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Abstract: 

Buildings offer a large cost-effective energy savings potential. The aim of this paper is to show different levels of energy savings that can be achieved under varying conditions, and to point out the opportunities and the risks of different trajectories in retrofitting public buildings. Comparing the highest energy saving potential with the suboptimal trend in retrofitting shows the so-called “lock-in effect”. The paper is based on the results of the dissertation research. The scenario analysis is based on a relatively new methodological approach, the „performance-based approach”. The scenario analysis shows that although the rate of retrofit is a factor influencing the total energy savings potential, even more important is the level to which the buildings are retrofitted. If the whole stock of the existing buildings is retrofitted by 2030 only to the level of partial retrofit (assuming 28% energy savings), the resulting potential will be only slightly higher than if the buildings are gradually retrofitted to the level of high-performance buildings at natural rate of retrofit (assumed 1% p.a.). Moreover, the first option requires much higher investment. In other words, the same amount of energy savings can be achieved at much lower cost when the second option is chosen. Once the right transition strategy is developed, the rate of retrofit can be accelerated. The paper points out at the risk of falling into a lock-in effect, when more than half of the potential can be lost due to suboptimal retrofit at an accelerated rate.  This means that large amount of energy may be locked in the current suboptimal consumption patterns for several next decades until the next renovation cycle. The paper feeds in the current debate on accelerated rate of retrofit introduced in the draft energy efficiency directive. 
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1 Introduction

The impacts of climate change as well as rising prices of energy force the policy makers to search for strategies that would bring significant energy savings and related reductions in CO2 emissions. EU set a target to reduce its energy use by 20% by 2020 (EC 2008). Several countries committed to even higher energy and CO2 reduction targets. Buildings can play an important role in this mitigation effort, especially in economies in transition provide large mitigation potential at low-cost (Levine et al. 2007). Therefore medium- and long-term strategies in this sector are needed. Although several studies focus on residential buildings only, few of them focus on tertiary/public buildings. This paper aims to summarize the results of a dissertation research of Korytarova (2010), which is focused on energy efficiency potential in Hungarian public buildings in terms of space heating. The paper focuses on assessing different possible pathways in terms of energy savings in Hungarian public buildings, both the opportunities and the risks of such strategies. Despite the significant energy savings potential that can be achieved in buildings in economies in transition, currently large number of buildings is being retrofitted to levels which bring low energy savings. In order to assess the risk of large-scale retrofit to such suboptimal levels, the so-called lock-in effect is calculated based on the comparison of the most ambitious and the least ambitious scenario. Lock-in effect refers to the amount of energy or CO2 emissions that are locked-in in the building structures due to suboptimal retrofit for the next several decades until the next renovation cycles starts. Once the building is retrofitted to such a low quality retrofit, it is not economical to retrofit it again in few years time. High efficiency retrofit is economical only when buildings would have to be renovated anyway. Approximate length of a retrofit cycle in Hungary is about 30-50 years (Csoknyai, pers. com. 2009). In the OECD countries the renovation cycle is shorter, cca 30-40 years (Laustsen 2008).
2 Methodology

The scenarios are based on a so-called performance-based approach which is based on bottom-up modeling framework. Performance-based modeling approach started as a reaction to the increasing number of regulation utilizing partly or fully the principles of energy performance of building – i.e. requirements based on the whole performance of the building rather than on prescriptive requirements for the different building components. Such approach is used in EPBD and in building codes of several countries (Hui 2002). Often the performance-based approach is combined with the prescriptive requirements for the individual building elements (including the current Hungarian building code). Performance-based approach is used also in energy certification schemes (e.g. Swiss Minergie, German Passive house standard, French effinergie, Dannish Low energy class 1) and financing mechanisms as a threshold for receiving financial incentive (e.g. Green Investing Scheme in Hungary, KfW’s “Energy efficient retrofit” program in Germany) as well as long term plans of several countries are set as a performance indicator (for details see Thomsen et al. 2008). 
So far most of the studies on energy savings/mitigation potential in the building sector are based on a so-called component-based approach. The dissertation research is one of the first few assessments of energy savings potential to use the performance-based approach (such as Novikova 2008, Jensen et al. 2009, Global Energy Assessment, GEA in Ürge-Vorsatz 2010, Petrichenko 2010). The main advantage of this approach is that unlike the component-based approach, it treats the building as a system and thus allows incorporation of all synergies that occur in deep renovation. Studies based on component-based approach have a difficulty to include these synergies and the related costs, which, if included, may increase the cost of retrofit significantly. On the other hand, performance-based approach may be a basis for setting clear policy targets and trajectories on how to achieve the level of nearly zero energy buildings. Moreover, performance-based standards leave room for the architects and planners to combine different components in such a way that the required performance level is reached in a cost-effective way. 
The methodology framework of the research consists of several steps. First, the public building stock is constructed and its projections until 2030 are developed. Second, the business-as-usual (BAU) scenario is constructed. Third, mitigation scenarios are constructed based on the assumptions provided below. Fourth, scenario analysis is conducted including quantification of the lock-in effect. And finally, sensitivity analysis is performed to show the ranges of options given varying factors.
 

