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Requires  

 

25% reduction in current 
thermal energy demand by 
2020 & 50% by 2030 

Doubling the annual rate of 
reduction in energy intensity 
each year between now and 
2030 (-2.6%/yr) 

 

Sources: UNEP, 2012; GBPN, 2013; IEA 2014 



Key Issues 
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Net Zero to Positive buildings as minimum required performance: 
New Policies and better Compliance 

More and Deeper Renovation: 
Markets for Efficiency are improving but need development; 

Investors and developers are ready to ‘go deep’: 
But need better information on costs & benefits and clear public policy 

This is Urgent:  
The cost of delaying action is increasing daily as inefficiency is ‘locked-in’ 
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The Deep Path 

Scenarios	  for	  Thermal	  Energy	  Demand	  based	  on	  analysis	  of	  14	  regions	  (GBPN,	  2012)	  

GHG	  Savings	  >	  2.1Gt	  by	  2030	  



Will Net-Zero Ambition Pay Off? 
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Quantifies the global and regional cost implications of 
ambitious scenarios for implementing large-scale energy 
efficiency improvements in buildings.  
 
-  11 regions & 17 climate zones 
-  3 building types in 6 sub-categories 
-  5 building vintages 
-  BAU, Moderate & High-Performance Scenarios 
-  Builds on the 3CEP-HEP & GBPN Building Efficiency 

Scenario Models (www.gbpn.org)  
-  Cost-effective best- practices of building energy 

performance, which can be replicated for similar 
climatic conditions and building types  

Principle Investigatiors:  
Diana Ürge-Vorsatz, PhD., (3CSEP):   
András Reith, PhD. (ABUD):   
 



Key Findings 

•  Shallow energy efficiency improvements do not pay-
off in the long run. 

•  Policy-Makers need to take a long-term view 

•  Energy prices and capacity building are key enablers 
of the deep efficiency scenario  

•  More data and more research are needed  

6 



Shallow energy efficiency improvements do not pay-off 
in the long run.  
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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 
investment costs!

Total cumulative 
energy cost savings!

! Total cumulative additional 
investment costs!

Total cumulative 
energy cost savings 

! tril. USD2005! tril. USD2005!  ! tril. USD2005! tril. USD2005!
EU-27! 5.1! 9.8! ! 5.0! 7.5!

USA! 4.3! 8.3! ! 5.6! 2.8!
China! 6.8! 11.9! ! 6.5! 6.2!

India! 5.0! 11.8! ! 3.6! 3.7!
RoW1! 23.3! 42.2! ! 24.00! 14.8!

World2! 44.3! 99.2! ! 44.6! 42.0!

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 where many countries have 
adopted nearly zero energy targets for new buildings and significant energy savings are mandated in major retrofits. In light of 
this there is less difference between the Deep and Moderate scenario in this region relative to other world regions. The cost 
effective potential of the Moderate scenario in India is mainly due to its low specific investment costs in general. Nevertheless, 
the difference between the total cumulative additional investment costs and the total cumulative energy cost savings is very 
small.  
 

The “Deep efficiency scenario” for buildings is the only possible path to achieve R.O.I globally by 
2050.  

Mainstreaming high-performance buildings could deliver a 124% return on investment globally 
through building-related energy cost savings by 2050 

 



Shallow energy efficiency improvements do 
not pay-off in the long run.  

8 

 
 

 
 MONETARY BENEFITS OF AMBITIOUS BUILDING ENERGY POLICIES • January 2015            77 

C&P. Despite the SF’s outstanding primacy in the share on floor area the C&P’s higher specific investment costs for the 
conventional buildings (relative to SF ones) contribute to C&P’s high total cumulative investment costs.  
Development of the total cumulative additional investment costs and total cumulative energy cost savings for each building 
type over time is shown in Figure 30.  
 
Figure 30 Total cumulative additional investment costs until 2050 per building type in the rest of the world (RoW) under the 
Moderate efficiency scenario 
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Notes: SF: single-family buildings, C&P: commercial and public buildings, MF: multi-family buildings  
 
 

7.4  Comparison – Deep and Moderate efficiency scenario 
The results for the two scenarios show that, unlike in the case of the Moderate scenario, the RoW region is estimated to be 
cost-effective in general under the Deep efficiency scenario. This result is similar to the one presented for the four major 
regions and can be explained by relatively lower total cumulative additional investment costs and significantly higher total 
cumulative energy savings. Although the level of total cumulative additional investment costs are at the same level of 
magnitude for both scenarios, the Deep scenario generates almost three times more energy cost savings than the Moderate 
one, according to the estimates. This can be attributed mainly to the large proliferation of advanced buildings, assumed only 
for the Deep scenario. Under both scenarios the SF building type shows the largest energy cost savings, as well as the largest 
total investment needs. 
 
