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(0) DISCLAIMER
All the information in this file is shared in good faith and for general information purpose only. The
CRREM Tool and the global downscaling pathways are provided free of charge and without any
commitment. Beyond the intended use, all content, images and the resulting data of the use of the
global pathways and/or the tool must not be transmitted to third parties, appropriated or commercially
exploited without the CRREM consortium's consent. The global pathways and tool is utilised at your
own risk. Neither the CRREM consortium, its members nor the European Commission are liable for any
damages resulting from the use of the global downscaling pathways or the application of the CRREM
tool.
The global pathways, tool, software, its documentation and its underlying data sets are provided "as
is" and neither the European Commission, the CRREM Consortium, nor its member organisations have
any obligation to provide maintenance, support or updates after the duration of the project. The Carbon
Risk Real Estate Monitor (CRREM) global downscaling pathways are provided to you without any
guarantee of correctness or completeness.
Any action you take upon the information you find in this document, is strictly at your own risk. CRREM
will not be liable for any losses and/or damages in connection with the use of our website. By using this
these global pathways or the CRREM Tool for your own purposes, you hereby consent to this disclaimer
and agree to its terms.
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(1) CRREM PATHWAYS: DOWNSCALING GLOBAL MITIGATION REQUIREMENTS TO PROPERTY LEVEL
(1.1) Overview and fundamentals regarding downscaling approach
Based on the findings of climate science on global warming and on the political decisions agreed upon in the
Paris Agreement, the real estate industry faces new challenges and requires guidance in order to cope with new
regulatory requirements and market expectations regarding decarbonisation (see Figure 1). The CRREM project
has derived country-specific decarbonisation and energy-reduction pathways1 that are aligned with the
requirements of the Paris Agreement to limit global warming to 2°C or better 1.5°C. The CRREM Tool enables
its potential users from the real estate sector to assess the carbon and energy performance of buildings and
portfolios and benchmark assets against the CRREM pathways, supporting effective carbon risk management
with meaningful quantitative risk indicators. For more information, please visit www.crrem.eu.
Figure 1: From climate science to decarbonisation pathways and carbon risk indicators
o

Climate science: Climate impact and carbon emission budgets/pathways compatible with limiting global warming to x.x C

o

o

Politics: Commitment to limit global warming to 2 C or better 1.5 C

New mandatory and voluntary requirements to (sustainable) finance & carbon risk

CARBON RISK REAL ESTATE MONITOR

CRREM Tool
• Assess the carbon and energy performance of buildings and
portfolios
• Benchmark against CRREM pathways and peers
• Derive indicators for risk management, reporting, disclosure

CRREM pathways
• Paris-aligned decarbonisation & energy reduction pathways
• Per country and building type

The decisive variable with regards to decarbonisation in the real estate sector is a building’s so-called carbonintensity, measured in annual operational greenhouse gas (GHG) emissions per square metre of gross internal
area (‘carbon-intensity’). GHG emissions are expressed in in carbon dioxide equivalents (kgCO2e). This key
performance indicator (KPI) includes other greenhouse gases in addition to carbon dioxide (CO2), by considering
their relative global warming potential compared to CO2.
The next section provides an in-depth summary of the applied downscaling-framework, including underlying
assumptions and key results.2 Thereafter, this document provides a detailed description of each individual step
of the downscaling process. Defining relevant carbon-intensity targets and pathways for the global commercial
and residential real estate sector is a multi-step process requiring a variety of input data from different sources,
a broad range of mathematical calculation approaches and, finally, decisions regarding specific assumptions (see
Figure 2 and Figure 3 ). This process and the resulting pathways can also be used as a basis for company specific
target-setting. The authors are aware that certain assumptions involve a subjective element and projections
regarding future developments. However, the provided maximum amount of transparency regarding the chosen
assumptions enables verifiable results and their reliable assessment.

