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 IMPACT REPORTING 2024
Nachhaltigkeit in der Münchener Hypothekenbank eG

Bereits 2014 hat die Münchener Hypothekenbank (kurz: MHB) den ersten ESG-Pfandbrief in Deutschland begeben. Er beruhte 
auf dem Gedanken des nachhaltigen Wirtschaftens im Sinne unserer Tradition als genossenschaftlich organisierter Langfrist-
finanzierer. Als solcher sind wir den Prinzipien von Solidarität, Identität, Regionalität und Subsidiarität verpflichtet. Wir gehen 
nur tragbare Risiken ein, um das Vertrauen unserer Eigentümer und unserer Kunden nicht zu gefährden. 

Im Jahr 2022 wurde die Nachhaltigkeitsstrategie verabschiedet. Zielsetzung der Strategie ist es, mit den Geschäftsaktivitäten 
der Bank einen Beitrag zur Erreichung der Ziele des Pariser Klimaabkommens zu leisten und die Kompetenzen in der Im-
mobilienfinanzierung für die Schaffung von gesellschaftlichem Mehrwert einzusetzen. Die Bank hat sich hierfür konkrete 
Ziele in sieben Handlungsfeldern gesetzt und mit Leistungsindikatoren ergänzt. Im Jahr 2023 hat die MHB im Rahmen einer 
ergänzenden Nachhaltigkeits-Roadmap zur Umsetzung dieser Strategie die bisher erzielten Fortschritte konkret benannt, 
Zeitpläne und Verantwortlichkeiten aktualisiert, die gesetzten Ziele und Ambitionen nochmals konkretisiert und die daraus 
folgenden Maßnahmen bis Ende des Jahres 2024 festgelegt.

Um alle aktuellen Entwicklungen zu Nachhaltigkeitsthemen zu erfassen, pflegt die Bank einen intensiven Austausch mit 
 anderen Kreditinstituten und Vermittlern direkt sowie über diverse Arbeitsgruppen. Die MHB engagiert sich in Verbänden 
wie dem Verband deutscher Pfandbriefbanken (vdp), dem European Covered Bond Council (ECBC) sowie dem Verein für 
Umwelttechnik (VfU).

Mit dem grünen Darlehen, dem Familiendarlehen und dem grünen Familiendarlehen hat die MHB für ihre Privatkunden 
 soziale und ökologische Nachhaltigkeitsdarlehen entwickelt. Auf der Aktivseite (Darlehen) wurden die Vertriebskanäle bei den 
Volksbanken und Raiffeisenbanken mit unseren nachhaltigen Produkten erheblich ausgeweitet. Bei gewerblichen Immobilien 
orientiert sich die Bank an sehr hohen Standards für nachhaltige Zertifikate. 

Die hohe Granularität im gesamten Darlehensportfolio der Bank spiegelt sich somit auch im grünen Anteil des Portfolios zur 
Freude der Investoren wider.

In der Refinanzierung konnten so viele neue, dezidiert nachhaltige Investoren gewonnen werden. 
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Kriterien für nachhaltige Darlehen

Im Green Bond Framework der MHB sind die Eignungskriterien für die nachhaltigen Darlehen in der privaten und gewerb-
lichen Immobilienfinanzierung schriftlich fixiert, die sich für die nachhaltige Refinanzierung eignen. Die MHB hat seit 2021 
die vpd Markenlizenz für die Wortmarke ,,Grüner Pfandbrief“. Die gewählten Kriterien für die Auswahl der Darlehen für das 
Impact Reporting erfüllen daher auch die Mindeststandards des vdp.

EIGNUNGSKRITERIEN FÜR NACHHALTIGE DARLEHEN

private Wohnimmobilien
Grüne Darlehen

Gewerbeimmobilien
Nachhaltigkeitszertifizierte Darlehen

Kriterien

Wohnimmobilien mit einem Jahresprimär energiebedarf von 
max. 70kWh/m2 (bis April 2020)

DGNB (mind. Gold oder Platin)

und oder

Wohnimmobilien mit einem Jahresprimär energiebedarf von 
max. 55kWh/m2 (ab Mai 2020)

BREEAM (mind. Sehr Gut, Exzellent oder Herausragend)

oder oder

alte und neue KfW Förderprogramme für energie-effizientes Bauen LEED (mind. Gold oder Platin)

oder oder

Top 15% des nationalen Gebäudebestands bzgl.  
Energieeffizienz in der Schweiz oder Minergie Zertifikat

HQE (mind. Exzellent oder Herausragend)

Info: oder

Darlehen seit November 2015 mit Bestandsschutz BREEAM NL (mind. 40% oder besser)

oder

Energieausweis (EPC) (mind. Level A oder besser)

oder

Top 15% des nationalen Gebäudebestands bzgl. Energieeffizienz

Die Gewährung von Zinsnachlässen für grüne Darlehen, selbst bis zu einer Laufzeit von 30 Jahren, unterstreicht das auf 
Langfristigkeit ausgerichtete Nachhaltigkeitsengagement der MHB. Dies entspricht den Zielen des EU Sustainable Finance 
Action Plan. 

Bei der Vergabe von Nachhaltigkeitsdarlehen im gewerblichen Bereich müssen die Immobilien über ein anerkanntes Nach-
haltigkeitszertifikat mit zusätzlichen Mindestkriterien verfügen oder strengen Ansprüchen an die Energieeffizienz genügen. 
Darüber hinaus hat die MHB für den gewerblichen Bereich kontroverse Geschäftsfelder definiert. Wenn der Darlehensnehmer, 
der wirtschaftlich Berechtigte oder der (Haupt-)Mieter in Zusammenhang mit folgenden Geschäften stehen, so ist die Vergabe 
eines Nachhaltigkeitsdarlehens ausgeschlossen:

	■ Kohle/fossile Energien (Unternehmen, die mehr als 30% ihres Umsatzes mit Kohlegewinnung oder -verstromung erzielen 
oder mit der Gewinnung von Öl aus Ölsanden)

	■ Rüstung (Unternehmen, die kontroverse Waffen herstellen (Minen/Anti-Personen-Minen, Streubomben, atomare/bio-
logische/chemische Waffen, uranhaltige Munition) oder mit diesen handeln

	■ Tabak (Unternehmen, die mehr als 5% ihres Umsatzes mit Tabak erzielen)
	■ Glückspiel (Unternehmen, die kontroverse Formen des Glücksspiels betreiben, d.h. Casinos, Wettbüros, Spielhallen, Her-

stellung von Glückspielautomaten; staatliche Casinos sind erlaubt)
	■ Rotlicht (Unternehmen mit Umsätzen aus Pornographie oder Prostitution)
	■ Umweltverstöße (Unternehmen, die im Zusammenhang mit schweren Umweltverstößen stehen)
	■ Menschenrechte (Unternehmen, die im Zusammenhang mit Menschenrechtsverletzungen stehen)
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Nachhaltige Refinanzierung grüner Assets

DDie MHB verfügt über ein Green Bond Framework, welches die Anforderungen der ICMA Green Bond Principles erfüllt. In 
diesem Framework hat sich die Bank klare Ziele gesetzt und weist eine Palette an nachhaltigen Refinanzierungsprodukten 
aus.

Die nachhaltige Refinanzierung kann auf die folgenden nachhaltigen Produkte im Geld- und Kapitalmarkt zurückgreifen:

	■ Grüne AT 1
	■ Grüne Tier 2
	■ Grüne Pfandbriefe
	■ Grüne Senior Bonds (Preferred und Non-Preferred)
	■ Grüne Commercial Paper (CP)
	■ Grüne Kundeneinlagen
	■ Grüne Termingelder

 
Auf der Passivseite für die Refinanzierung standen zum Stichtag 30.06.2025 26 nachhaltige Anleihen aus in EUR und CHF. 
Das gesamte ausstehende Volumen beläuft sich auf rund EUR 5,6 Milliarden per 30.06.2024.

Transparenz und Reporting

Um die Transparenz für das gesamte grüne Portfolio (und nicht nur für Assets, die bereits in Deckung gebucht sind) zu ge-
währleisten, werden Investoren regelmäßig im Allokationsreporting über das Wachstum des gesamten Portfolios informiert. 

Darüber hinaus finden unsere Investoren folgende Informationen zum Thema Nachhaltigkeit auf unserer Internetseite:

	■ Nichtfinanzieller Bericht
	■ Green Bond Framework
	■ Second Party Opinion
	■ Impact Reporting
	■ Allokationsreporting 

Der Impact Report weist die vermiedenen Treibhausgasemissionen durch das Programm für grüne Hypothekendarlehen und 
zertifizierte Gewerbegebäude aus. Zum Stichtag per 30.06.2024 wies das gesamte grüne Portfolio der Bank eine Höhe von 
EUR 12.303 Mio. auf, davon konnte ein Volumen von 12.188 Mio. bezüglich Treibhausgasemissionen bewertet werden. Die 
Anzahl der bewerteten nachhaltigen Darlehen verteilt sich auf 31.021 grüne Darlehen für Privatkunden mit einem Volumen 
von EUR 7.950 Mio. und auf 248 nachhaltig zertifizierte, gewerbliche Immobilienfinanzierungen mit einem Volumen von EUR 
4.688 Mio.

Kooperation mit dem Wuppertal Institut

Der Impact Report wird für die MHB vom Wuppertal Institut für Klima, Umwelt, Energie erstellt, dem für die Analyse die rele-
vanten Details für jedes einzelne nachhaltige Darlehen (unter Berücksichtigung des individuellen Datenschutzes) zur Ver-
fügung gestellt wurden.

Die MHB bedankt sich für die angenehme und konstruktive Zusammenarbeit mit dem Wuppertal Institut. Im Dialog werden 
immer wieder Ansatzpunkte gefunden, die Datenqualität für die Ermittlung der CO2-Emissionen zu verbessern und damit auf 
zukünftige Anforderungen vorbereitet zu sein.
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On behalf of Münchener Hypothekenbank e.G., the Wuppertal Institute has analysed the impact of 
the bank’s (i) Green Mortgage Loan Programme, (ii) the financing of certified commercial buildings as well 
as (iii) the Top 15% of primary energy demand compared to national building stocks (EU Taxonomy 
criterium), which are already partly re-financed by the ESG and green Pfandbriefe as well as several Green 
Senior Funding Products1. Overall, EUR 12,303m (reporting date 30th June 2024) were assessed, of which 
EUR 12,188m (99%) could be quantified in terms of potential annual greenhouse gas (GHG) emission 
reductions. Quantified green residential loans amount to 63% or EUR 7,950m and certified commercial 
buildings make up 37% or EUR 4,688m of the quantified assets. The increase in green residential 
construction loans from EUR 3,900 million in 2023 to EUR 7,950 in 2024 is the result of adjusted criteria 
from defining green loans in accordance with the vdp minimum standard. The following figure shows the 
loan share of all assets analysed according to their type (residential or commercial) and the availability of 
data for their assessment (ranging from A for best to D for weakest data availability). Assets with the 
highest data quality (A) make up 26.3% of the green portfolio and 10.6% of the quantified financed GHG 
savings.   

 

The loans cover new and refurbished buildings with high energy efficiency standards that are expected to avoid 
greenhouse gas (GHG) emissions compared to current buildings in stock in Germany and other countries in 
Europe, the United Kingdom and the USA. The eligibility of the underlying green bond framework2 as well as the 
criteria of the current asset pool has been verified by ISS-ESG3. 

