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ACRONYMS

3CSEP HEB model

BAU
BID
ccl
CID
CPI
C&P
ECS
EPBD
IDP
INV
MF
PBID
RID
SF
SH/C
uiD
VH/H/M/L HD
VH/H/M/L CD
DH
new
anew
ret

aret
NLOW

NBC

AN
R10

AR

NAM

Center for Climate Change and Sustainable Energy Policy High Efficiency Buildings Model

business as usual (scenario)

building type identification

construction cost index

climate zone identification

consumer price index

commercial and public buildings

total cumulative energy cost savings

Energy Performance of Buildings Directive (Directive 2010/31/EU)

Integrated Design Process

total cumulative additional investment costs

multi-family buildings

identification of public (& commercial) buildings

regional identification

single family buildings

space heating or cooling

urbanization identification

very high/high/moderate/low heating demand

very high/high/moderate/low cooling demand

dehumidification

new construction

advanced new construction

retrofit (retrofitted buildings)

advanced retrofit (advanced retrofitted buildings)

compliance with only already existing local building codes is considered. Update or improvements of the
existing building are not considered. The compliance with the currently building codes is assumed
rather low

implementation of currently valid local Building code, including ambitious EPBD implementation in the
EU-27" and building codes for new buildings in other regions. Codes that are in the policy pipeline or
upcoming are also considered (higher compliance than N“*" is considered)

up to 15-30 kWh/m?/a for SH/C

complex retrofit, which results in around 10% lower energy consumption as compared to a standard building
complex retrofit, which results in around 30% lower energy consumption as compared to a standard
building - or whatever is the prevailing average retrofit

around 15-50 kWh/m?/a for SH/C, or >70% reduction in energy consumption as compared to energy
consumption before retrofit

North America, one of the eleven Word regions considered in the model

! DIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 19 May 2010 on the energy
performance of buildings (recast)

MONETARY BENEFITS OF AMBITIOUS BUILDING ENERGY POLICIES ¢ January 2015 13




WEU
EEU
FSU
LAC
PAO
CPA
PAS
SAS
MEA
AFR
EU-27

RoW

Western Europe, one of the eleven Word regions considered in the model

Eastern Europe, one of the eleven Word regions considered in the model,

Former Soviet Union, one of the eleven Word regions considered in the model

Latin America, one of the eleven Word regions considered in the model

Pacific OECD, one of the eleven Word regions considered in the model

Centrally Planned Asia, one of the eleven Word regions considered in the model

Pacific Asia, one of the eleven Word regions considered in the model

South Asia, one of the eleven Word regions considered in the model

Middle East and Africa, one of the eleven Word regions considered in the model

Africa, one of the eleven Word regions considered in the model

EU-27 includes: Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland,
Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden and the United Kingdom

Rest of the World, World, except for the four major regions (EU-27, USA, China and India)
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EXECUTIVE SUMMARY

Several recent reports, (McDonald and Laustsen 2013, Urge-Vorsatz et al. 2011, 2012a, 2012b, Bin and Jun 2012, Nass-
Schmidt et al. 2012) have demonstrated the magnitude of energy and emission saving opportunities that can be realized
through advanced and accelerated building energy efficiency retrofits and construction of highly efficient buildings. The aim of
this report is to quantify the global and regional cost implications of implementing large-scale energy efficiency improvements
in buildings as compared with the status-quo under certain scenarios. The scenarios considered in this study (previously
defined by Urge-Vorsatz et al. (2012b) under GBPN's initiative), focus on the deployment of very advanced (very low energy,
passive or nearly zero energy) new construction and retrofits (Deep efficiency scenario), as well as more moderate
improvements in building energy performance (Moderate efficiency scenario with less energy saved in retrofits and less
ambitious performance levels in new construction).

As mentioned, the current study is a continuation of the GBPN's Best-practices scenario analysis (Urge-Vorsatz et al. 2012b),
and is also based on the 3CSEP HEB model (Center for Climate Change and Sustainable Energy Policy High Efficiency Buildings
Model), which was extended to include the Cost analysis module (Module 2). As with the previous study (Urge-Vorsatz et al.
2012b), this report is focused on the four key regions, including both developed regions (EU-27, USA) as well as emerging
economies (China, India). The global costs and benefits for the two outlined scenarios are calculated based on the aggregation
of the results for the 11 regions, defined in the Global Energy Assessment (Urge-Vorsatz et al. 2011).