1

The terms ‘trajectory’ and ’pathway’ are used interchangeably in this document expressing a chronological sequence of certain values
such as floor areas or carbon-intensities.
2
For further insights on the applied methodologies and explanatory background please read our public reports on www.crrem.eu and
www.crrem.org.
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Figure 2: Overview of downscaling approach for target setting and carbon risk assessment via the CRREM
Tool

In summary the model adopts two global warming scenarios aimed at complying with COP21-targets: 2°C and
1.5°C maximum warming by 2100. The associated anthropogenic carbon budgets and emission pathways to
achieve these climate targets are calculated by the IEA 2DS and 1.5°C FotE . Budgets define the amount of GHG
emissions that can be emitted until 2050 in order not to exceed defined warming limits. The next step is to
allocate an appropriate share of the global carbon budget to the global real estate sector based on floor area
growth rates and sector activity compared to other parts of the economy. Besides the overall amount per annum
also carbon-intensities in the form of GHG emissions per square meter (kgCO2e/m²) are calculated. From the
global emission budget, the model uses the SDA approach to derive to national building sector pathways for the
residential and commercial property stock - again also taking into account different growth rates of the national
building inventory. Each national pathway represents the “fair share” of carbon that each country could emit
until 2050. This allocates the responsibilities and efforts required from the real estate sector to country and usetype level. Two sets of required decarbonisation pathways according to both warming scenarios are available for
residential and commercial use types for 44 countries globally. All these trajectories start at the actual emission
intensity of each country’s building stock and converge to the same decarbonisation target. The following graphs
(see Figure 4) illustrate these pathways for selected countries.
The final step uses data from GRESB as well as individual national sources, in order to differentiate the
decarbonisation pathways for residential and commercial even further. Besides single- and multi-family
residential properties also trajectories for different commercial sub-sectors like Office, Retail High Street, Retail
Shopping Centre, Retail Warehouse, Hotel, Healthcare, etc. are made available. The carbon emission level and
the saving capacity of each building type is intrinsically different due to the energy profiles of the activities that
these buildings host. Therefore, these pathways do not converge on the same target. The calculation therefore
takes into consideration the size, expected growth and differences regarding the carbon intensity and emission
factors of each sub-sector per country and assumes constant relative differences between each subsector.

5

Figure 3: Schematic overview of the CRREM downscaling methodology
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SUMMARY OF CRREM CARBON EMISSION DOWNSCALING
1. Maximum amount of global warming until the end of the century, according to the targets set in the
Paris Agreement of COP21:
1.5°C and 2°C above pre-industrial levels
2. Global CO2e emission pathways and budget consistent with 1.5°C and 2°C warming. 2018-2050 Budget:
•
1.5°C scenario: 890 GtCO2e (Friends of the Earth)
•
2°C scenario: 1,259 GtCO2e (IEA 2DS)
3. Global CO2e emission pathways and budget of the building sector:
•
1.5°C scenario: 191 GtCO2e
•
2°C scenario: 262 GtCO2e
4. Global CO2e intensity pathway of the building sector:
2018: 51.7 kgCO2e/m² (starting point)
o
2050 1.5°C scenario: 1.9 kgCO2e/m² (target)
o
2050 2°C scenario: 8.4 kgCO2e/m² (target)
5. Share of global real-estate related-CO2e emissions under 3. covered by CRREM: approx. 50%
Note: the real estate related portion of the overall carbon budget until 2050 is (cumulated) approx. 20 %
and therefore well below the current ratio (of approx. 27 %). It is generally accepted that real estate has to
bear a larger stake of emission reduction in comparison to other economic sectors.
(1.2) General remark on downscaling procedures within the CRREM framework
There are a number of different scientific approaches for downscaling a given remaining (anthropogenic) global
carbon budget to single countries and industry sectors. CRREM applies the so-called convergence approach in
different steps of the downscaling process - e.g. when downscaling the global building sector carbon-intensity
to national level (see Figure 4). This means that the overall-carbon-intensity of each country’s building sector
converges gradually towards the global average figure in the defined target year (here 2050). Current status quo
regarding the countries’ individual real-estate-related energy consumption marks the starting point. Note that
energy consumption data is converted to carbon-intensities based on the respective energy mix and the emission
factors of the various energy sources. Therefore, our pathways start at national sector or use-type averages and
do not adopt the ‘Best-in-class’ approach that other initiatives propose. Therefore, some countries start above
the global average and some below, followed by a gradual convergence between all countries’ pathways towards
one common figure in 2050. Regarding the carbon-intensities of the commercial and residential sectors within a
given country, as well as of different subsectors comprising the commercial real estate industry, such as hotels
or offices, CRREM assumes no convergence, due to certain initial differences in their specific functional
requirements and related energy demands. The CRREM framework was developed in accordance with a
downscaling process that adheres to a given, fixed overall carbon budget, while considering different growth
rates regarding a nation’s real estate stock (also referred to as different activity growth-rates). On a global scale,
the population will rise from 7.8 bn to 9.7 bn in 20503. This corresponds to growth in worldwide real estate
floorspace from 2.5 bn m² to 4.2 bn m². Growth rates of developing countries are expected to be significantly
higher than those of industrialised countries. Regarding the downscaling from a given country’s overall building
sector carbon-intensity to separate pathways for the residential and the commercial sector, the authors assume
3