 

 
1 see https://www.mhb.de/sites/default/files/downloads/2023-08/20230630_Allokationsreporting.pdf for green allocation reporting 
2 see  https://www.muenchenerhyp.de/sites/default/files/downloads/2022-03/mhyp_Green_Bond_Framework_2021_de_04_links_final.pdf 
3 see https://www.muenchenerhyp.de/sites/default/files/downloads/2022-03/M%C3%BCnchner%20Hypo%20SPO_3_2022.pdf 

* Shares were rounded up and might therefore not correspond to 100.0% 

Residential A -
high data quality

1,5% Residential B -
medium data 

quality
24,6%

Residential C - low 
data quality

35,4%

Residential D -
very low data 

quality
0,0%

Commercial A -
high data quality

24,8%

Commercial B -
medium data 

quality
4,7%

Commercial C -
low data quality

3,0%

Commercial D -
very low data 

quality
5,9%

Loans in the Portfolio analysed in this report (EUR 12,188m)

https://www.mhb.de/sites/default/files/downloads/2023-08/20230630_Allokationsreporting.pdf
https://www.muenchenerhyp.de/sites/default/files/downloads/2022-03/mhyp_Green_Bond_Framework_2021_de_04_links_final.pdf
https://www.muenchenerhyp.de/sites/default/files/downloads/2022-03/M%C3%BCnchner%20Hypo%20SPO_3_2022.pdf
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Buildings financed under the residential green mortgage programme (RES) usually achieve a maximum annual 
primary energy demand of 70 kWh per square-metre until the end of April 2020 and below 55 kWh from the 1st 
of May 2020 onward. Commercial objects (COM) in the asset pool are certified with top level DGNB, BREEAM, 
LEED, HQE or EPC standards.  
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The report at hand estimates GHG savings based on final energy used and saved in the portfolio on an 
annual basis4. The results are calculated with bottom-up models for energy savings in buildings. Reference for 
GHG savings is the current energy demand in the buildings stock and the GHG emissions of the current energy 
provision. The results tables in the annex describe the main assumptions and data requirements for the 
assessment. For a more detailed look, an update of the method paper will be published at 
https://wupperinst.org/en/p/wi/p/s/pd/1975. The main changes compared to previous report is the inclusion of 
specific energy carriers (and the respective GHG emission intensities) for both building portfolios as well as 
changes to the definition of data qualities. The latter has been made possible due to more granular data provided 
by the issuer.  

It has been estimated that the buildings investigated will avoid greenhouse gas emissions of 
1.72 million tonnes5 of CO2 equivalents until the end of their loan term. The Münchener Hypothekenbank finances 
these buildings with an overall share of approximately 45% on average, thus inducing savings of approximately 
46 kilotonnes CO2-equivalents every year or 778 kilotonnes until end of term (see figure below). 

 

It is also possible to evaluate the efficiency of the impacts (see figure below, referring to overall effects 
regardless of share of financing). On average, annual energy savings for the buildings in the portfolio amount to 
32 kWh per square metre and year (kWh/sqm*a) for commercial mortgages and 48 kWh/sqm*a for residential 
mortgages (impact efficiency compared to the current building stock). The slightly lower effect for commercial 
buildings can be mostly explained by an increase in the green building portfolio (leading to higher overall emission 
savings, but smaller savings per area). The impact efficiency for residential buildings is comparable to the 
reference values for 2019 to 2023, but is the lowest impact efficiency so far.  

 
4 GHG effects of residential buildings are limited to heat use, whereas GHG effects of commercial building can include the electricity use of buildings. 
5 All information regarding mass is given in metric tonnes.  

* Quantities in tons were rounded up and might not sum up to 835 kt. 

Residential A - high 
data quality

8.500 tonnes Residential B -
medium data quality

345.300 tonnes

Residential C - low 
data quality

278.100 tonnes
Residential D - very 

low data quality
0 tonnes

Commercial A - high 
data quality

73.800 tonnes

Commercial B -
medium data quality

27.400 tonnes

Commercial C - low 
data quality

10.900 tonnes

Commercial D - very 
low data quality
34.000 tonnes

Financed Potential GHG savings until end of term (778,000 tonnes)

http://wupperinst.org/en/p/wi/p/s/pd/1975
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This can be mainly explained by an increase of buildings in the portfolio as well as changes to building stock 
in Germany over time. The first data set investigated in 2019 comprised of merely 3,700 buildings with strong 
emphasis on newly constructed buildings and low availability of data regarding both the energy demand of 
buildings in the portfolio as well as the energy demand of buildings in stock. The dataset for the current report on 
the other hand comprises of more than 31,000 buildings with a wide variety of building types and construction 
periods as well as highly granular building and reference data. Although the impact efficiency declined in the 
current larger portfolio, the results are therefore more accurate than in any impact report published before. The 
recent changes to the methodology on the other hand (tightening of data quality standards), are not the main 
reasons for the deviation, since a comparative assessment based on the (less accurate) methodology from the 
previous impact report showed that this portfolio would perform even slightly weaker from an investment 
perspective (see the updated method paper for an analysis). This change is however responsible for a shift in data 
categories (since buildings of data quality B in the current report would have been considered quality A with the 
previous methodology).  

 

  

RES # 2019 
53 kWh/(sqm*a)

RES # 2020 
53 kWh/(sqm*a)

RES # 2021
59 kWh/(sqm*a)

RES # 2022
65 kWh/(sqm*a)

RES # 2023
53 kWh/(sqm*a)

RES # 2024*
49 kWh/(sqm*a)

COM #2019 
22 kWh/(sqm*a)

COM #2020 
20 kWh/(sqm*a)

COM #2021*
34 kWh/(sqm*a)

COM #2022
20 kWh/(sqm*a)

COM #2023
44 kWh/(sqm*a)

COM #2024
32 kWh/(sqm*a)

0 kWh/(sqm*a) 50 kWh/(sqm*a)

* Data availability and thus methods for estimating the effects have changed over several Impact 
Reports. Not all changes can therefore be traced back to differences in the portfolio of buildings alone.

Impact Efficiency*: Heat Savings per Building (average of all buildings)
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From the point of view of investments into the loan programme (only financed impacts), 4.1 tonnes of CO2-
equivalents are saved per year and million Euro for commercial mortgages (t CO2e / (EURm*a)), compared to 
3.6 tonnes for residential mortgages (see figure below). In total, 3.8 tonnes of CO2-equivalents are saved per year 
and million Euro invested in 2024 (compared to 4.4 tonnes in 2023).  

The annualized financial performance of both commercial and residential buildings has decreased. The 
main reason for the small decline in residential buildings are the low investment performance of type A buildings 
(with more granular data compared to previous years) as well as the higher accuracy of the GHG effect from 
incorporating the actual energy carrier in type A and type B buildings into the calculations. For commercial 
buildings, the decline can mostly be attributed to additional buildings that perform slightly weaker on average 
than buildings that have already been assessed in previous reports, but also to a slightly lower overall share of 
financing (45% compared to 49% in the previous report).  

 

  

RES # 2019 
5,5 t CO2e / (EURm*a)

RES # 2020 
4,9 t CO2e / (EURm*a)

RES # 2021
4,5 t CO2e / (EURm*a)

RES # 2022
5,0 t CO2e / (EURm*a)

RES #2023
4,1 t CO2e / (EURm*a)

RES # 2024
3,6 t CO2e / (EURm*a)

COM #2019 
1,9 t CO2e / (EURm*a)

COM #2020
1,8 t CO2e / (EURm*a)

COM #2021
2,0 t CO2e / (EURm*a)

COM #2022
1,7 t CO2e / (EURm*a)

COM #2023
4,7 t CO2e / (EURm*a)

COM #2024
4,1 t CO2e / (EURm*a)

0,0 t CO2e / (EURm*a) 5,0 t CO2e / (EURm*a)

* Data availability and thus methods for estimating the effects have changed over several Impact 
Reports. Not all changes can therefore be traced back to differences in the portfolio of buildings alone.

Investment Efficiency*: Estimated GHG savings per million EUR financed 
(average of all buildings)
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Residential Mortgage Loans (RES) 
The residential mortgages analysed in this report are financed with a share of approximately 46% on 

average (accounting for EUR 7,500m) and a loan period of 23 years. Most loans continue to finance new and 
refurbished single-family homes. The loans induce (financed) GHG savings of circa 26.7 kilotonnes per year or 
632 kilotonnes until the end of loan term (in reference to the building stock in the TABULA6 dataset) 7. However, 
all buildings are expected to save further GHG emissions until the end of their lifetime.  

Some buildings might exhibit a higher efficiency in terms of electricity use, generating further GHG savings 
compared to the reference buildings. Many of the buildings might also have more GHG efficient heating systems 
installed in the future (all buildings in categories B, C and D are assumed to be heated by an average mix of energy 
carriers), thus inducing further emissions savings compared to the building stock and its conventional fossil fuel 
heating mix. 

Commercial Mortgage Loans (COM) 
The commercial mortgages assessed in this report account for approximately EUR 4,688m. With a financed 

share of 45% on average, these loans help to induce GHG savings of 19.3 kilotonnes per year or 146 kilotonnes 
until the end of loan term (9.3 years on average).  

The effects were calculated based on estimations for total energy savings. Reference data for comparison 
(non-residential buildings in stock in each EU country8) was drawn from the EU Building Stock Observatory9. It 
is assumed that the actual GHG savings for these buildings are higher compared to the conservative approach in 
the report at hand because data availability was low for about 23% of the buildings (buildings of type C or D). 
Information on the use of specific energy carriers (rather than a standard mix) was available for buildings of 
category A and B (which are thus considered more accurate).  

Updated Methodology 
Improvements in the available data provided by the issuer were sufficient for an update of the calculation 

methodology as well. All changes in this regard are documented in the upcoming update of the method paper 
which accompanies the impact report every year. This includes a further analysis of the changes in results as well 
as full calculation script (R) for the residential building portfolio. The main update of the methodology relates to 
the data quality categories. More information, as well as more accurate information, on the energy mix in the 
buildings (those that were then considered of data quality A or B) led to a higher data quality standard but also to 
a streamlined approach for energy carrier selection and its specific GHG intensity.   

Outlook 
The report at hand is based on the largest and most accurate dataset provided by the issuer so far. 

This enabled further data analysis as well as more accurate results. Future impact assessment will 
investigate the option to directly incorporate some of the additional information on e.g. Energy 
Performance Certificates (EPC) and direct reporting of GHG emissions10.   
 

 
6 see https://webtool.building-typology.eu/#bm (reference values updated in December 2024) 
7 The very low primary energy demand of some buildings indicates that renewable energy is produced at site.  
8 The data can be found here: https://energy.ec.europa.eu/document/download/f09b2e17-00e4-46e0-88ae-970fc15a716f_en?filename=data0.xlsx. 
9 https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/eu-building-stock-observatory_en 
10 It is unclear at this point if such data can be directly used, since reported EPC values are sometimes highly unreliable metrics and often based in non-

homogeneous approaches (further discussed by the authors in an upcoming publication on the EU taxonomy 15%-criterium). However, the 
improvements in the datasets over time now also comprise further information on these certificates themselves, which might warrant an extension 
of the data quality categories and could justify the direct use of these values in form of GHG emissions of some of the buildings.   

http://webtool.building-typology.eu/#bm
http://energy.ec.europa.eu/document/download/f09b2e17-00e4-46e0-88ae-970fc15a716f_en?filename=data0.xlsx
http://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/eu-building-stock-observatory_en


Impact analysis of the Münchener Hypothekenbank Green Portfolio #2024 

Wuppertal Institut | 8 

Annex  
The following results are presented in accordance with the current Harmonized Framework for Impact 

Reporting (ICMA, June 2024)11. In addition to the ICMA recommendations, effects are also distinguished 
between overall building performance (full effect) and financed outputs (financed). The results now also show the 
gross building area as an additional metric.  

