based on a heating energy price of 

0.0871 €/kWh –

to a decrease in warm rents by 6.72 €/m² (5.16 €/m² for demand based EPCs; 8.13 €/m² for 

–

€/m² 

€/m² per year; for consumption based EPCs, yearly warm rents decrease by 2.88 €/m². 

Taking it the other way round, if the 8.71 €/m² energy cost s

€/m² (consumption: 2.88 €/m²) lower warm rent, then around 7.79 €/m² (consumption: 

5.83 €/m²) should remain as additional income for the property owner in the form of higher 

–



–

regression results only report energy cost savings of 2.91 €/m² per year (left

1.99 € 3.55 € 0.58 € 8.71 €
0.92 € 0.14 € 2.88 € 0.00 €
2.91 € 3.41 € 3.46 € 8.71 €
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–

Germany’s largest real estate internet platform as well as micro



–

–

–

–

–

–

—
–

–

–



–

–

–

–

–

–

–

–

—
— –

–

–

Does “clean” pay off? Housing markets and their 
–

–

–



–

— –

–

–

–

–

–
–

– –

–

–



–

–

–

–

–
tenants’ cost burden in a German field study. Energy Policy 122, 680–



–

𝑾𝒂𝒓𝒎𝑹𝒆𝒏𝒕𝒊𝒏𝒕 €/m²

𝑩𝒂𝒔𝒊𝒄𝑹𝒆𝒏𝒕𝒊𝒏𝒕 €/m²𝒆𝒑𝒔𝒊

€1,000 per capita

𝝉𝒔𝝂𝒅𝝆𝒏𝝁𝒕



–



–



–



–



–



–

–

Submarket “warm”

WarmRent in €/m²/month

using the ‘rsquare’ function from the ‘modelr’ package in R (Version 4.1.2). RMSE in €/m². All apartment 



–

–

Submarket “warm”
Factors = “unknown” excluded.

WarmRent in €/m²/month

Submarket “warm”
Factors = “unknown” 

WarmRent in €/m²/month

using the ‘rsquare’ function from the ‘modelr’ package in R (Version 4.1.2). RMSE in €/m². All apartment 



–

WarmRent in €/m²/month

€/m²/month

WarmRent in €/m²/month

WarmRent in €/m²/month

WarmRent in €/m²/month

‘rsquare’ function from the ‘modelr’ package in R (Version 4.1.2). RMSE in €/m². All apartment and neighborhood 

“unknown”. Exception 1: Heating type information were excluded in Panel 



–

–
Submarket “warm”

Ln(BasicRent) in €/m²/month

log(€/m²). All apartment and 



–



–



–

which have a limited ability to capture ‘real’ small



–

leads to limitations in capturing the complex and ‘authentic’ spat

–



–

–



–

–

–



–

–

„limited quality sample size has been a major drawback for many researchers, leading to few 

relationships“ 



–

–

𝑉𝑗 𝜔𝑗 ∈ *0,1+
𝑉𝑗(𝜔𝑗) =  𝑚𝑗 (𝜋𝑗(𝜔𝑗 , 𝑥𝑗)) + 𝑛𝑗(𝜔𝑗 , 𝑥𝑗 , 𝜔−𝑗, 𝑥−𝑗) + 𝘀𝑗 ;𝑚𝑗𝜋𝑗(𝜔𝑗, 𝑥𝑗) 𝜔𝑗𝑥𝑗

𝜋𝑗(𝜔𝑗 , 𝑥𝑗) =  ,𝐼𝑗 + ∑ 1(1 + 𝛿𝑗)𝑡 𝑂𝑗,𝑡𝑇
𝑡∓1 =  ,𝐼𝑗 + 𝑏(𝑇, 𝛿𝑗)𝑂̅𝑗 

𝐼𝑗 𝛿𝑗 𝑂𝑗,𝑡 𝑂̅𝑗𝑏(𝑇, 𝛿𝑗) 𝑇 𝛿𝑗
𝑛𝑗𝑥𝑗 𝜔−𝑗𝑥−𝑗 𝘀𝑗



–



–



–

–

–

–



–

–



–

𝑌 =  𝛼 +  𝛽𝑋 +  𝘀𝑌 𝑁 × 1 –

– 𝑖 𝑋 𝑁 × 𝐾



–

𝐾 𝑖 𝐾 × 1𝛽 𝛼 𝘀𝑁 × 1
independency between observations. Using a Moran’s I test 

can be extended to models incorporating spatial autocorrelation. Since Moran’s I does not 