UN DESA (2019): World Population Prospects. A world population of 9.7 bn in 2050 corresponds to UN DESA’s ‘medium variant’ scenario.
‘Low variant’: 8.8 bn; ‘High variant’: 10.8 bn.
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a globally converging ratio of both sector’s carbon performance, with significantly lower carbon-intensity figures
in residential buildings.

Figure 4: Convergence of the carbon-intensity pathway of the building sector in individual countries to the
global pathway (2°C scenario)

(1.3) Evolution of climate change, economic activity and data availability over time
Note: Carbon emission pathways are not static but subject to adjustments due to ongoing changes of the
underlying data. New insights from climate science regarding climate sensitivity to greenhouse gas emissions4
and the latest trends in global emissions are influencing results. For example, if the overall remaining global
anthropogenic carbon budget is reduced, this also reduces the emission allocated to the building sector and
ultimately all decarbonisation pathways must be revised accordingly. Since CRREM energy-intensity reduction
pathways (measured in kWh/m²) are based on carbon emission pathways (measured in kgCO2e/m²), the
abovementioned uncertainties affect both kinds of pathways. Energy-reduction pathways reflect how much
energy can be consumed whilst adhering to the given carbon emission targets. Also, if, for instance, a country’s
progress in reducing the carbon-intensity of electricity generation (electric grid decarbonisation) is slower than
expected, a stronger reduction in energy consumption will be required. Therefore, changes regarding the
emissions factors (EF) will require adjustments to the energy-reduction pathways. Likewise, the projection of
national building stock inventory growth rates might change. Furthermore, the energy mix properties use is
based on projections that could be potentially be revised in the future.
All individual steps of the downscaling process, starting from global emission pathways down to individual targets
for certain years and property types, are subject to uncertainty and there is an unavoidable margin of error.

4

The specific impact of individual greenhouse gases on climate change is referred to as ‘global warming potential’. See 1st CRREM report
‘Stranding Risk & Carbon’ for further details.
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(2) CO2e EMISSION PATHWAYS FOR 1.5°C AND 2°C FOR THE PERIOD 2018-2050
The entire downscaling procedure is based on global CO2e emission pathways (covering all economic sectors)
which are compliant with the targets of the Paris Agreement to limit global warming to 2°C or lower 1.5°C (see
Figure 5):
(2.1) Global CO2e emission pathways
1.5°C: Friends of the Earth FotE (‘1.5FtoE’)
(the total anthropogenic carbon emissions budget for the period 2018-2050 amounts to 890
GtCO2e)
•
2°C: IEA 2DS
(the total anthropogenic carbon emissions budget for the period 2018-2050 amounts to 1,259
GtCO2e)
both pathways are available on: http://tool.globalcalculator.org/
(2.2) Note: 1.5FtoE was in this updated version preferred to the scenario of Rockström et al. (2009), because it
does not include a temporary ‘overshoot’ of global warming above 1.5°. The application of scenarios with ‘no or
limited overshoot’ is a mandatory characteristic for 1.5°C-compatibility, for example according to the Technical
Expert Group (TEG) on EU climate benchmarks and Benchmark’s ESG Disclosures.
•