The impact analysis is confined to the avoidance of greenhouse gas (GHG) emissions during the loan period 
of the buildings (ex-ante). They refer to the Global Warming Potential over 100 years (GWP 100a) in form of CO2-
equivalents for all GHGs according to the characterisation factors in the IPCC reports (Intergovernmental Panel 
on Climate Change). Although annual effects can be multiplied with the loan periods to estimate the overall 
performance, this should be evaluated with caution. The surrounding systems for both energy and building 
systems change over time with a high probability of smaller GHG emission reductions every year. Moreover, loans 
are paid back during this period, which means that the attribution to these potential reductions by the issuer 
diminishes over time as well.   

The main assumptions are directly referenced in the table. For more detail, an updated method and data 
paper will be published on the Website of Wuppertal Institute.  

 
 

 
11 see https://www.icmagroup.org/assets/documents/Sustainable-finance/2024-updates/Handbook-Harmonised-Framework-for-Impact-

Reporting-June-2024.pdf 
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32 kWh
Jährliche Energieeinsparung pro m2 
für Gewerbeimmobilien

48 kWh
Jährliche Energieeinsparung pro m2 
für private Wohnimmobilien

+
≈

778.000 Tonnen
Eingesparte bzw. vermiedene CO2-Emissionen 
bis zum Ende der Laufzeit (finanzierter Anteil)

≈
218 Mio. km
Autofahrt mit einem  
Mittelklassebenziner *

3.872
Erdumrundungen mit  
dem Flugzeug *

4.423 Personen
Durchschnittliche jährliche CO2-Emissionen 
in Deutschland **

3,8 Tonnen
Eingesparte bzw. vermiedene CO2-Emissionen pro Jahr und investierter Million Euro

* Berechnungsgrundlage: 1 t CO
2
 = 6.098 Pkm mit dem Auto oder 4.202 Pkm Flugstrecke (TREMOD 2023)

** Berechnungsgrundlage: Pro-Kopf-Emissionen in Deutschland (2024) 10,4 t/Jahr (Quelle: BMUV)

oder

EINSPARUNGEN AUF 
E INEN BL ICK
Die positiven Auswirkungen der refinanzierten Gebäude mit Fokus auf Energieeffizienz in 
unserem grünen Portfolio belaufen sich auf folgende Werte:

14 Münchener Hypothekenbank
Impact Reporting 2024
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The paper at hand presents the principles and methods applied for the impact 
assessment of the green building portfolio by the mortgage bank (residential and 
commercial property financing) MünchenerHyp. For further information and the 
newest published impact report see 
https://www.mhb.de/de/unternehmen/nachhaltigkeit/esg-und-gruene-anleihen.  

1 Rationale for Methodology 
MünchenerHyp aims to quantify the potential positive climate effects from green 
buildings in their portfolio. Green buildings in this context are expected to have a 
lower energy demand for heating compared to similar buildings of the same type and 
in the same countries. The selection of eligible buildings is not part of the impact 
assessment and entirely in the hands of the mortgage bank (in line with their Green 
Bond Framework 2021 in MünchenerHyp (2022)). However, a second party opinion 
is available that corroborates the claim that these buildings fulfil the minimum 
energy standards and exceed them in most cases (ISS ESG, 2022).  

The rationale of the impact assessment is that the financing and/or ownership of 
commercial and residential buildings with low energy demands avoid greenhouse gas 
emissions, that would otherwise have been emitted from conventional buildings in 
the overall stock used for the same purpose. Since other stakeholders are involved in 
this process (other shareholders, owners, rentals), we define this process as 
"financing potential greenhouse gas reductions". The functional unit is metric tons 
CO2-equivalents (or CO2e) per building and share of financing (1% to 100%). As a 
normalized unit of comparison, tons CO2-equivalents (or CO2e) per million € 
(EUR m) financed are calculated as well. The global warming potential refers to 100 
years (GWP 100a) and is calculated with the help of characterization factors for 
Kyoto-Gases by the IPCC (AR5).  

This rationale is in line with current market practices as suggested by the ICMA 
Green Bond Principles as well as Harmonized Framework for Impact Reporting 
(ICMA, 2024). This handbook suggests the two core indicators "Annual Energy 
Savings" and "Annual GHG emissions reduced/avoided". Both the required GHG 
accounting methodology and the required definition of benchmark, base-line or 
reference system are described in the paper at hand.  

The core rationale of GHG savings in the MHyp green building portfolio can be 
operationalized as follows: 

https://www.mhb.de/de/unternehmen/nachhaltigkeit/esg-und-gruene-anleihen
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◼ Premise 1: "Green Buildings" have a lower energy demand than buildings in stock in 

a given country. 

◼ Premise 2: Each unit of saved energy that is provided with the help of fossil fuels 

thus "saves" GHG emissions compared to a case in which the same building would 

have been as efficient as an average, but similar, building in stock.  

◼ Premise 3: Each loan or mortgage in the green building portfolio either represents a 

modernisation, a new construction or a change in ownership (purchasing).  

◼ Conclusion 1: For buildings that are modernized in regard to their energy demand 

("becoming green buildings"), these GHG savings are actualized as absolute 

"reduced" emissions in a given country.  

◼ Conclusion 2: For newly constructed green buildings, these GHG savings constitute 

"avoided" emissions compared to a case in which an average, but similar, building 

was added to the building stock1.  

◼ Conclusion 3: For green buildings that are purchased, these GHG savings constitute 

"avoided" emissions compared to a case in which an average, but similar, building 

was added to the issuer's portfolio.  

◼ Conclusion 4: In cases in which a single building in the portfolio exceeds the 

expected GHG emissions of an average, but similar, building in stock (violating P1 

and P2), the indicator of reduced/avoided emissions takes on a negative value (thus 

reducing the overall GHG savings of buildings in the impact report).  

2 Framework 
The input data from the issuer contains information on the type of buildings and in 
some cases also the purpose of buildings. The original impact assessments thus 
classified the results according to these building types (e.g., office and storage 
buildings, or single-family and multi-family homes). The most recent version of our 
methodology (2.0) changed that by focusing on so-called data-classes instead. The 
idea behind is that the reader (e.g. an investor) gets a sense of the reliability of the 
results in each category based on the details of data available in each category.  

This is achieved by assigning each case (buildings in the portfolio) to 1 out of 4 
classes for the quality of data and the resulting calculation: 

▪ Type A: high data quality 
▪ Type B: medium data quality 
▪ Type C: low data quality 
▪ Type D: no data (estimates) 

The next section describes how these data cluster are assigned to the two main asset 
classes (1) commercial buildings (COM) and (2) residential buildings (RES) and how 

–––– 
1 It should be noted that other methodologies (including an approach of the authors in another project), treat newly constructed 

sometimes differently. A common alternative is to consider the minimum building standard in a country as the baseline, 
rather than the average energy demand of a building type in a given construction period as defined here.  
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the current methodology (3.0) differs from the attribution in the last method paper 
(2.0).  

The following sections then describe further changes to the methodology and then 
lay out the calculation rules for each data class in both asset classes.  

2.1 Method Update of the Matrix for Data Quality 
The following table summarizes the input data availability for the four data classes 
for both commercial (COM) and residential (RES) buildings in the portfolio.  

The current dataset for residential buildings can be distinguished from the previous 
data set in the following manner: 

▪ There is now information on the energy-performance rating (EPC class) of a portion of 
the buildings. 

▪ In cases for which this energy-performance is known, there is information on both the 
primary energy requirement and final energy demand as well as (in almost all cases) 
information on the energy carrier or energy supply (e.g. district heating) used to 
provide heat in the building.  

Since this information allows to calculate more accurate GHG savings against the 
reference stock of buildings, we decided to change the definition of data classes. The 
best case, or data class A for high-quality data, is now defined by information on both 
the specific energy demand and the energy carrier for heating. Accordingly, the 
previous class A data is now considered data class B, which means it is mostly 
described by the availability of the primary energy requirement of the buildings. 
Accordingly, former data class B now becomes C, and C becomes D. This corresponds 
to the data available, since there are no longer buildings in the data set for which the 
building space is unknown (previous definition of data class D).  

These changes are depicted in Table 2-1, which now also better aligns the already 
very similar approach for COM buildings with the update to RES data classes.  

Table 2-1: data criteria for selection of data class and description of data class update for 
RES 

Type A:  
high data quality 

B:  
medium data quality 

C:  
low data quality 

D:  
very low data 
quality 

COM, 
(3.0) 

financing data | 
final energy demand | 
building type | 
net conditioned area* | 
energy carrier 

financing data | 
primary energy demand 
| 
building type | 
net conditioned area | 
energy carrier 

financing data | 
primary energy 
demand*| 

building type | 
net conditioned area | 

financing data | 
net conditioned area | 
building type 

 

COM, 
old 
(2.0) 

financing data | 
final energy demand | 
building type | 
net conditioned area | 
energy carrier 

financing data | 
primary energy 
demand | 
building type | 
net conditioned area | 
energy carrier 

financing data | 
net conditioned area | 
energy carrier 

financing data | 
net conditioned area 
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Type A:  
high data quality 

B:  
medium data quality 

C:  
low data quality 

D:  
very low data 
quality 

RES,  
new 
(3.0) 

financing data | 
final energy demand** 
AND fed < ped* | 
year of construction | 
building type | 
living space | 
energy carrier* 

financing data | 
primary energy demand 
| 
year of construction 
building type 
living space 

financing data | 
year of construction | 
building type | 
living space 

financing data | 
building type | 
living space missing OR 
below 10 m2 

RES, 
old 
(2.0) 

financing data | 
primary energy 
demand| 
year of construction | 
building type | 
living space 

financing data | 
year of construction | 
building type | 
living space | 

financing data | 
building type | 
living space 

financing data | 
building type 

* most buildings in the data set are reported as 'living space' but there are a few cases in which this data entry is empty 
but the 'net conditioned area' is given instead 
** new / updated data availability criteria 

Source: own compilation 

2.2 Method Update of the conditions for data removal 
The small sample of COM buildings allows for a data analysis on a case-by-case basis. 
This means that only cases in which either the financing data or the building area 
was not available are excluded from the assessment, as the small sample size also 
entails that a sample approach to derive an average size to cost ratio is not feasible. 
However, one building was also removed from the dataset after a second assessment 
of its eligibility for the green building portfolio by the issuer. 

The larger sample of RES buildings on the other hand, does allow for a sample 
approach to derive the size to cost ratio on average. However, there are a number of 
buildings for which either the financing data or the building area seem to be a data 
entry artefact. We thus exclude all cases in which values for the loan volume are 
lower than 1,000 EUR and all cases in which there is a value for the building size but 
it is lower than 10m2. 

Out of a total of 190 buildings in COM, 16 buildings were not assessed and 1 building 
removed from the dataset. Out of a total of 42,986 buildings in RES, 22 buildings 
were not assessed.  

2.3 Method Update of the assignment of energy-carriers 
The dataset by the issuer now includes input data on the type of energy carriers used 
for some of the RES buildings (this information was already included in previous 
emissions for COM buildings). This information indicates, limited to Data Class A 
assets, what type of energy carrier is used to heat each building (including warm 
water). 