Figure 31 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 in the rest of the 
world (RoW) under Deep and Moderate efficiency scenario 

0
5

10
15
20
25
30
35
40
45

20
05

20
08

20
11

20
14

20
17

20
20

20
23

20
26

20
29

20
32

20
35

20
38

20
41

20
44

20
47

20
50

tr
il.
&U
SD

00
5

Total&cumulative&additional&investment&costs&vs.&total&
cumulative&energy&cost&savings&until&2050,&

RoW,&Deep&scenario&(tril.&USD2005)

Total0cumulative
energy0cost
savings

Total0cumulative
additional
investment0costs

 

0
5

10
15
20
25
30
35
40
45

20
05

20
08

20
11

20
14

20
17

20
20

20
23

20
26

20
29

20
32

20
35

20
38

20
41

20
44

20
47

20
50

tr
il.
&U
SD

20
05

Total&cumulative&additional&investment&costs&vs.&total&
cumulative&energy&cost&savings&until&2050,&
RoW,&Moderate&scenario&(tril.&USD2005)

Total0cumulative
energy0cost
savings

Total0cumulative
additional
investment0costs

 



The “Deep efficiency scenario” for buildings is the only 
possible path to achieve R.O.I globally by 2050 
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Figure 1: Total cumulative additional investment costs vs. total cumulative energy cost savings until 2050 under the Deep 
efficiency and Moderate efficiency scenario  

 

Note: INV – total cumulative additional investment costs; ECS - total cumulative energy cost savings 
 
In the rest of the world region (World except for the for the four major regions – EU27, USA, China India) the Deep efficiency 
scenario is cost-effective, unlike the Moderate efficiency scenario. Similarly, the Deep efficiency scenario is cost-effective for 
World in total, while the Moderate efficiency scenario is not.   
 
In summary, the results show that in the long term, unlike the Moderate efficiency scenario, the Deep efficiency scenario is 
cost-effective for all four major regions, as well as for the World. The results also show that for all analyzed regions and the 
world the Deep efficiency scenario has higher energy cost savings and higher cost-effectiveness (i.e. the larger difference 
between energy cost savings and investment costs) than the Moderate efficiency scenario.  
 
When we compare these findings with other relevant studies (BPIE 2011), GEA - in Ürge-Vorsatz et al. 2011, McKinsey - 2007, 
2009a, 2009b) on cost analysis of low energy transition in the building sector, the results of the cost analysis of the 3CSEP 
HEB Model are in most cases at the same level of magnitude (GEA, in Ürge-Vorsatz et al. 2011 – e. g. for instance total 
cumulative energy cost savings in the EU, USA, China), yet there are some differences. For example, the total cumulative 
additional investment costs calculated in the current study are several times higher than the results of other relevant studies 
(e.g. Global Energy Assessment - GEA described in Ürge-Vorsatz et al. 2011 and BPIE 2011). This difference in total investment 
needs is mainly due to much more conservative specific investment costs used for the 3CSEP HEB Model, in a meaning of 
significantly more thorough and detailed data collection and much more expert reviews where data were not available, which 
resulted in using higher additional investment costs than in other relevant studies (e.g. in BPIE 2011). However, after careful 
considerations and careful checks, the authors agreed to use the figures documented in this report despite this discrepancy 
because the current study is based on a thorough data collection for different climate zones, regions and building types and 
vintages and cautious cost transfer, combined with a profound multiple-expert review. These efforts constitute the major value 
added of this study. However, the current study has come to the conclusion, which is in line with the GEA, that further data 
collection and verification is still necessary in India and other developing regions. Moreover, further data collection would be 
beneficial for those regions that depend on cost transfer (China and partially also some building vintages in the USA).   
 

Note: INV – total cumulative additional investment 
costs; ECS - total cumulative energy cost savings  



Policy-Makers need to take a 
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Figure 10 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 per building 
type in the EU-27 under the Moderate efficiency scenario 
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Notes: SF: single-family buildings, C&P: commercial and public buildings, MF: multi-family buildings  

3.4  Comparison  Deep and Moderate efficiency scenario 
The EU-27 is the only major region, which shows that both Deep and Moderate efficiency scenarios can be cost-effective for 
the total building stock by 2050. There are two main reasons for that: first of all, the EU-27 is the only region, which, has a 
noticeable share of advanced buildings in its building stock, and, secondly, Moderate scenario for this region has the 
assumption on the growing share of low-energy new buildings (around 25 kWh/m2/a) due to presumably good compliance 
with EPBD. The cost-effectiveness is lower under the Moderate efficiency scenario (where C&P is not cost-effective at all) due 
to the lower share of advanced retrofit buildings in the total region’s floor area in 2050 as compared to the Deep efficiency 
scenario, and, thus, lower energy cost savings. As the total cumulative additional investment costs are comparable between the 
two scenarios, it is, indeed, the total cumulative energy cost savings, which are responsible for the difference in the scenarios’ 
cost-effectiveness. This implies that investment into accelerated retrofit to the level of non-advanced buildings prevents 
substantial decrease in energy consumption and on the top of that worsens the long-term cost-effectiveness.  
 