Figure 5: Global carbon emission pathways (CO2e) of 1.5°C and 2°C scenario
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(3) GLOBAL BUILDING STOCK PROJECTIONS UNTIL 2050
Since CRREM decarbonisation targets are measured in terms of building carbon emissions per floor area (‘carbonintensity’), one of the first steps in the downscaling process was to derive the global trajectory of the floor area
of the entire building stock including residential and commercial buildings. This trajectory was then used in a
subsequent step to derive a global carbon-intensity pathway (see Figure 6).
(3.1) Estimated for IEA 2DS scenario, based on information in UN Environment (2017): Towards a zeroemission, efficient, and resilient buildings and construction sector. Global Status Report 2017.
(3.2) Assumption of similar development of global buildings’ floor area in 1.5FtoE and IEA 2DS.
(3.3) Note: CRREM covers the most relevant real estate investment markets globally. In terms of floor space,
approximately two thirds of the global real estate market is covered. In terms of emissions, CRREM covers
around 50% of the global building sector, indicating that the carbon-intensity in the covered countries is lower
than in the remaining countries.
(3.4) Note: The CRREM downscaling procedure does now refer directly to the demand-driven expansion in
terms of the increasing global building stock (= new construction minus demolition). The underlying data is, of
course, building upon global population growth and per capita floor space usage estimates.
Figure 6: Evolution of global building stock (2018-2050) and part covered by CRREM
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Source: UN Environment and International Energy Agency (2017), own calculations.
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(4) GLOBAL BUILDING SECTOR CARBON-INTENSITY PATHWAY
The derivation of global carbon-intensity pathways for the building sector (see Figure 7) combines the global
floor area trajectory (see step (3) above) and global real estate CO2e emission pathways for 1.5°C and 2°C global
warming targets (see Figure 8). These pathways are derived from two emission scenarios for the global building
sector of the International Energy Agency (2DS and B2DS5). Figure 9 shows a schematic summary of the scenarios
used, figures derived and assumptions applied.

Figure 7: Global building sector GHG intensity pathway (1.5°C and 2°C global warming target)
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Figure 9: Schematic summary of derivation of global building sectors CO2e emission pathways

(4.1) Underlying pathways
•
•
•
•
•

IEA 2DS: Global building sector CO2 emissions
IEA 2DS: Global all sectors CO2 emissions
IEA 2DS: Global all sectors CO2e emissions
IEA BSDS: Global building sector CO2 emissions
IEA B2DS: Global all sectors CO2 emissions

Source: UN Environment and International Energy Agency (2017)
(4.2) Note: Global CO2 emission pathways of buildings for 1.5°C and 2°C for the period 2018-2050 are based on
data for the period 2017-2050 that was adapted to the latest available data on 2018 global CO2e emissions,
while adhering to the total cumulative emission budget. The resulting adaptations to the original pathways
have been distributed parabolically to the remaining years, with emission levels above the original pathways in
early years, lower levels in later years and the same emissions in 2050. Furthermore, the IEA B2DS was used
instead of the 2DS because the IEA 2BDS better reflects the ratio of the building sector emissions to all
emissions.
(4.3) Necessary assumptions made:
•
•

The ratio of CO2e to CO2 is the same in the building sector as for all sectors.
The share of the global buildings sector’s emissions to all sectors emissions is the same in the 1.5°C
scenario (1.5FoeT) as in the IEA B2DS scenario.

12

(5) CALCULATION OF GHG INTENSITY PATHWAYS FOR INDIVIDUAL COUNTRIES AND USE-TYPES
In this step of the downscaling process, the decarbonisation pathway of the building sector is calculated for each
of the countries covered, based on:
•
•

•

The SDA (Sectoral Decarbonisation Approach) methodology (7),
each country’s baseline carbon-intensity using:
- Country building stock in square meters (residential and commercial according to IPMS2),
- country baseline for EUI (energy use intensity in kwh/m²) for use-types,
- energy mix / sources used for property stock,
- emission factors (EF) of energy sources.
the assumption of converging carbon-intensities until 2050 with respect to the global figures of 1.5°C
and 2°C scenarios on country level (4) (see Figure 4 above) using:
- Projections for energy mix / sources,
- projections for emission factors6 for energy sources,
- growth rate for floor space in different countries.

(5.1) Underlying datasets
(5.1.1) Floor area growth projections based on UN Environment (2017): Global status report. Towards a
zero-emission, efficient, and resilient buildings and construction sector and further data sources at country
level (see below). EU: Eurostat baseline data and projections according to CTI 2050 Roadmap Tool (Shared
Efforts Scenario Pathway).
(5.1.2) Baseline 2018 buildings’ GHG intensity figures for each country, based on energy use intensity
(today) and the average energy mix for each country and property type and respective emission factors
(each for current levels and projections until 2050). Source: See below for sources broken down by
country; GRESB 2019 asset level-data.
(5.2) Calculation of country-specific GHG intensity pathways for residential and for commercial buildings
(1.5°C and 2°C)
(5.2.1) The derivation of separate decarbonisation pathways for the residential and the commercial sector
within each country (see Figure 10) is based on each sector’s baseline (2018) carbon-intensity and the
assumption of a globally retained / constant ratio of the carbon-intensity for different residential and
commercial building types.
(5.2.2) Baseline 2018 residential and commercial buildings’ GHG intensity figures for each country. Note
that due to limited data availability in most countries only averages were calculated (no bandwidths,
percentiles etc.). Source: See below for sources broken down by country.