Figure 11: Modelling framework for scenario analysis
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The public building stock is constructed based on the development of eight standardized public building types. Projections of building stock development for each building type is based on the trend of the projection indicators, different for each building type (e.g. number of active hospital beds per ten thousand inhabitants for large health care buildings, number of full-time enrolled students per thousand inhabitants for universities). For each building type a heating energy requirements is calculated based on a set of energy audits conducted in public buildings in Hungary from three different sources (UNDP/GEF 2008, Nagy 2008 and Csoknyai 2008a)
 and these are subsequently fed into the projections of the baseline scenario. The calibrated BAU scenario is used as a basis for comparison of the other three mitigation scenarios. 

Three mitigation scenarios are constructed:

· Passive accelerated scenario;

· Passive 1% scenario;

· Suboptimal scenario.
Construction of the mitigation scenarios is based on the assumptions provided in Table 1, which includes also the summary of assumptions underlying BAU scenario. 
Table 1: Assumptions underlying the BAU scenario and three mitigation scenarios
	Scenario assumptions

	BAU scenario
	· Existing buildings: retrofitted at 1% p.a. either to the level of the currently prevailing partial retrofit (28% energy savings compared to buildings built before 1990) and to the level of 2006 Building code (50% energy reduction compared to buildings built before 1990)

	
	· New buildings: built according to 2006 BC

	All mitigation

scenarios
	· New buildings: 

· All new buildings are PH by 2019
· Transition by 2020: 

· 2011 Building code  60 kWh/(m2.a) - phase-out in 2015

· Low energy               30 kWh/(m2.a) - phase-out in 2019
· Passive house            15 kWh/(m2.a)

· Phase-out of 2006 Building code: 2011

	Passive

accelerated

scenario
	· Existing: 

· All existing buildings (built until 1990) are retrofitted by 2030

· Out of the retrofitted buildings these performance levels are achieved by 2020: 

· 85%      PH                                25 kWh/(m2.a)

· 10%      Low energy                  45 kWh/(m2.a)

· 5%       2011 Building code       60 kWh/(m2.a)

	Passive 1%

scenario
	· Existing: 

· Rate of retrofit: 1% p.a. of existing buildings

· Retrofitted:   
· 85%      PH                               25 kWh/(m2.a)

· 10%      Low energy                 45 kWh/(m2.a)

· 5%        2011 Building code     60 kWh/(m2.a)

	Suboptimal

accelerated

scenario
	· Existing: 

· All existing buildings (built until 1990) are retrofitted by 2030 (accelerated rate of retrofit)

· Retrofitted: partial retrofit (28% energy savings compared to buildings built before 1990)


The BAU scenario assumes that the existing buildings (built until 1990) are retrofitted at natural rate of retrofit (1% p.a. based on Petersdorff et al. 2005, Novikova 2008) to partial retrofit (based on average energy savings of achieved in residential panel program reported by Pájer 2009, which is 28% energy savings relative to building built before 1990) and to the level of the current building code (Magyar közlöny 2006, which means 50% energy reduction compared to buildings built before 1990). It is assumed that the level of the current building code (2006 Building code) takes over the partial retrofit level after 2011. All new buildings are assumed to be built to the level of the current building code (Magyar közlöny 2006). The costs are based on ETK (2006-2009). 

In all three mitigation scenarios identical assumptions are applied for all new buildings. All new buildings are assumed to become passive by 2019, which is based on Art. 9 of Directive 2010/31/EU on energy performance of buildings (EC 2010). In the transition period new buildings are built at the level of 2011 Building code (60 kWh/(m2.a)), low-energy standard (30 kWh/(m2.a)) and passive house standard (15 kWh/(m2.a)). The three mitigation scenarios differ only in the assumptions for the existing buildings.
Passive 1% scenario assumes that the existing building stock is gradually retrofitted at the natural rate of retrofit (1% p.a. of the existing building stock built until 1990 per year) and that there is a gradual transition towards the level of passive house retrofit by 2019 (PHI 2010). 

Passive accelerated scenario assumes that the whole building stock is gradually retrofitted by 2030 and that a gradual transition towards the level of passive house standard takes place. 

In the Passive 1% and Passive accelerated scenarios during the transition period which leads towards achieving 85% of building stock to be retrofitted to the passive house standard by 2019, the buildings are retrofitted to the level of 2011 Building code (60 kWh/(m2.a)), low energy building (45 kWh/(m2.a)) and passive house retrofit (25 kWh/(m2.a)). 

Suboptimal accelerated scenario similarly assumes retrofit of all existing buildings by 2030. However, the buildings are retrofitted only to the level of partial retrofit. 
The lock-in effect is calculated as a difference between the Suboptimal accelerated and Passive accelerated scenario. 