There are three options regarding the energy carrier used for energy demand: 

▪ no indication of any of the options 
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▪ indication of one particular energy carrier 
▪ indication of more than one energy carrier 

However, there is no information regarding the share of different energy carriers in 
cases for which more than one option is indicated. Our methodology reflects this by 
introducing a prioritization criterion that results in the selection of one energy carrier 
in each case.  

To achieve this purposes, we first match all options to a set of super-categories that 
can be represented by average or typical metrics for the primary energy factor (used 
to compare actual buildings in the portfolio to the reference stock of buildings) and 
greenhouse gas (GHG) emission intensity in kg CO2e per kWh and m2. This 
matching is shown in the following Table 2-2. 

After a first test-run, two additional cases had to be distinguished.  

The selection of local & district heating can entail both a typical district heating 
source (represented by an average production of co-produced heat from fossil and 
renewable sources) and a purely renewable choice. The latter would also logically 
entail that the primary energy demand of the buildings is lower than its final energy 
demand (since the primary energy demand from e.g. sun, wind or biomass is usually 
not accounted for). This can only be tested for category A buildings, which by 
definition, have information on both energy metrics. 

The second problem arises from the selection of the category of environmental 
energy, since this can entail a whole range of heating options. However, almost all 
options require auxiliary electricity from a heat pump, which in most cases, would be 
at least partially provided by installed photovoltaics. Since this information is not 
available, we opt to use GHG intensities derived from primary energy provision in 
Germany rather than selecting the average electricity mix in Germany if the final 
energy demand is known. These intensities are regularly updated for Germany (Lauf 
et al., 2023a) for different types of heat pumps, with the electric air-water heat pump 
having the highest electricity demand. 
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Table 2-2: matching of energy carrier categories in input data to calculation categories 

Input Category NRW.BANK 
(German) 

Input Category NRW.BANK 
(translation) 

Calculation Category for GHG 
effects 

Braunkohle lignite 

coal 
Steinkohle anthrazite 

Koks coke 

Stadtgas coal gas 

Erdgas H natural gas, high caloric 

gas Erdgas L natural gas, low caloric 

Flüssiggas liquid gas 

Heizöl, leicht light heating oil 
oil 

Heizöl, schwer heavy fuel oil 

Holz wood 

wood Holzhackschnitzel wood chips 

Holzpellets wood pellets 

Nah-/Fernwärme local heat & district heat 
PED < FED: remote biogas 

Other: average district heating mix  

Umweltenergie environmental energy ped-air-water-pump* 

Strom electricity electricity 

Sonstiges other standard reference mix 

* Several distinct options can lead to the selection of ‘environmental energy’ in the data set by the issuer. These 
vary in regard to the GHG intensity of energy provision (e.g. emission-free solar thermal energy versus water-
air-heat pumps with electricity demand). We decided to opt for the most likely option here, which refers to the 
typical primary energy demand for a water-air heat pump on average in Germany. 

Source: own development 

The second step is to decide which energy carrier is selected for calculation if there 
are multiple choices (e.g. a building heated by both light heating oil and 
environmental energy). This selection process is guided by two conventions: 

▪ Convention 1: if electricity (input data indication) and some other energy carrier is 
indicated, it is assumed that the first is merely used to heat water 

▪ Convention 2: if two or more energy carriers are indicated that are not labelled as 
electricity, the energy carrier with the higher GHG intensity is selected (with heat 
pumps considered to be fueled with electricity but in an energy-efficient manner) 

Convention 1 is met for pragmatic reasons by assuming that it conforms to reality in 
almost all cases. Convention 2 on the other hand is a conservative assumptions which 
ensures that potential GHG savings (the result of the calculations) are not 
overestimated.  

The matching from step 1 and the conventions from step 2 are then used to set-up 
the following prioritization rules in Table 2-3. 
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Table 2-3: prioritization rules for energy carrier selection 

Case Rule 

No energy carrier is indicated in the input data. We select the "standard reference mix" for energy 
carriers for heating in Germany (in accordance with 
previous impact reports). 

Only one particular energy carrier is indicated OR 
at least two energy carriers are indicated belonging 
to the same super-category  
OR one particular energy carrier is indicated as well 
as electricity or "other". 

We select the energy carrier matching in our 
matching table that is not electricity or indicated as 
"other" (e.g. light heating oil -> "oil"). 

More than one energy carrier is selected. We select the energy carrier with the highest GHG 
emissions in the following order: coal >> oil >> gas 
>> district heating >> heat pump >> wood. 

Source: own compilation 

2.4 Calculation for Commercial buildings (COM) 
There are 189 contracts in the commercial portfolio that refer to 173 assessable 
buildings (portfolio until June 2024). These buildings are large and mainly used as 
offices for rentals. Some of the buildings are also either fully used as storage facilities 
or consist of large areas that are not heated. The buildings are located in Germany 
(DE), United Kingdom (GB), Netherlands (NL), Spain (ES), France (FR),  Austria 
(AT), Luxemburg (LU), and the United States (US).  

The calculation method for potentially avoided GHG emissions draws on the 
difference for the energy demand of the building in the portfolio compared to similar 
buildings in the European, UK and US building stock of office buildings.  

If all the relevant data is available, the following equation (ACOM) is used for Type A 
buildings (99 buildings): 

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝐶𝐶𝐶𝐶𝐶𝐶−𝐴𝐴  =  (𝑓𝑓𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑐𝑐𝑎𝑎𝑐𝑐𝑟𝑟,𝑏𝑏) 𝑥𝑥 𝑔𝑔ℎ𝑔𝑔𝑐𝑐𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟𝑟𝑟 𝑥𝑥 𝑎𝑎𝑎𝑎𝑓𝑓𝑎𝑎𝑛𝑛𝑟𝑟𝑛𝑛−𝑐𝑐𝑎𝑎𝑛𝑛𝑎𝑎 [𝑘𝑘𝑔𝑔 𝐶𝐶𝐶𝐶2 − 𝑓𝑓𝑒𝑒𝑒𝑒./ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑓𝑓𝑏𝑏𝑏𝑏𝑔𝑔 𝑝𝑝. 𝑎𝑎. ] (ACOM) 

with 

 GHGavoid, COM-A: potentially avoided GHG emissions for type A data in [kg CO2e] 
 fedref,c:   total final energy demand for heating of non-residential buildings in stock in country [kWh] 
 fedcase,c:  specific total final energy demand of building in case [kWh/m2] 
 areanet-cond:  net-conditioned area of the building in [m2] 
 ghgcarrier:  GHG intensity of the energy carrier (heat) in [kg CO2e/kWh] 

We use data from the EU Building Stock Observatory for buildings in EU countries 
(European Commission, 2023), data from Non-domestic National Energy Efficiency 
Data-Framework for buildings in the UK (Department for Business, Energy & 
Industrial Strategy, 2022) as well as data from the Commercial Buildings Energy 
Consumption Survey for buildings in the US (U.S. Energy Information 
Administration, 2018) to derive the average total final energy demand of non-
residential buildings in stock (fedref,c).  

It is also assumed that primary data on the primary energy demand of the buildings 
lead to similarly robust results, although additional data is necessary to convert 
primary energy demand in a country into the final energy demand for the building 
user. For this purpose, so-called primary-energy-factors or PEFs are used, which 
describe the ratio of energy conversion between primary energy used by a certain 
carrier to provide the final energy demand in a system (here buildings).   
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Equation BCOM is therefore considered to deliver robust results for Type B data in the 
following manner (12 buildings in the dataset).  

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝐶𝐶𝐶𝐶𝐶𝐶−𝐵𝐵  =  (𝑓𝑓𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐 −
𝑝𝑝𝑟𝑟𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏
𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

)  𝑥𝑥 𝑔𝑔ℎ𝑔𝑔𝑐𝑐𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟𝑟𝑟 𝑥𝑥 𝑎𝑎𝑎𝑎𝑓𝑓𝑎𝑎𝑛𝑛𝑟𝑟𝑛𝑛−𝑐𝑐𝑎𝑎𝑛𝑛𝑎𝑎  [𝑘𝑘𝑔𝑔 𝐶𝐶𝐶𝐶2 − 𝑓𝑓𝑒𝑒𝑒𝑒./ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑓𝑓𝑏𝑏𝑏𝑏𝑔𝑔 𝑝𝑝.𝑎𝑎. ] (BCOM) 

with 

 GHGavoid, COM-B: potentially avoided GHG emissions for type A data in [kg CO2e] 
 fedref,c:   specific final energy demand for heating of non-residential buildings in stock in country [kWh] 
 pedcase,c:  specific primary energy demand of building in case [kWh/m2] 
 areanet-cond:  net-conditioned area of the building in [m2] 
 ghgcarrier:  GHG intensity of the energy carrier (heat) in [kg CO2e/kWh] 
 PEFcarrier: primary energy factor for energy carrier in [kWh/kWh] 

For buildings of type C, only data on the conditioned area and the primary energy 
demand is available, but the heating system is considered to be the “standard mix”. 
Accordingly, the equation for C buildings (14 in the dataset) is very similar to B 
buildings but relies on an average GHG intensity factor as well as a plausible primary 
energy factor (we assumed a PEF of 1.1 from gas as main energy carrier): 

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝐶𝐶𝐶𝐶𝐶𝐶−𝐶𝐶  =  (𝑓𝑓𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐 −
𝑝𝑝𝑟𝑟𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑏𝑏
𝑃𝑃𝑃𝑃𝑃𝑃𝑔𝑔𝑐𝑐𝑐𝑐

)  𝑥𝑥 𝑔𝑔ℎ𝑔𝑔𝑠𝑠𝑛𝑛𝑎𝑎𝑛𝑛𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎 𝑥𝑥 𝑎𝑎𝑎𝑎𝑓𝑓𝑎𝑎𝑛𝑛𝑟𝑟𝑛𝑛−𝑐𝑐𝑎𝑎𝑛𝑛𝑎𝑎 [𝑘𝑘𝑔𝑔 𝐶𝐶𝐶𝐶2 − 𝑓𝑓𝑒𝑒𝑒𝑒./ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑓𝑓𝑏𝑏𝑏𝑏𝑔𝑔 𝑝𝑝. 𝑎𝑎. ] (CCOM) 

with 

 GHGavoid, COM-C: potentially avoided GHG emissions for type A data in [kg CO2e] 
 fedref,c:   specific final energy demand for heating of non-residential buildings in stock in country [kWh] 
 pedcase,c:  specific primary energy demand of building in case [kWh/m2] 
 areanet-cond:  net-conditioned area of the building in [m2] 
 ghgstandard: average GHG intensity for heat provision in [kg CO2e/kWh] 
 PEFgas:  primary energy factor for gas in [kWh/kWh] 

The remaining cases in the dataset refer to buildings without information on the 
energy demand. We assume that these buildings of data quality D (48 buildings in 
the dataset) achieve at least a light renovation standard which corresponds to a 
primary energy demand saving of 16% compared to the building stock (European 
Commission et al., 2019, p. 24):  

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝐶𝐶𝐶𝐶𝐶𝐶−𝐷𝐷  =  (𝑓𝑓𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟,𝑐𝑐 𝑥𝑥 0.16 𝑥𝑥 𝑔𝑔ℎ𝑔𝑔𝑠𝑠𝑛𝑛𝑎𝑎𝑛𝑛𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎 𝑥𝑥 𝑎𝑎𝑎𝑎𝑓𝑓𝑎𝑎𝑛𝑛𝑟𝑟𝑛𝑛−𝑐𝑐𝑎𝑎𝑛𝑛𝑎𝑎  [𝑘𝑘𝑔𝑔 𝐶𝐶𝐶𝐶2 − 𝑓𝑓𝑒𝑒𝑒𝑒./ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑓𝑓𝑏𝑏𝑏𝑏𝑔𝑔 𝑝𝑝.𝑎𝑎. ] (DCOM) 

with 

 GHGavoid, COM-C: potentially avoided GHG emissions for type C data in [kg CO2e] 
 fedref,c:   specific final energy demand for heating of non-residential buildings in stock in country [kWh] 
 ghgstandard: average GHG intensity for heat provision in [kg CO2e/kWh] 
 areanet-cond:  net-conditioned area of the building in [m2] 

2.5 Calculation for Residential Buildings (RES)  
There are 31,021 buildings in the input data, of which 30,997 buildings could be 
assessed (24 buildings were removed due to implausible or missing data). They are 
grouped into the categories single-family house (SFH), multi-family house (MFH) 
and terrace house (TH). No building in the dataset is supposed to have a higher 
primary energy demand than 70 kWh/a as defined by the issuer's framework or 55 
kWh/a if the building was financed after the 1st of May 2020.  