6

Note that the EF used here for the calculation of the pathways are the same like in the CRREM-tool. E.g. EF for electricity are identical for
today and their changes over time. Energy mix however for the pathways is also changing over time according to national projections for the
commercial and residential sector. Within the CRREM-tool the energy source will however only change if retrofit-action occurs.
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Figure 10: Decarbonisation pathway of global buildings sector, UK buildings sector and UK residential
and commercial sector
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(5.3) Differentiation of multi-family residential and several commercial buildings sub-sectors
(5.3.1) The derivation of distinct decarbonisation pathways for specific subsectors / use-types within the
residential and the commercial real estate sector is based on the assumption of a constant global ratio of
the carbon-intensity of the respective subsector (e.g. office buildings) and the commercial sector. Until 2050
the relative difference in a specific country will converge to the average difference of all countries. 7
(5.3.2) Calibration factors based on 2019 GRESB asset level data and data from the EU research project
INSPIRE.
(5.3.3) Calibration factors based on information on baseline ratios of different sub-sectors. Source: See
below for data sources for individual countries.

7

E.g.: The average ratio of Hotel to all commercial properties is 1.5 in all countries. In a specific country, the baseline ratio is however 1.8.
Then, this ratio will decline to 1.5 (global average ration) until 2050.
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(6) CALCULATION OF ENERGY-INTENSITY PATHWAYS FOR INDIVIDUAL COUNTRIES AND USE-TYPES
The derivation of energy-reduction pathways (EUI measured in kWh/m²) are based on the respective
decarbonisation pathways (GHG emissions per square meter (kgCO2e/m²)) for each subsector within a certain
country (see step (5) above) and the respective typical relationship between carbon emissions and energy
consumption (emission factor, EF), based on projected figures on energy mix (share of electricity and fuels) and
grid decarbonisation within each country (see Figure 11). CRREM energy targets are NOT kWhe but kWh!
Furthermore, it is important to mention that CRREM is focussing on the “Net end-energy demand” (not “Primary
energy demand”!).8
Based on projected emission factors and energy mix, typical carbon-to-energy-factors have been derived,
allowing the conversion of carbon-intensity to energy-intensity figures. In some cases, grid decarbonisation might
progress very fast in certain countries, resulting in no or only very small energy-reduction requirements. In such
cases, CRREM requires (a minimum) energy-intensity reductions in line with the UN Sustainable Development
Goals of at least -2.9% p.a.
Figure 11: Decarbonisation and energy-reduction pathway for UK office buildings (2°C scenario)
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(6.1) Underlying data and calculation procedure:
(6.1.1) Country-specific 2018 baseline end-energy-intensity (kWh/m²) data for residential and commercial
buildings (and sub-sectors if available). Source: See below for data sources for individual countries.
(6.1.2) Calculation of 2018 country-specific and (sub-)sector-specific carbon-to-energy factors9
(6.1.3) Calculation of rate of change of these carbon-to-energy factors
•

•

Evolution of share of energy sources (electricity, gas, oil, etc.) on buildings’ end-energy use (separate
calculation for residential and commercial buildings, if required data is available)
Evolution of carbon-intensity of electricity generation (‘grid decarbonisation’)

(6.1.4) Calculation of end-energy-intensity pathways 2018-2050 based on carbon-intensity pathways (1.5°
and 2°C scenario) and carbon-to-energy factors.