Figure 11 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 in EU-27 under 
the Deep and Moderate efficiency scenario 
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Figure 15 shows that SF buildings have the highest cumulative energy cost savings among three building types, which can be 
explained by the largest share of SF buildings in the total floor area. 
  
Figure 15 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 per building 
type in the USA under the Moderate efficiency scenario  
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Notes: SF: single-family buildings, C&P: commercial and public buildings, MF: multi-family buildings  
 

4.4  Comparison – Deep and Moderate efficiency scenario 
In summary, the potential transition to advanced buildings in the USA is cost-effective under the Deep efficiency scenario. 
While the total cumulative energy cost savings are much higher than those under the Moderate efficiency scenario, the total 
cumulative additional investment costs are lower.  
 
The significantly higher savings in energy costs are due to the deployment of the advanced buildings under the Deep 
efficiency scenario. The lower investment needs under the Deep scenario are due to the fact that the specific investment costs 
(USD2005/m2) of the advanced buildings in the Deep scenario decrease gradually to half of their 2005 level over time 
(technology learning) while the costs of the conventional buildings in the Moderate scenario remain the same up to 2050. 
While the investment costs under the Deep scenario stay relatively stable after 2035, under the Moderate scenario they are 
steadily increasing even after this year. This is because the rate of retrofit under the Moderate scenario after 2037 is higher 
than the rate of retrofit under the Deep scenario as described in detail in section 4.3  Results for the USA - Moderate 
efficiency scenario.  
 
Due to both higher energy costs savings and lower investment costs the energy saving potential in the USA under the Deep 
scenario can be realised in a cost-effective way, while under the Moderate scenario achieving cost-effectiveness by 2050 does 
not seem to be possible. 
 
Figure 16 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 in the USA 
under the Deep and Moderate efficiency scenario 
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Development of the total cumulative additional investment costs and total cumulative energy cost savings per building type 
over time is shown in Figure 20, where C&P buildings show both the highest investment needs and cumulative energy cost 
savings.  
 
Figure 20 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 er building type 
in China under the Moderate efficiency scenario  
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Notes: SF: single-family buildings, C&P: commercial and public buildings, MF: multi-family buildings  

5.4  Comparison – Deep and Moderate efficiency scenario 
Although the total cumulative additional investment costs under the Deep efficiency scenario are only slightly higher than 
those under the Moderate efficiency scenario, the total cumulative energy cost savings under the Deep scenario are almost 
twice as high as those  under the Moderate efficiency scenario. This implies that for comparable costs the Deep efficiency 
scenario generates twice as much energy savings, and the related financial benefits and thus, is more cost-effective. Therefore, 
it clearly shows that China as well should follow the path of ambitious new construction and retrofit.  
 

The lower total investment costs under the Deep scenario is due to the fact that the additional specific investment costs of 
advanced buildings in many cases are at the same level of magnitude as conventional buildings, and these costs of the 
advanced buildings are further lowered by the application of the learning factor (decrease in specific investment cost by 50% 
by 2050), while the costs of the conventional buildings remain constant throughout the modeling period. The higher energy 
cost savings under the Deep scenario are caused by the growing share of advanced buildings throughout the analysed period 
(advanced new and retrofit buildings are projected to account for 36% and 39% of the 2050 total region’s floor area, 
respectively), while their share under the Moderate efficiency scenario remains insignificant. 
 

Under both scenarios C&P buildings show the highest results for both cost indicators, which is caused by C&P buildings’ large 
floor area for both advanced (C&P has the second largest share in the 2050 advanced new floor area and the largest advanced 
retrofit area among the three building types) and conventional buildings (the largest share in the 2050 new floor area).  
 
Figure 21 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 in China under 
the Deep and Moderate efficiency scenario 
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Despite of SF and C&P being cost-effective, it seems unlikely for the Moderate efficiency scenario to achieve robust cost-
effectiveness by 2050 for the total building stock, as the estimations of this study show. Therefore, it can be concluded that it 
is important for India, one of the developing countries, to follow the pathway of the Deep efficiency scenario.  
 
Development of the total cumulative additional investment costs and total cumulative energy cost savings per building type 
over time is shown in Figure 25. 
 