For buildings of type A (456 buildings), the financing data, final demand, living 
space, building type, energy carrier and year of construction are known. The 
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following equation (ARES) is considered to deliver the most robust result for impact 
reporting (updated in the current version of 3.0 compared to method paper 2.0): 

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑅𝑅𝑅𝑅𝑅𝑅−𝐴𝐴 =  (fed𝑟𝑟𝑟𝑟𝑟𝑟,𝑏𝑏 ∗ 𝑔𝑔ℎ𝑔𝑔𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎) −  (fed𝑐𝑐𝑎𝑎𝑠𝑠𝑟𝑟,𝑏𝑏 ∗ ghg𝑐𝑐𝑎𝑎𝑠𝑠𝑟𝑟) ∗ 𝐴𝐴 [𝑘𝑘𝑔𝑔𝐶𝐶𝐶𝐶2 − 𝑒𝑒𝑒𝑒𝑒𝑒.∕ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑔𝑔]  (ARES) 

with 

 GHGavoid,RES-A: potentially avoided GHG emissions for type A data in [kg CO2e] 

 fedcase,b: specific final energy demand of building in case [kWh/m2a] 

 fedref: specific final energy demand of buildings of the same type in stock at year of construction [kWh/m2a] 

 ghgstandard: GHG intensity of standard mix for heating in residential buildings in Germany in [kg CO2e/kWh] 

 ghgcase: GHG intensity of selected energy carrier for heating of building in case [kg CO2e/kWh] 

 A: living space as conditioned area in  [m2] 
 

For buildings of type B (11,168 buildings), only the primary energy demand is known 
or the final energy demand is known but it is higher than the primary energy 
demand. In this case, the standard mix for heating of residential buildings in 
Germany is attributed to the primary energy saving2 of the building in question 
compared to a building in stock in the same construction period. This constitutes the 
second-best robustness for the results:  

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑅𝑅𝑅𝑅𝑅𝑅−𝐵𝐵 = (ped𝑟𝑟𝑟𝑟𝑟𝑟 −  ped𝑐𝑐𝑎𝑎𝑠𝑠𝑟𝑟,𝑏𝑏)  ∗ 𝑔𝑔ℎ𝑔𝑔𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎 ∗ 𝐴𝐴 [𝑘𝑘𝑔𝑔𝐶𝐶𝐶𝐶2 − 𝑒𝑒𝑒𝑒𝑒𝑒.∕ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑔𝑔] (BRES) 

with 

 GHGavoid,RES-B: potentially avoided GHG emissions for type B data in [kg CO2e] 

pedcase,b: specific primary energy demand of building in case [kWh/m2a] 

 pedref: specific primary energy demand of buildings of the same type in stock at year of construction [kWh/m2a] 

ghgstandard: GHG intensity of standard mix for heating in residential buildings in Germany in [kg CO2e/kWh] 

 A: living space as conditioned area in  [m2] 
  

For buildings of type C (19,372 buildings), the financing data, the living space, the 
building type and year of construction are known. Since we do not have information 
on the actual primary energy demand of these buildings, we use the eligibility criteria 
of the issuer instead. This means that each building in this sample has a maximum 
primary energy demand (ped70/55) of either 70 or 55 kWh/(m2a) depending on the 
year the building was initially financed (with the lower value for buildings financed 
after 1st of May 2020). 

  

–––– 
2 Earlier versions of the methodology additionally calculated the difference in final energy demand on the basis of a so-called 

primary energy factor (PEF) for all data class types. Although this should, in theory, increase the accuracy of the results 
(reflecting the building specific energy difference without system-wide energy utility parameters), it also led to additional 
sources for errors, since this approach requires assumptions on the unknown conversion of primary to final energy in each 
building.  
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𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑅𝑅𝑅𝑅𝑅𝑅−𝐵𝐵 = (ped𝑟𝑟𝑟𝑟𝑟𝑟 −  ped70/55)  ∗ 𝑔𝑔ℎ𝑔𝑔𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎 ∗ 𝐴𝐴 [𝑘𝑘𝑔𝑔𝐶𝐶𝐶𝐶2 − 𝑒𝑒𝑒𝑒𝑒𝑒.∕ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑔𝑔] (CRES) 

with 

 GHGavoid,RES-C: potentially avoided GHG emissions for type C data in [kg CO2e] 

Ped70/55: maximum specific primary energy demand of buildings in portfolio according to issuer in [kWh/m2] 

 pedref: specific primary energy demand of buildings of the same type in stock at year of construction [kWh/m2a] 

ghgstandard: GHG intensity of standard mix for heating in residential buildings in Germany in [kg CO2e/kWh] 

 A: living space as conditioned area in  [m2] 

Data for buildings of type D (1 building), in addition to the restrictions of type C 
buildings, also lacks information on the living space of the buildings. As this data is 
available for all other buildings, a cost factor is calculated the allows to estimate the 
living space. It is drawn from the 3rd quartile of the total costs3 per square-metre (or 
1st quartile of square-metre per costs) of all other buildings in the sample in order to 
ensure a conservative estimate for the resulting avoided GHG emissions in equation 
DRES.  

𝐺𝐺𝐺𝐺𝐺𝐺𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎,𝑅𝑅𝑅𝑅𝑅𝑅−𝐵𝐵 = (ped𝑟𝑟𝑟𝑟𝑟𝑟 −  ped70/55)  ∗ 𝑔𝑔ℎ𝑔𝑔𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎 ∗ 𝐹𝐹 ∗ 𝑏𝑏𝑏𝑏𝑙𝑙𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑟𝑟  [𝑘𝑘𝑔𝑔𝐶𝐶𝐶𝐶2 − 𝑒𝑒𝑒𝑒𝑒𝑒.∕ 𝑏𝑏𝑒𝑒𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑔𝑔] (DRES) 

with 

 GHGavoid,RES-D: potentially avoided GHG emissions for type D data in [kg CO2e] 

Ped70/55: maximum specific primary energy demand of buildings in portfolio according to issuer in [kWh/m2] 

 pedref: specific primary energy demand of buildings of the same type in stock at year of construction [kWh/m2a] 

ghgstandard: GHG intensity of standard mix for heating in residential buildings in Germany in [kg CO2e/kWh 

F: total costs of building in [EUR] 

livsample: financed living space per total costs, 1st quartile of sample in [m2/EUR] 

 

All equations have been integrated into a calculation script that can be found in the  
 
 
 
 
 
 

Appendix to this report.  

  

–––– 
3 The loan volume and share of financing is known in each case, such that the total costs can be derived even if the market value 

is not known.  
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3 Data and Assumptions 

3.1 Data and assumptions for commercial building portfolio 
The following table summarizes the data sources and assumptions for the calculation 
of commercial (COM) buildings in the portfolio. 

Table 3-1: data and assumptions for impact assessment of non-residential buildings (COM) 

Data Sources Assumptions 

primary data on buildings direct input data and additional building 
information (e.g., certificates) by client  

COM 1)  
If specific energy demands or information 
on heating systems is only available for 
parts of a building complex, the entire 
complex is assumed to have this energy 
demand 

COM 2)  
If several heating systems are mentioned, a 
main heating system is selected according 
to the prioritization rules described in 
section 2.3  

building stock data EU Building Stock Observatory for EU 
countries (European Commission, 2023) 

Non-domestic National Energy Efficiency 
Data Framework  for UK (Department for 
Business, Energy & Industrial Strategy, 
2022) 

Energy Information Administration (EIA)- 
Commercial Buildings Energy 
Consumption Survey (CBECS) Data for US 
(U.S. Energy Information Administration, 
2018) 

COM 3) 
European and UK data refers to all non-
residential building types 

COM 4) 

US data refers to office as well as retail 
buildings 

primary energy saving 
from renovation 

average of renovation activities in 
European non-residential buildings 
(European Commission et al., 2019, p. 24) 

COM 5) 
Class D buildings are assumed to have 
undergone a light-renovation (16% PED 
saving) 

primary energy factors  gas, heating oil, district heating, electricity 
default values according to the 2012 
concerted action report (CEN) cited in 
Hitchin et al. (2018, p. 3) 

renewables defined to have a PEF of 1 in 
line with a review of the default primary 
energy factor (Esser et al., 2016) 

COM 6) 
renewables have a PEF of 1 

GHG intensity factors GHG intensity of district heating refers to 
oekobau.dat data for Germany cited in the 
DGNB framework for climate-neutral 
buildings and locations (DGNB, 2020, p. 
61) 

GHG intensities of gas, oil, coal, biomass 
and wood are derived from the Joint 
Research Centre (JRC et al., 2024)  

The GHG intensity for heat-pumps is based 
on data by the Federal German 
Environmental Agency UBA (Lauf et al., 
2023b) 

COM 7) 
German district heating value (120-400 
kW, conventional as well as renewable) is 
used for other countries as well  
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Data Sources Assumptions 

The GHG intensities for electricity in a 
given country are derived from the IFI 
Dataset of Default Grid Factors v.3.1 (IFI, 
2022) 

Source: own compilation 

3.2 Data and assumptions for residential building portfolio 
The following table summarizes the data sources and assumptions for the calculation 
of retail buildings (RES) in the portfolio. 

Table 3-2: data and assumptions for impact assessment of residential buildings (RES) 

Data Sources Assumptions 

primary data on buildings direct input data and additional building 
information by client 

RES 1) 
If several heating systems are mentioned, a 
main heating system is selected according 
to the prioritization rules described in 
section 2.3 | if no heating system can be 
derived or not information is available, the 
standard heating mix for Germany is 
selected 

RES 2) 
Primary energy demand at least 70 kWh/a 
until April 2020 and at least 55 kWh/a 
from May 2020 onward (defined by issuer) 

building stock data TABULA WebTool (IWU- Institut Wohnen 
und Umwelt, Darmstadt / Germany, 2012) 

RES 3) 
Building stock are represented by "existing 
state" in TABULA building typology 

RES 4) 

Difference in primary energy demand of 
two buildings equals difference in final 
energy demand of two buildings 

primary energy factors  GEG Regulation, Annex 4 (Gesetz zur 
Einsparung von Energie und zur Nutzung 
erneuerbarer Energien zur Wärme- und 
Kälteerzeugung in Gebäuden* 
(Gebäudeenergiegesetz - GEG), 2020) 

RES 5) 
The standard mix has a PEF of 1.1 
(representing oil/gas) 

GHG intensity factors GHG intensity of district heating refers to 
oekobau.dat data for Germany cited in the 
DGNB framework for climate-neutral 
buildings and locations (DGNB, 2020, p. 
61) 

GHG intensities of electricity, gas, oil, coal, 
biomass and wood are derived from the 
Joint Research Centre (JRC et al., 2024)  

The GHG intensity for heat-pumps is based 
on data by the Federal German 
Environmental Agency UBA (Lauf et al., 
2023b) 

- 

building area Data on the conditioned size is drawn from 
the data provided by the client 

RES 6) 
We assume that the 1st Quartile of building 
size over building costs in the sample 
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Data Sources Assumptions 

In cases, in which this data is not available, 
the average ratio of size over building costs 
is derived directly from the sample 

represents a conservative estimate for the 
proxy value. 