8

E.g.: If 1,000 kWh were produced via renewable on site like PV and also consumed on site and another 1,000 kWh electricity is procured
from the electric grid, the “Net energy demand” is still 1,000 kWh, the energy consumption of the property is however 2,000 kWh.
9 These carbon-to-energy factors are the reversal of emission factors, describing the same relation between carbon emissions and energy
consumption. Whereas emission factors denote the amount of carbon emissions related to a certain amount of energy consumption, the
carbon-to-energy factors used in this step of the CRREM framework enables the calculation of the specific amount of energy consumption
related to a certain amount of carbon emissions.
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(7) SDA SECTORAL DECARBONISATION APPROACH
The SDA convergence methodology offers a very flexible framework not limited only to companies willing to
meet certain future sector standards or expectations. In combination with further methods, the SDA framework
offers a useful tool that can be applied for setting science-based, country-specific targets. For example, CRREM
uses the SDA intensity-convergence approach to derive national carbon-intensity pathways from the respective
global pathway.
The use of intensity parameters enables the consideration of different growth rates between and within
countries. Since total cumulative emissions are limited to the given remaining global budget, and carbonintensities will converge in the target year, the future carbon-intensity pathway in a specific country will depend
on the future growth of building stock in this country. If Country A grows faster than the average, SDA
methodology allows for additional absolute emissions in this country at the expense of the other countries’
budgets. At the same time, higher growth rates in Country A will result in its carbon-intensity pathway converging
faster to the target intensity figures. This can be interpreted as follows: The applied methodology does not
penalise activity growth per se, but links it to a higher level of responsibility and therefore expects the growth to
take place at “future-proof carbon-intensity” standards. The SDA framework applies a so-called Market Share
Parameter expressing the different growth rates and a so-called Sector Decarbonisation Index, expressing the
decarbonisation progress in each country:
Absolute emissions can generally be calculated for each country by multiplying sector activity (e.g. floor area)
with carbon-intensity (e.g. emissions per floor area). The sum of annual absolute emissions has to remain within
the defined sector budget:
2050

∑ 𝐴𝑦 𝑆𝐼𝑦 ≤ 𝐵𝑢𝑑𝑔𝑒𝑡2050
2018

where:
𝐴𝑦
𝑆𝐼𝑦
𝐵𝑢𝑑𝑔𝑒𝑡2050

Activity of country in year y
Intensity of country in year y
Cumulative carbon budget 2018-2050 of country compatible with a scenario below 1.5°C/2°C scenario

Since SDA applies an intensity convergence approach, it is necessary to consider country-specific and global
future activity levels for the derivation of individual carbon-reduction pathways for a specific country:

𝑚𝑦 =
where:
𝑚𝑦
𝐶𝐴𝑏
𝑆𝐴𝑏
𝐶𝐴𝑦
𝑆𝐴𝑦

𝐶𝐴𝑏 ⁄𝑆𝐴𝑏 𝑆𝐴𝑦 ⁄𝑆𝐴𝑏
=
𝐶𝐴𝑦 ⁄𝑆𝐴𝑦 𝐶𝐴𝑦 ⁄𝐶𝐴𝑏

Market share parameter of country in year y
Activity of country in base year b
Global activity in base year b
Activity of country in year y
Global activity in year y

The market share parameter my presents the ratio of a country’s (activity) market share in the baseline year b to
that in year y (in the case of the real estate industry, activity is measured in square metres of floor area). In other
words, my presents the ratio of the global activity growth from baseline year b to year y to that of the specific
country.
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If a country has tripled its activity10 within a certain period (CAy=3CAb)11, whereas global activity has ‘only’
doubled (SAy=2SAb), my is 2/3, resulting in a lower country intensity target CIy as in the case of some countryspecific and global growth rates:

𝑚𝑦 =

𝑆𝐴𝑦 ⁄𝑆𝐴𝑏 2 𝑆𝐴𝑏 ⁄𝑆𝐴𝑏 2
=
=
𝐶𝐴𝑦 ⁄𝐶𝐴𝑏 3𝐶𝐴𝑏 ⁄𝐶𝐴𝑏 3

SDA makes use of a so-called sector decarbonization index 𝑝 indicating the remaining share of sectoral
(/global) decarbonisation until 2050 (𝑝 = 1 in the base year and 𝑝 = 0 in 2050):

𝑝𝑦 =
where:
𝑝𝑦
𝑆𝐼2050
𝑆𝐼𝑏

𝑆𝐼𝑦 − 𝑆𝐼2050
𝑆𝐼𝑏 − 𝑆𝐼2050

Global decarbonization index in year y
Global intensity in 2050
Global intensity in base year b

The target intensity of an individual country 𝑪𝑰𝒚 according to SDA can be derived from the above formulas as
follows:

𝐶𝐼𝑦 = 𝑆𝐼2050 + (𝐶𝐼𝑏 − 𝑆𝐼2050 ) ∗ 𝑝𝑦 ∗ 𝑚𝑦
where:
𝐶𝐼𝑦
𝐶𝐼𝑏

Intensity of country in year y
Intensity of country in base year y

This formula begins with the global target intensity for 2050 SI2050 which is also the target for the respective
country in 2050 CI2050 (due to the convergence approach). The second part of the formula presents the difference
between the country intensity in the baseline and target years, multiplied by the Sector Decarbonisation Index
(presenting the global building sector’s rate of decarbonisation) and the Market Share Parameter presenting the
effect of different country growth rates. See Figure 4 for results of SDA-based convergence calculations for
different countries’ carbon-intensity gradually approaching the global pathway.
Please note: the convergence will effectively be carried out at the level of the use-types via CO2 intensities. The
same national growth rates/development is applied to all use-types.

10
11

Note that „activity” can be translated to „floor space growth rate” for real estate application.
Figures from the Global Status Report 2016 were used for regional/country specific activity levels.
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(8) ENERGY AND CARBON ASSESSMENT METHODOLOGY
CRREM decarbonisation pathways and carbon risk assessment focusses on the intrinsic environmental quality of
individual buildings and is intended to provide owners and potential investors with the information required to
assess this quality. The impact of an individual building on climate change is determined by the amount of
greenhouse gases emitted during its operation, comprising both direct emissions from burning fuels (and
fugitive emissions) and indirect emissions related to the use of electricity and any district heating and cooling.
The amount of emissions is determined by the quantity of energy consumed from different sources and its
specific carbon-intensity, which is usually expressed in so-called emission factors, indicating the amount of
carbon emissions related to a certain amount of consumed energy. Procuring certificates for renewable
electricity sources does not reflect the intrinsic environmental quality of a building itself and does not increase
the amount of renewable energy in a given energy grid in the short-term. Since CRREM decarbonisation pathways
are based on national emission factors, users of the pathways have to apply national emission factors in order to
yield meaningful results when benchmarking individual buildings’ carbon performance by means of the
pathways. This means that emissions have to be determined according to the so-called ‘location-based’
approach instead of the so-called ‘market-based’ approach. More information on this may be found in the EPRA
Sustainability Best Practices Recommendations Guidelines of the European Public Real Estate Association. This
also applies if electricity emission factors are available at a sub-national level, for example for individual federal
states or other kinds of regions. The baseline carbon-intensities of CRREM decarbonisation pathways are based
on national emission factors.12
CRREM decarbonisation and energy-reduction pathways refer to operational emissions and energy consumption
figures. Taking into consideration that new developments are commonly built according to higher energyefficiency standards, a new development should comply with the pathway for a certain number of years. With
respect to typical refurbishment cycles of 15 years, this period could provide an appropriate reference point for
a required minimum length of compliance.
CRREM energy-reduction pathways refer to the so-called end- energy, as it can be read off electricity meters and
utility bills, in contrast to primary energy, which indicates how much energy has been utilised in burning fossil
fuels such as oil and gas, in order to produce the final amount of consumed electric energy. The difference
between end-energy and primary energy is the result of conversion, transmission and distribution losses.
Generally, the relationship between these two figures is expressed in terms of so-called primary energy factors,
varying between different energy sources such as electricity or gas. CRREM energy-reduction pathways further
referring to the net energy demand of a certain building. This figure reflects the balance of energy imports and
exports, and is not identical to a building’s energy consumption. Figure 12 shows two different views on the net
energy demand, illustrating its relationship to parameters like procurement, consumption, generation and
export:

12

Note: Users of the CRREM-tool can overwrite the default figures for the applied EF for their properties. The application of an emission
factor for a certain region (or market-based approach, see above) that is lower than the national value may result in lower calculated carbon
emissions for that building being lower. In that case users should also overwrite the pathways in order not to benchmark their assets to
purely national levels (for EF).
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Figure 12: Schematic overview of net energy demand, energy procurement, export, consumption and
generation

The CRREM targets do not reflect energy consumption, but rather net energy demand. The net energy demand
can be calculated by deducting the energy generated from the energy drawn/purchased from the grid, but the
energy consumption would be both generated and consumed from the grid. An example of “low net energy”
would be heat-pumps as they consume small amounts of energy from the grid, but generate a larger amount of
energy through heat from the earth on site.
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