The 3CSEP HEB model is a sophisticated and complex global building energy model. It distinguishes among the buildings
located in urban, rural areas or slums (where applicable), considers 3 building types (single family houses, multi-family
buildings, commercial and public buildings, further subdivided into six subcategories: hotels and restaurants, educational
buildings, hospitals, offices, retail buildings, and others), 5 building vintages (standard, new, retrofit, advanced new and
advanced retrofit buildings), 17 climate zones and 11 world region? (Urge-Vorsatz et al. 2012b) - essentially dividing the world
building stock into over 10,000 unique building categories.

Due to the major challenge in accessing accurate and representative construction cost data, this study aims to show a zero
order estimate of the financial costs and benefits, providing a preliminary indication of the overall cost-effectiveness of each
scenario rather than presenting precise figures. The investment costs are calculated as additional to the baseline cost, which
would take place if the current policy and technological trends continue without energy efficiency gains until 2050.

Similar to the scenario report (Urge-Vorsatz et al. 2012b), the principal pillar of the modelling logic is cost-effective best-
practices of building energy performance, which can be replicated for similar climatic conditions and building types. Extensive
data on advanced as well as conventional buildings was collected for the four priority regions, and subsequently for other
world regions. As the main focus of the study is to investigate the feasibility of a transformative pathway towards a low-energy
future of the global building sector, the best-practices were searched and selected from both an energy performance and a
cost perspective with a careful consideration regarding scalability. The costs associated with the implementation of the low-
energy building scenario were estimated based on the current costs of developing exemplary new and retrofit buildings. The
cost data from exemplary projects was included only if it was considered to be possible to upscale the best-practice across
similar building types, climate zones and vintages. As consistent and reliable cost data does not exist for all regions, climate
zones, building types or building vintages; costs for missing categories were assumed using a cost transfer from another
similar category elsewhere in the world with better data, taking into account regional differences in the cost levels and
economic conditions, based on an elaborate method (see Section 2.7 and Annex 8: Cost ratio transfer for more details).

2 AFR, CPA, EEU, FSU, LAC, MEA, NAM, PAQ, PAS, SAS, WEU (for the regional split see Annex 4).
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The results of the cost analysis show that for all four major regions (EU-27, USA, China and India), as well as for the world as a
whole, the total cumulative energy cost savings under the Deep efficiency scenario exceed the total cumulative additional

investment costs (see Table 1 and Figure 1).
Table 1: Total cumulative additional investment costs vs. total cumulative energy cost savings until 2050

Region Deep efficiency scenario Moderate efficiency scenario
Total cumulative additional Total cumulative Total cumulative additional Total cumulative
investment costs energy cost savings investment costs energy cost savings
tril. USD 2005 tril. USD2005 tril. USD2005 tril. USD2005
EU-27 5.1 9.8 50 7.5
USA 43 8.3 56 2.8
China 6.8 119 6.5 6.2
India 5.0 11.8 3.6 3.7
Row! 233 42.2 24.00 14.8
World? 443 99.2 44.6 420

Notes: 1 - RoW - Rest of the World; 2 - Note, that the region World is not a simple sum of the four major regions and RoW region, but
rather a sum of the 11 world regions. Therefore there are differences in World and sum of the four major regions.

On the other hand, under the Moderate efficiency scenario, for most of the regions (except for EU-27), the total cumulative
additional investment costs exceed the total cumulative energy cost savings achieved through such investment. In the EU-27
this is mainly due to rather ambitious assumptions (due to EPBD recast implementation) for the Moderate scenario. Much
lower cost-effectiveness (i.e. the difference between energy cost savings and additional investment costs) is achieved under
the Moderate efficiency scenario as compared to the Deep efficiency scenario in all regions. In some regions, the cumulative
additional investment costs are even higher in the Moderate scenario than in the Deep scenario (World, RoW and the USA). The
main reason for this is that the rate of the highly energy efficient buildings - advanced new and advanced retrofit - is
fluctuating differently in the different scenarios in the floor area projections. Namely, the share of advanced buildings is
significantly higher in the Deep scenario than in the Moderate scenario. The other relevant variable of the calculation is the
specific investment costs calculated yearly due to technological learning. Due to the dynamics of these changes, as a result,
the cumulative additional investment costs of Moderate scenario exceed that of the Deep scenario for example in case of the
USA by 2032. Thus, regarding the period to 2050, the implementation of the Moderate scenario would cause even higher
investments in the specific region of the USA as it is shown in the report in detail.

The Moderate efficiency scenario is cost-effective only in EU-27 and India (under the given assumptions). While in EU-27 all
building types are cost effective, in India it is only two of them. EU-27 is the only major region 