Source: own compilation 

3.3 Limitations of the methodology 
The methodology prioritizes accuracy over consistency. This means that the result of 
the impact assessment for each case (one building in the dataset) relies on the 
available data and thus on a calculation rule that is determined by the data quality 
that is assigned according to this data availability. 

This, in turn, influences whether the results in each data quality category are under- 
or overestimated compared to the results in each other data quality category. The 
following Figure 3-1 depicts this on the example of data A buildings in the RES 
dataset compared to data B buildings (and in fact also data C as well as data D 
buildings). It also briefly introduces the sources of errors that all buildings in the 
sample suffer from. These errors are either caused by the way in which Energy 
Performance Certificate values are reported in Germany or by the way in which the 
datasets does not allow for a distinction between energy use for space-heating 
compared to any other type of energy use in the buildings.  
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Figure 3-1: sources for errors in GHG emission savings of type B|C|D versus type A 
buildings  

 
Source: own compilation 

All data, assumptions and calculations shown here are, nonetheless, suitable to 
estimate conservative estimates for the avoided GHG emission potentials. The energy 
savings in the actual buildings compared to buildings in stock are often expected to 
be larger than shown here and in the impact assessment. It is also likely that many of 
the residential buildings achieve their low primary energy demands with the help of 
heating systems other than gas and oil. In these cases, an additional GHG saving 
effect would have to be considered that is caused by the difference in GHG intensities 
of the energy carriers (e.g., biomass versus gas).  

In terms of overall accuracy, the lack of data for electricity use leads to less accurate 
results. This affects the primary energy demand of the buildings, as the share of heat 
and electricity use might differ strongly compared to the building stock. Commercial 
buildings in particular are also expected to be more electricity-efficient than their 
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counterparts in the building stock, while many residential buildings are equipped 
with photovoltaic panels for their own electricity production (at less than 50 g CO2-
equivalents per kWh).   

Moreover, that stock approach can – and has indeed – led to increased GHG 
emissions for some buildings in the sample. This is the case when the actual energy 
demand of a building exceeds the expected energy demand of similar buildings in 
stock. These values have been included in the calculation and thus led to lower GHG 
savings overall than a sub-sample of buildings for which only savings are considered.  

3.4 Reference data for comparison with literature 
The quantification method results in a number of specific characteristics of both 
building samples. The specific final heat demand (fed) for COM and the specific 
primary energy demand (fed|ped) for RES buildings are documented here (see 
following table). These values can be compared to literature to evaluate the energy 
efficiency of the buildings in the portfolio. 

Table 3-3: average specific energy demand of COM and RES buildings in the current sample  

Data type specific energy demand, 
COM specific energy demand, RES 

A fed: 98 kWh/m2a fed: 27 kWh/m2a 

B fed: 122 kWh/m2a ped: 31 kWh/m2a 

C fed: 113 kWh/m2a ped: 63 kWh/m2a 

D fed: 150 kWh/m2a ped: 70 kWh/m2a 

weighted Average fed: 129 kWh/m2a not applicable 

Source: own compilation 

 

  



Method Paper 3.1 

20 | Wuppertal Institute 

4 Analysis 
Previous impact reports utilized 'what-if' questions to show the impact of the 
methodology, and in particular the influence of the data classification, on the results. 
This was a feasible approach due to the nature of data-processing. However, with an 
increasing number of buildings in the residential data set, automatic data-filtering 
and -processing via a R-script was not only feasible, but necessary to calculate the 
results. This enables us to look at the results in a more traditional, descriptive 
statistical, manner. 

The following sections analyse the results in the residential data in the current report 
under this perspective. The reason why we limit this analysis to the residential data 
set is, again, data availability and sample size. While we can derive meaningful 
insights from looking at 'habitable' buildings in a sample of more than 30,000 
buildings in Germany, the same does not apply to a much smaller sample (189 
assessed buildings) of non-residential buildings in 8 different countries (with the 
USA as one country outside of Europe with distinctly different climate zones within 
its borders). Moreover, these non-residential buildings are a lot larger in size and are 
put to different purposes (e.g. office space versus storage space). This means that a 
few 'outliers' can have a large influence on the overall results and average values, 
although calculated, do not provide the same type of 'meaningful' insights here. Even 
a comparison between the commercial (non-residential) dataset in the current report 
versus the dataset in the previous report, will likely not help with this endeavour, 
because most of the buildings in the current assessment were already assessed in the 
previous one.  

4.1 Influence of the changes in data classification for residential buildings 
The following Table 4-1 compares the current results (also shown in the impact 
report) with the results, if we had continued to use the previous methodology and 
database. There are three main differences: (i) slight changes in the reference values 
of buildings in stock (after an update of the TABULA database), (ii) slight changes in 
the rules for excluding single loans from the assessment, and (iii) a new data class A 
that considers specific energy carriers of buildings as well as their final energy 
demand. We can thus focus our attention on data class A buildings in the old 
methodology compared to the sum of data A and data B buildings in the new 
methodology.  

We find that 

▪ there is a minor difference in the loan volumes (explained by changes in 
the rules for exclusion), 

▪ financed emissions with the new method are higher than financed 
emissions with the old method (despite a smaller loan volume and despite 
lower energy demand of buildings in stock), 

▪ and consequently, that the so-called investment efficiency is higher with 
the new method (both for the smaller set of higher data classes and the 
total data set). 

We can thus conclude that the new method provides results in favour of the issuer 
(higher potential GHG savings). Moreover, we find that this is warranted, since the 
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new method requires more, and more detailed data and uses the newest available 
dataset for buildings in stock. We can further predict that either the final energy 
demand or the use of specific energy carriers for data type A buildings or both are 
responsible for the slightly higher GHG savings.  

Table 4-1: comparison of results with previous compared to current methodology 

Metric for comparison New Method Old Method Matching 

Loan Volume from buildings 
with PED values 

3,179 mEUR 3,182 mEUR 

Data Class A&B in 
new method vs A in 
old method 

Financed GHG emission savings 
from buildings with PED values 

14.5 kt CO2e/a 13.5 kt CO2e/a 

Investment Efficiency from 
buildings with PED values 

4.56 t/(mEUR*a) 4.35 t/(mEUR*a) 

Loan Volume 
 

7,499 mEUR 7,506 mEUR 

totals 
Total financed GHG emission 
savings 

26.7 kt CO2e/a 25.1 kt CO2e/a 

Total Investment Efficiency 
 

3.6 t/(mEUR*a) 3.3 t/(mEUR*a) 

Source: own compilation 

4.2 Comparisons between type A and type B residential buildings 
Our main metrics of comparison between data categories are 'building efficiency' 
(specific energy demand), 'impact efficiency' (heat saving per building) and 
'investment efficiency' (financed GHG savings per loan volume). All three are 
influenced by a number of factors, such as the ratio of living space over market value 
and the energy performance of buildings, which in turn, depend on further metrics 
such as the construction year or type of building. Given our methodology, only data 
class A does not rely on additional 'relevant' assumptions here, whereas data class B 
only relies on the additional 'relevant' assumption of an average energy mix for 
heating that can be controlled for. 

This means that an analysis should be restricted to these two data classes in light of 
the differences in these three metrics, which are listed in the following Table 4-2.  

Table 4-2: metrics for analysis of residential dataset 

Data type no of buildings 
[1] 

building 
efficiency 
[kWh/(m2*a)] 

impact 
efficiency 
[kWh/(m2*a)] 

investment 
efficiency 
[t CO2e/EURm] 

A 456 fed: 26.8 51.6 2.1 

B 11,168 ped: 31.1 70.3 4.7 

A+B+C+D total:  not applicable average: 49 average: 3.6 

Source: own compilation 
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Looking at these metrics as well as the methodological framework, we can establish 
the following facts: 

1 | The sample of data A buildings is a lot smaller than the sample of data B 
buildings (by a factor of 24). 

2 | Type A buildings come with information on the specific energy carrier, 
which might or might not be associated with higher or lower GHG 
emissions per area compared to type B buildings. 

3 | Although the type A buildings are slightly better performing in regard to 
their energy performance, this comparison is flawed because the one refers 
to final (A) and the other to the primary energy demand (B). 

4 | The overall energy savings on the level of buildings are larger in type B 
than type A (circa 36% higher), which is likely influenced by the difference 
between the energy performance of the building and the average demand 
of the referenced building stock. 

5 | The investment efficiency for type B buildings is a lot higher than for type 
A buildings (factor 2.2), which is likely influenced by the market value of 
these buildings.  

At first glance, it thus seems to support the hypothesis that type A buildings (H1) 
have a similar energy performance, (H2) are compared to a stock of buildings with 
lower energy demand (reducing the effect of saved GHG emissions lineated in 
chapter 1), and (H3) have a higher market value per area. Additionally, we can test 
whether fact (2) (specific versus generic energy provision) has influenced the results 
as well (H4) to the detriment of GHG savings for type A buildings.  

The following Figure 4-1 depicts the energy performance (building efficiency) of type 
A and type B buildings (H1), and Figure 4-2 the referenced energy demand of 
buildings in stock that these buildings are compared to (H2). The first figure clearly 
shows that there is a very similar distribution of energy demand, with type B 
buildings lightly skewed to the right compared to type A buildings. The average 
energy demand of both classes is very similar as a result. The second figure than 
shows that reference buildings for type A are more broadly distributed than their 
counterpart for type B, but that the majority of these referenced datapoints exhibit a 
lot lower energy demand (with type B buildings averaging around 100 kWh/(m2*a) 
versus less than 50 kWh/(m2*a) for type A buildings). This lends credence to the 
hypothesis that type A buildings perform weaker than type B buildings because, 
among possibly other reasons, their slightly lower energy performance does not 
compensate for the already better performing set of reference buildings in stock.  
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Figure 4-1: histogram of specific energy demand of type A and type B buildings 

 
Source: own compilation 

Figure 4-2: histogram of referenced energy demand of buildings in stock for A and B 

 
Source: own compilation 

As to the question of building costs (H3), the f0llowing Figure 4-3 depicts the prices 
of the buildings in the data set (derived from the living space, the market value and 
share of financing by the issuer). We find that buildings in data class A are indeed 
more expensive and thus any ‘financed’ GHG effect will be lower if buildings would 
be compared that only differ in price but nothing else.  
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The final hypothesis (H4) explained the lower performance of type A buildings by 
assuming that their specific GHG intensity is higher than for the average value used 
in type B buildings. The following Figure 4-4 depicts a histogram of GHG intensities 
(GHG emissions per kWh and m2) used in both building types. It clearly shows that, 
while there are some type A buildings with very low GHG intensities (likely from 
renewable sources), the average value for A is a lot higher than for B. It stands to 
reason that affected the GHG savings from type A buildings to their detriment and 
that it is mainly caused by a large share of buildings that used electricity as their 
main source of energy for heating (see section 2.3).  