Figure 25 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 per building 
type in India under the Moderate efficiency scenario  
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Notes: SF: single-family buildings, C&P: commercial and public buildings, MF: multi-family buildings  

6.4  Comparison – Deep and Moderate efficiency scenario 
Under both Deep and Moderate scenarios the total cumulative additional investment costs are very low in India. Therefore, 
according to the estimates and under the assumptions described above, both Deep and Moderate scenarios for India are 
considered to be cost-effective for the total building stock and most building types (only MF buildings in Moderate scenario 
are not cost-effective).  
 
The total cumulative additional investment costs under the Deep scenario are about one third higher than those under the 
Moderate scenario. This is mainly due to the fact that the specific investment cost of the advanced buildings (especially 
advanced new, which accounts for 64% of the 2050 India’s total floor area) are higher than those of the conventional buildings 
under the Moderate scenario. On the other hand, the total cumulative energy cost savings are almost 3 times higher under the 
Deep scenario than those under Moderate scenario. This is mainly due to projected proliferation of the advanced buildings in 
the India’s building stock under Deep scenario, which leads to higher energy savings.  
 
Figure 26 Total cumulative additional investment costs and total cumulative energy cost savings until 2050 in India under 
the Deep and Moderate efficiency scenario  
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In both scenarios, the rate of increase of the total cumulative additional investment costs becomes slower around 2030 due to 
the process dynamics of the building stock and in case of Deep scenario also due to the learning effect. 
 



Energy prices and capacity building are key 
enablers of the deep efficiency scenario  
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Figure 43 Total cumulative additional investment cost for varying learning factor as compared to total cumulative energy cost savings, World, Deep and Moderate 

0

10

20

30

40

50

60

70

80

90

100

20
05

20
08

20
11

20
14

20
17

20
20

20
23

20
26

20
29

20
32

20
35

20
38

20
41

20
44

20
47

20
50

tr
il.
&U
SD

20
05

Total&cumulative&additional&investment&costs&
until&2050,&World,&Deep&efficiency&scenario&

INV:/LF/default,/:50%

INV:/LF/higher,/:60%

INV:/LF/lower,/:30%

INV:/LF/lower,/:15%

Total/cumulative
energy/cost/savings

Sensitivity analysis/for/varying learning/factor

INV:%total%cumulative
additional%investment%costs
LF:% learning%factor  

0

10

20

30

40

50

60

70

80

90

100

20
05

20
08

20
11

20
14

20
17

20
20

20
23

20
26

20
29

20
32

20
35

20
38

20
41

20
44

20
47

20
50

tr
il.
&U
SD

20
05

Total&cumulative&additional&investment&costs&
until&2050,&World,&Moderate efficiency&scenario&

INV:/LF/default,/:50%

INV:/LF/higher,/:60%

INV:/LF/lower,/:30%

INV:/LF/lower,/:15%

Total/cumulative
energy/cost/savings

Sensitivity analysis/for/varying learning/factor

INV:%total%cumulative
additional%investment%costs
LF:% learning%factor   

 
 

 
 

 MONETARY BENEFITS OF AMBITIOUS BUILDING ENERGY POLICIES • January 2015                  102 

 
 
Figure 49 Total cumulative energy cost savings for varying energy price as compared to total cumulative additional investment costs, World, Deep and Moderate scenario 
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More Data & Research Needed 

•  Experience with high-performance buildings and supporting 
policies is still too low especially in emerging markets such as 
China and India  

•  There is a general lack of good data on costs for integrated 
solutions.  

•  Most experience is in adding elements to existing buildings and 
this approach doesn't work for holistic design or effective 
bioclimatic design.  

•  There is a need for large-scale demonstration and comparative 
studies. 

13 



Recommendations 

•  Develop ambitious building codes for new buildings in 
developing and emerging regions  
§  Including provision for BIPV; 

•  Then introduce building codes for retrofit buildings  

•  Enforce energy perfromance requirements of codes  

•  Education & Training in advanced buildings for all 
construction professionals (e.g. architects, planners, engineers, 
equipment installers, craftsmen, building inspectors, energy 
auditors, and site managers) 
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Conclusions 

•  Net Zero and Deep Retrofitting pay-off financially 

•  Provide significant long-term return on investment 

•  Help avoid building energy demand and GHG emissions 
at the rate necessary to tackle climate change. 

•  Only going for low-hanging fruit does not pay-off in 
the long run. 

 
15 



GBPN
Global Buildings Performance Network

Building Policies for a Better World

Thank you! 

Consult our web site: www.gbpn.org 
Follow us on Twitter: @GBPNetwork 

Send us an email: info@gbpn.org 