𝑊
𝑌 =  𝛼 + 𝜌𝑊𝑌 +  𝛽𝑋 +  𝘀𝜌 𝑌

𝑖 𝑋 𝑖
𝜌𝑊𝑌

dependence in the model’s disturbances. Thus, a certain disturbance in a single grid cell is 

𝑌 =  𝛼 +  𝛽𝑋 +  𝑢, 𝑤𝑖𝑡ℎ 𝑢 =  𝜆𝑊𝑢 +  𝘀𝑊𝑢 𝜆𝘀 𝜎2



–

𝜆 

𝛽

𝑌 =  𝛼 + 𝜌𝑊𝑌 +  𝛽𝑋 +  𝜃𝑊𝑋 + 𝘀𝜌 𝜃 𝐾 × 1
𝑗 𝑖 𝛽

𝑯𝟎: 𝜃 = 0 𝑯𝟎: 𝜌𝛽 + 𝜃 = 0
𝑯𝟎: 𝜃 = 0 𝑯𝟎: 𝜌𝛽 + 𝜃 = 0

𝑊𝑌 𝑊𝑋

𝜃 = 0 



–

𝑿𝑖 𝑖𝑌𝑖 𝑿𝑖 𝑌𝑗
𝑿𝑗𝑖 𝑌𝑖) – 𝛽

𝑊 𝑁 × 𝑁

𝑊𝑖,𝑗  {> 0, 𝑖𝑓 𝑖 𝑎𝑛𝑑 𝑗 𝑎𝑟𝑒 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑠= 0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                            



–



–

scale. The PV data originates from the “ egister (MaStR)” and is obtained 

–



–

ranges from €22,500 t

€72,400, with an average household income of  €48,

“cell based” averaging may also distort other averages compared to the numbers reported in official statistics.



–

No. of PV ≤ 10 kWp/No. of houses

in € 

> 10 kWp and ≤100 kWp



–



–

(in €1,000)

For the model selection, we first tested for spatial correlation in the OLS by calculating Moran’s 



–

Morans’s I for residuals

𝛽𝛽 𝜆 𝜌
𝜌

𝜌



–

𝛽 𝛽 𝛽 𝜃
(in €1,000)

𝛽𝜃
𝜌

–



–

€

€

–



–



–

𝜌



–

–

magnitude of indirect effects even increasing with higher cutoff distances. “Rurality”, which 



–

– –

𝜌

𝛽 𝜃
(in 1,000 €)

𝛽𝜃

–



–

“pilot” installations. For the spillover effe

–



–



–

–

𝜌
𝜌

–



–



–

–

–

–

—

–

–

–

–



–

–

–

–

–

–

–

–

relevance of Hendry’s methodology. Regional Science and Urban Economics 33, 557–

–

–



–

–

–

–

–

–

–

–

–

–
–

–

–



–

—
–

–
–

—

–

–

–



–

–

–

–

–

–

–



–

No. of PV ≤ 10 kWp/No. of houses

in € 

> 10 kWp and ≤100 kWp



–



–



–

𝛽
(in €1,000)

𝜃
(in €1,000)

𝛽𝜃



–

𝛽
(in €1,000)

𝜃
(in €1,000)

𝛽𝜃



–



–

–



–

Tobler’s 

, “everything is related to everything else, but near things are more 

related than distant things” 

–



–

–

–

“Mietpreisbremse”



–

How can the impact of the building’s energy performance on sale prices and rents be 



–



–

0.065 €/kWh

amounts to approximately €2



–

(based on average energy prices for heating of 0.067 €/kWh ) 

–

–

“ ”

–

–



–



–

–



–



–



–



–

–

–

–

–

–

–

–

–

–



–

–

–

–

–

–

–



–

–

–

–

–

–

–

–
–

–

–

–



–

–
–

–

– –

–



–

–

–



–

–
– Emissionen im Bedarfsfeld „Wohnen“. 

–

–

–

–

–

–



–