Figure 4-3: price per square-metre of buildings in the dataset and their average values 

 
Source: own compilation 
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Figure 4-4: histogram of used GHG factors for Class A and B 

 
Source: own compilation 

4.3 Synthesis of Analysis 
The main insights from the analysis are: 

1 | The use of more detailed data on the final energy demand and specific 
energy sources of buildings (new data class A) not only leads to more 
accurate results but also revealed that the actual energy savings of the 
issuer’s building are higher than previously thought.  

2 | These buildings with data class A distinguish themselves from other 
buildings in the dataset in that they are (a) younger buildings, are (b) more 
expensive, and (c) often rely on energy carriers that are more GHG 
intensive than average buildings in Germany.  

We know from (1) that more data in the future is not only likely to improve accuracy 
but also the impact potential of the issuer’s buildings. Our findings on (2) on the 
other hand show that the surprisingly low investment efficiency of type A buildings 
can be explained by the differences between type A and type B buildings. This, in 
turn, suggests that data availability happens to be higher for buildings from a more 
recent construction year, as this metric would also explain the availability of 
information on energy use and carriers as well as higher prices.  
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Appendix:  
Documentation of Impact Assessment of RES buildings 

 



Documentation	Impact	Reporting	Mhyp	2023
2024-08-19

1.	Load	the	necessary	packages	and	input	data
First,	the	necessary	packages	and	input	data	is	loaded	and	minor	data	ajustments	are	performed.

library(readxl)

library(collapse)

library(openxlsx)

library(stringr)

#ghg_factor		<-	231	#	gCO2	/	kWh

#pef									<-	1.1	#	primary	energy	factor

###	Input	###

path	<-	str_split(rstudioapi::getSourceEditorContext()$path,"02	CALCULATION")[[1]][1]

coltypes	<-	c(rep("guess",20),rep("text",16),rep("guess",12))

input	<-	read_excel(paste(path,"01	INPUT/Input	Data	Residential_update.xlsx",sep=""),sheet="Input	Residential",col_types	=	coltypes)

#	Zeros	are	transformed	into	NAs

input[which(input$Wohnfläche==0),"Wohnfläche"]																																				<-	NA

input[which(input$`Jahresprimär-energiebedarf`==0),"Jahresprimär-energiebedarf"]		<-	NA

#	Some	values	were	manually	corrected	by	MHyp.	The	corrected	values	are	drawn	from	an	additional	column

idx_corr_fed	<-	which(input$`FED,	korrektur`!=0)

input[idx_corr_fed,"Jahresendenergie-kennwert	(kWh/m2*a)"]	<-	input[idx_corr_fed,"FED,	korrektur"]

idx_corr_ped	<-	which(input$`PED,	korrektur`!=0)

input[idx_corr_ped,"Jahresprimär-energiebedarf"]	<-	input[idx_corr_ped,"PED,	korrektur"]

#	Lifetime	is	calculated	based	on	start	end	ending

input["laufzeit"]	<-	as.numeric((input$`Zinsbindungs-ende`	-	input$Laufzeitbeginn)	/	365)

#	Transform	share	in	percent	(misleading	header,	column	contains	shares)

input["Anteil	MHB	in	%"]	<-	input["Anteil	MHB	in	%"]	*	100

#	Energy	carriers	"others"	to	standard	mix

input[which(input$WI_energycarrier	==	"other"),"WI_energycarrier"]	<-	"standard_mix"

#	Import	Energy	Carrier

energy_carriers	<-	read_excel(paste(path,"01	INPUT/Input	Data	Residential_update.xlsx",sep=""),sheet="GHG-Intensity	(energy_carrier)")

2.	Classification
Not	all	required	information	is	given	for	all	buildings.	In	order	to	adress	this	problem,	a	scheme	for	data	quality	classifiaction	was	introduced	(see	Mhyb	GB	2022).	With	the	current	bond,	this	scheme	was

updated:

Class	A	is	now	defined	by	the	presence	of	data	regarding	final	energy	demand	and	specific	information	on	the	used	energy	carrier.

Class	B	is	the	former	class	A	(Primary	Energy	Demand,	Area,	Building	Type	and	Year	of	construction	needed)

Class	C	is	the	former	class	B	(Area,	Building	Type	and	Year	of	construction	needed)

Class	D	is	defined	by	the	presence	of	data	regarding	Building	Type	and	Year	of	Construction.

If	none	of	these	conditions	are	met	or	the	financial	volume	is	less	than	1000	€	(which	is	regarded	as	outlier),	the	class	“noclass”	is	given.	In	order	to	not	mix	up	indexes,	these	outliers	are	kept	and	will	be

discarded	at	the	very	end.



input[which(is.na(input$Wohnfläche)),"Wohnfläche"]	<-	input[which(is.na(input$Wohnfläche)),"Bezugsfläche	gem.	Ausweis"]

input["class"]				<-	character(nrow(input))

idx_A	<-	which(	input$WI_energycarrier	!=	"standard_mix"

																&	is.na(input$`Jahresendenergie-kennwert	(kWh/m2*a)`)==F

																&	input$`Jahresendenergie-kennwert	(kWh/m2*a)`	<	input$`Jahresprimär-energiebedarf`

																&	is.na(input$`Wohnfläche`)==F)

input[idx_A,"class"]	<-	"A"

idx_B	<-	which(	is.na(input$`Effektivkapital	in	Vertragswährung`)==F

																&	is.na(input$`Jahresprimär-energiebedarf`)==F

																&	is.na(input$`Wohnfläche`)==F

																&	is.na(input$Objektart)==F

																&	is.na(input$Baujahr)==F	

																&	input$class	!=	"A")

input[idx_B,"class"]	<-	"B"

idx_C	<-	which(	is.na(input$`Effektivkapital	in	Vertragswährung`)==F

																&	is.na(input$`Wohnfläche`)==F

																&	is.na(input$Objektart)==F

																&	is.na(input$Baujahr)==F	

																&	is.element(input$class,c("A","B"))==F)

input[idx_C,"class"]	<-	"C"

idx_D	<-	which(	is.na(input$`Effektivkapital	in	Vertragswährung`)==F	

																&	is.na(input$Objektart)==F

																&	is.na(input$Baujahr)==F	

																&	is.element(input$class,c("A","B","C"))==F)

input[idx_D,"class"]	<-	"D"

idx_noclass	<-	which(input$class=="")

idx_noclass	<-	c(idx_noclass,	which(input$`Effektivkapital	in	Vertragswährung`	<	1000	|	input$Wohnfläche	<	10))

input[idx_noclass,"class"]	<-	"noclass"

idx_A	<-	idx_A[which(is.element(idx_A,idx_noclass)==F)]

idx_B	<-	idx_B[which(is.element(idx_B,idx_noclass)==F)]

idx_C	<-	idx_C[which(is.element(idx_C,idx_noclass)==F)]

idx_D	<-	idx_D[which(is.element(idx_D,idx_noclass)==F)]

#	Check	length	of	classes

print(paste("The	class	'A'	contains	",	length(idx_A),"	buildings",sep=""))

##	[1]	"The	class	'A'	contains	456	buildings"

print(paste("The	class	'B'	contains	",	length(idx_B),"	buildings",sep=""))

##	[1]	"The	class	'B'	contains	11168	buildings"

print(paste("The	class	'C'	contains	",	length(idx_C),"	buildings",sep=""))

##	[1]	"The	class	'C'	contains	19372	buildings"

print(paste("The	class	'D'	contains	",	length(idx_D),"	buildings",sep=""))

##	[1]	"The	class	'D'	contains	1	buildings"

print(paste("The	class	'noclass'	contains	",	length(idx_noclass),"	buildings",sep=""))

##	[1]	"The	class	'noclass'	contains	24	buildings"

2.1	Fill	missing	data
According	to	the	classification	scheme	the	data	gaps	are	filled.	primary	energy	demand	is	assumed	to	be	70	kWh/m^2a	if	“laufzeitbeginn”	is	after	april	2020.	If	it	was	before	that	date,	primary	energy	demand

is	assumed	to	be	50	kWh/m^2a.	Where	no	data	regarding	living	area	is	given,	the	1st	quantile	of	financing	costs	per	square	meter	derived	from	the	other	classes	is	used	to	estimate	values	for	living	area.

###	Fill	Primary	Energy	Demand	###

idx_without_energy	<-	c(idx_C,idx_D)

idx_u2020	<-	which(input$Laufzeitbeginn	<=	"2020-04-01	UTC")

idx_a2020	<-	which(input$Laufzeitbeginn	>	"2020-04-01	UTC")

idx_tofill_u2020	<-	idx_without_energy[which(is.element(idx_without_energy,idx_u2020))]

idx_tofill_a2020	<-	idx_without_energy[which(is.element(idx_without_energy,idx_a2020))]

input[idx_tofill_u2020,"Jahresprimär-energiebedarf"]	<-	70

input[idx_tofill_a2020,"Jahresprimär-energiebedarf"]	<-	55

###	Fill	living	area	###

ratio_area_cost_vec	<-	input[c(idx_A,idx_B,idx_C),]$`Wohnfläche`	/	input[c(idx_A,idx_B,idx_C),]$`Verkehrswert`

ratio_area_cost					<-	as.numeric(quantile(ratio_area_cost_vec)[2])	

input[idx_D,"Wohnfläche"]	<-	input[idx_D,"Verkehrswert"]	*	ratio_area_cost	



2.2	Get	reference	data
Data	containing	building	types	and	reference	values	for	primary	energy	demand	of	each	building	type	is	imported.	For	the	class	A	different	reference	data	is	needed	compared	to	the	other	classes	because

final	energy	demand	is	used,	not	primary	energy	demand.

#	Class	A	buildings

ref_A												<-	read_excel(paste(path,"01	INPUT/Input	Data	Residential_update.xlsx",sep=""),sheet="REF-Energy	Demand")[c(1:14),c(2:4,10:12)]

colnames(ref_A)		<-	c("Cluster","BJ_min","BJ_max","SFH","TH","MFH")

ref_A												<-	ref_A[-c(1,2),]

ref_A$BJ_min[1]		<-	-Inf

ref_A$BJ_max[12]	<-	Inf

#	All	other	buildings

ref_all												<-	read_excel(paste(path,"01	INPUT/Input	Data	Residential_update.xlsx",sep=""),sheet="REF-Energy	Demand")[c(1:14),c(2:7)]

colnames(ref_all)		<-	c("Cluster","BJ_min","BJ_max","SFH","TH","MFH")

ref_all												<-	ref_all[-c(1,2),]

ref_all$BJ_min[1]		<-	-Inf

ref_all$BJ_max[12]	<-	Inf

#	Import	building	codes

ref_codes											<-	read.csv(paste(path,"01	INPUT/ref_codes.csv",	sep=""),	sep=";")

The	reference	data	is	merged	with	the	input	data	to	create	the	data	frame	in	which	the	calculation	will	be	performed	(table).	Because	merging	reorders	the	rows,	the	indexes	are	set	anew.

table																											<-	merge(input,	ref_codes[,c("Schlüssel","Haustyp")],by.x	="Objektart",by.y="Schlüssel",all.x	=	T)

table["ref	energy	ped"]									<-	NA

table["ref	energy	fed"]									<-	NA

table["energy	demand	building"]	<-	NA

table["ghg	factor"]													<-	numeric(nrow(table))

table["ghg	factor	ref"]									<-	energy_carriers[which(energy_carriers$enerrgy_carrier	==	"standard_mix"),"GHG-Intensity	[2]"]

2.3	Assign	energy	demand	and	GHG	factor
For	each	row	the	energy	demand	of	the	respective	building	and	a	reference	value	are	assigned.	This	step	is	nessecary	because	for	class	A	final	energy	demand	is	used	but	for	alle	the	other	classes	primary

energy	demand	is	used.	Additionally,	the	GHG	factor	for	the	respective	energy	carrier	is	added.

for(i	in	1:nrow(table)){

		

		bj	<-	table$Baujahr[i]

		if(table$class[i]	==	"noclass")next

		if(table$class[i]	==	"A"){

				#	For	class	A	FED	is	used	for	the	impact	assessment	

				table[i,"energy	demand	building"]		<-		table$`Jahresendenergie-kennwert	(kWh/m2*a)`[i]		

				

				idx	<-	which(ref_A$BJ_min	<=	bj	&	ref_A$BJ_max	>=	bj)

				

				table[i,"ref	energy	fed"]											<-	as.numeric(ref_A[idx,table[i,"Haustyp"]])		#	in	kWh	final	energy	demand

				table[i,"energy	demand	reference"]		<-	table[i,"ref	energy	fed"]

		}

		if(table$class[i]	!=	"A"){

				#	For	all	non-A-classes	PED	is	used	for	the	impact	assessment

				table[i,"energy	demand	building"]		<-		table$`Jahresprimär-energiebedarf`[i]					

				

				idx			<-	which(ref_all$BJ_min	<=	bj	&	ref_all$BJ_max	>=	bj)

				

				table[i,"ref	energy	ped"]										<-	as.numeric(ref_all[idx,table[i,"Haustyp"]])		#	in	kWh	primary	energy	demand

				table[i,"energy	demand	reference"]	<-	table[i,"ref	energy	ped"]

		}

		ec_idx	<-	which(energy_carriers$enerrgy_carrier	==	table$WI_energycarrier[i])

		table[i,"ghg	factor"]				<-	energy_carriers[ec_idx,"GHG-Intensity	[2]"]

}	

###	!!!	Attention	"energy	demand	building"	and	"energy	demand	reference"		can	be	FED	or	PED			

3	Impact	assessment

3.1	Impact	calculation
The	values	for	CO2-	and	energy	savings	are	calculated	based	on	the	differences	in	energy	demand	the	living	area.	Finally,	the	financed	share	of	these	indicators	and	the	impact	reduction	per	unit	of

financing	is	calculated.

table["co2	savings	total"]								<-	((table["energy	demand	reference"]	*	table["ghg	factor	ref"])	-	(table["energy	demand	building"]	*	table["ghg	

factor"]))	*	table["Wohnfläche"]

table["energy	savings	total"]					<-	(table["energy	demand	reference"]		-	table["energy	demand	building"])		*	table["Wohnfläche"]

table["absolute	emissions	total"]	<-	table["energy	demand	building"]	*	table["ghg	factor"]					*	table["Wohnfläche"]	

table["energy	savings	financed"]							<-	table["energy	savings	total"]					*	table$`Anteil	MHB	in	%`	/	100	#	in	kWh		

table["co2	savings	financed"]										<-	table["co2	savings	total"]								*	table$`Anteil	MHB	in	%`	/	100	#	in	g	CO2-eq.

table["absolute	emissions	financed"]			<-	table["absolute	emissions	total"]	*	table$`Anteil	MHB	in	%`	/	100	#	in	g	CO2-eq.

3.2	Finalize	Result
The	data	frame	is	collapsed	to	summarize	the	results	depending	on	data	quality.	Rownames	and	Columnames	are	set	manually.



#####################

####	Result	#########

#####################

res_cols	<-	c("class",

														"Effektivkapital	in	Vertragswährung",

														"laufzeit",

														"energy	savings	total",

														"energy	savings	financed",

														"co2	savings	total",

														"co2	savings	financed",

														"absolute	emissions	total",

														"absolute	emissions	financed")

res	<-	table[,res_cols]

res	<-	collap(res,	~	class,	custom=list(fmean	=	c(3),	fsum	=	c(2,4:9)))

###	Units	###

res["Effektivkapital	in	Vertragswährung"]	<-	res["Effektivkapital	in	Vertragswährung"]	/	1000000					#	eur	->	mio	eur

res["energy	savings	total"]															<-	res["energy	savings	total"]															/	1000000					#	kWh	->	GWh

res["energy	savings	financed"]												<-	res["energy	savings	financed"]												/	1000000					#	kWh	->	GWh

res["co2	savings	total"]																		<-	res["co2	savings	total"]																		/	1000000000		#	g	->	kt

res["co2	savings	financed"]															<-	res["co2	savings	financed"]															/	1000000000		#	g	->	kt

res["absolute	emissions	total"]											<-	res["absolute	emissions	total"]											/	1000000000		#	g	->	kt

res["absolute	emissions	financed"]								<-	res["absolute	emissions	financed"]								/	1000000000		#	g	->	kt

res["reduced	per	unit	financed"]										<-	res["co2	savings	financed"]*1000	/	res["Effektivkapital	in	Vertragswährung"]		#		t	CO2	/	mio	eur	

res["share"]																														<-	res["energy	savings	financed"]	/	res["energy	savings	total"]	

rownames(res)	<-	res$class

res	<-	res[c("Effektivkapital	in	Vertragswährung",

													"share",

													"laufzeit",

													"energy	savings	total",

													"energy	savings	financed",

													"co2	savings	total",

													"co2	savings	financed",

													"reduced	per	unit	financed",

													"absolute	emissions	total",

													"absolute	emissions	financed")]

colnames(res)	<-	c("Signed	Amount	in	mio	EUR",

																			"Share	of	Total	Portfolio	Financing	[%]",

																			"Average	Portfolio	Lifetime	[a]",

																			"Energy	Savings	full	effect	[GWh/a]",

																			"Energy	Savings	financed	[GWh/a]",

																			"Reduced/Avoided	annual	GHG	emissions	(heat)	full	effect	[kt	CO2-eq.	/	a]",

																			"Reduced/Avoided	annual	GHG	emissions	(heat)	financed	[kt	CO2-eq.	/	a]",

																			"Reduced/Avoided	annual	GHG	emissions	(heat)	per	unit	of	financing	[kt	CO2-eq.	/	a]",

																			"Absolute	annual	GHG	emissions	(heat)	full	effect	[kt	CO2-eq.	/	a]",

																			"Absolute	annual	GHG	emissions	(heat)	financed	[kt	CO2-eq.	/	a]")

		

for(col	in	2:ncol(res)){

		res[,col]	<-	round(res[,col],3)

}

res	<-	res[-which(rownames(res)=="noclass"),]	#	Class	"noclass"	is	discarded

write.xlsx(res,	paste(path,"02	CALCULATION/Mhyp_GB_2024_result_mit_update_250324.xlsx",sep=""),

											colNames	=	T,	rowNames	=	T)

Other	indicators	for	comparison



##	$`Building	Efficiency	(Final	energy	demand	[kWh/m2a]	,	area-weighted	average)`

##			Class.A

##	1				26.8

##	

##	$`Building	Efficiency	(Primary	energy	demand	[kWh/m2a],	area-weighted	average)`

##			Class.B	Class.C	Class.D

##	1				31.2				63.3						70

##	

##	$`Impact	Efficiency	(Energy	savings	[kwh/a]	per	area)`

##				All	Class.A	Class.B	Class.C	Class.D

##	1	48.8				51.6				70.3				35.7				24.5

##	

##	$`Average	Timespan	all	Credits`

##			Years

##	1	23.39

##	

##	$`Excluded	Buildings`

##			Number	Credit.Volume.in.MioEur

##	1					24																			6.468

##	

##	$`Energy	savings	[kwh/a],	area	weighted	average`

##			Class.A	Class.B	Class.C	Class.D

##	1	17793.1	23852.6		8786.7				4641

##	

##	$`Energy	savings	[kwh/a]	all,	average`

##						All

##	1	8114.8

##	

##	$`Costs	per	sqm`

##			Euro.per.area

##	1						3410.608

##	

##	$`Sum	of	Area	per	dataclass	in	m2`

##				Class.A	Class.B	Class.C		Class.D

##	1	85599.49	1912029	3159075	189.4269
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Disclaimer
Dieses Dokument wurde von der Münchener Hypothekenbank erstellt und dient ausschließlich Informationszwecken. Die hierin 
enthaltenen Informationen richten sich weder an Privatpersonen noch an Personen, die den U.S. Securities Laws 
(U.S.-Wertpapier-Gesetzen) unterliegen und sollten weder in den U.S.A. noch an Personen noch in Rechtsordnungen, in denen 
eine Verteilung untersagt ist, verteilt werden. Diese Präsentation stellt weder ein öffentliches Angebot noch eine Aufforderung 
zur Abgabe eines Angebots zum Erwerb von Wertpapieren oder Finanzinstrumenten dar. Es kann eine eigenverantwortliche Prü-
fung der Chancen und Risiken der dargestellten Produkte unter Berücksichtigung der jeweiligen Investitionsziele nicht ersetzen. 
Eine eventuelle Investitionsentscheidung bezüglich jedweder Wertpapiere oder sonstiger Finanzinstrumente sollte auf keinen Fall 
auf der Grundlage dieses Dokuments erfolgen, vielmehr unter Zugrundelegung eines Prospekts oder Informationsmemorandums. 

Die Münchener Hypothekenbank ist insbesondere nicht als Anlageberater oder aufgrund einer Vermögensbetreuungspflicht 
tätig. Dieses Dokument ist keine Finanzanalyse. Die in diesem Dokument verwendeten Daten, Fakten und Informationen erheben 
keinen Anspruch auf Vollständigkeit, Richtigkeit und Angemessenheit, sondern sind nach bestem Wissen vom Verfasser aus als 
zuverlässig erachteten Quellen übernommen, ohne jedoch alle diese Informationen selbst zu verifizieren. Die Informationen und 
Aussagen entsprechen dem Stand zum Zeitpunkt der Erstellung des Dokuments. Sie können sich jederzeit ändern oder aufgrund 
künftiger Entwicklungen überholt sein, ohne dass die Münchener Hypothekenbank verpflichtet ist, die hierin enthaltenen Infor-
mationen zu berichtigen, zu aktualisieren bzw. auf dem neuesten Stand zu halten oder Sie hierüber zu informieren. Dement-
sprechend gibt die Münchener Hypothekenbank keine Gewährleistung oder Zusicherung hinsichtlich der Genauigkeit, Voll-
ständigkeit oder Richtigkeit der hierin enthaltenen Informationen oder Meinungen ab. 

Die Münchener Hypothekenbank übernimmt keine Haftung für unmittelbare oder mittelbare Schäden, die durch die Verteilung 
und / oder Verwendung dieses Dokumentes verursacht werden und / oder mit der Verteilung und / oder Verwendung dieses Do-
kument im Zusammenhang stehen. Dieses Dokument enthält die Zukunft betreffende Erwartungen und Prognosen. Diese in die 
Zukunft gerichteten Aussagen insbesondere zur Geschäfts- und Ertragsentwicklung der Münchener Hypothekenbank beruhen 
auf Planannahmen und Schätzungen und unterliegen Risiken und Unsicherheiten. Deshalb können die tatsächlichen Ergebnisse 
wesentlich von den zurzeit prognostizierten abweichen. 

Die in diesem Dokument enthaltenen Informationen stehen im Eigentum der Münchener Hypothekenbank und dürfen nicht 
ohne vorherige Zustimmung der Münchener Hypothekenbank gegenüber Dritten offenbart oder für sonstige Zwecke genutzt 
werden.
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