3 Results

The research shows that the Suboptimal accelerated scenario leads only to slightly higher energy savings than if a gradual transition towards the passive house retrofit is applied to only 1% of the building stock annually. Moreover, while all existing buildings are retrofitted by 2030 in Suboptimal accelerated scenario, and thus higher energy use and the related emissions are locked-in until the next renovation (which may take place in 30-50 years), Passive 1% scenario leaves significant room for further advanced retrofit even after 2030, and thus, further energy savings. 

When high efficiency retrofit standards are gradually applied to the whole building stock, energy savings of up to almost 70% can be reached (compared to 2030 BAU energy use). Comparing energy savings under the Suboptimal and Passive accelerated scenario reveals the lock-in effect (i.e. the missed opportunity in terms of unutilized energy savings potential) – this can reach up to cca 44% (of 2030 BAU energy use). This means that more than half of the total energy savings potential can be lost if the whole building stock is retrofitted to only suboptimal levels of retrofit. 

Figure 21: Final energy consumption for space heating in the three scenarios (GWh)
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Table 2 shows the energy savings compared to the BAU scenario, as well as the total cumulative investment and the total cumulative energy cost savings in the period 2011-2030 under the different scenarios. 
Table 2: Energy savings potential, investments and energy cost savings for the whole building stock

	 
	Energy consumption 
	Investment vs. savings

	
	Business-as-usual in year 2030 
	Energy saving potential in year 2030 
	Energy saving potential in year 2030 (% of BAU)
	Total cumulative investment (2011-2030)
	Cumulative energy cost savings (2011-2030)

	 Scenario/Unit
	GWh
	GWh
	GWh
	Billion EUR
	Billion EUR

	Suboptimal accelerated 
	7 109
	1 820
	25.6%
	1.32
	0.60

	Passive 1% 
	7 109
	1 389
	19.5%
	0.61
	0.46

	Passive accelerated 
	7 109
	4 934
	69.4%
	1.85
	1.63


The most ambitious Passive accelerated scenario requires the highest investment up to year 2030, however, it also brings the highest energy savings. On the other hand, while the massive retrofit to suboptimal level requires relatively comparable amount of investment (cca 30% less investment) as in the Passive accelerated scenario, the energy savings in the Suboptimal accelerated scenario are less than half of those under the latter scenario. In other words, Passive accelerated scenario provides more than double energy savings at just 70% higher investment (compared to Suboptimal accelerated scenario). On the other hand, while the investment requirements of the Suboptimal accelerated scenario are more than double of that under the Passive 1% scenario, the energy savings gained under this scenario are only 20% higher than those under the latter scenario. 

In Table 3 the details of the investments and energy cost savings in the new construction and retrofit can be further studied.
Table 3: Total investment and energy cost savings for new construction and retrofit up to 2030
	Scenario
	New construction
	
	Scenario
	Existing buildings

	
	
	
	
	

	
	Cumulative investment (billion EUR)
	Cumulative energy cost savings

(billion EUR)
	
	
	Cumulative investment (billion EUR)
	Cumulative energy cost savings (billion EUR)

	Suboptimal accelerated
	0.53
	0.27
	
	Suboptimal accelerated
	0.79
	0.33

	Passive 1%
	0.53
	0.27
	
	Passive 1%
	0.08
	0.19

	Passive accelerated
	0.53
	0.27
	
	Passive accelerated
	1.32
	1.36


Table 3 shows in detail that the investment required for the new construction as well as the related energy cost savings are the same for all scenarios. This is given by the obligation in the Article 9 of the EPBD directive 2010/31/EC (EC 2010) that all new public buildings shall be nearly zero energy buildings from 2019 onwards. Implementation of this requirement requires large investment, however, brings also large energy savings at the same time. 
The scenarios differ in terms of retrofit. While the investment in Suboptimal accelerated scenario is 10 times higher than in Passive 1% scenario, the energy savings in this scenario are only 50% higher than the savings under the latter scenario. This implies that for the same amount of investment, the Passive 1% scenario provides much higher energy savings than the Suboptimal accelerated scenario.

Moreover, although the investment in the Passive accelerated scenario is only two thirds higher than the investment in the Suboptimal accelerated scenario, this investment brings 4 times higher energy savings. 
This analysis shows that the massive retrofit to only suboptimal level is not justified either in terms of energy savings or in terms of financial rationale. Based on the analysis, it is advisable that the country first sets the right strategy for the transition towards nearly zero energy buildings through gradual improvement of the minimum energy requirement. Only then the rate of retrofit can be increased in order to pump up the energy savings. If a country carries out a massive suboptimal retrofit, large energy savings potential would be lost due to the lock-in effect, which accounts to about 44% of the 2030 BAU final energy use (the difference between the energy savings potential in Passive accelerated scenario and Suboptimal accelerated scenario in year 2030). 
In order to further illustrate the lock-in effect, the scenario analysis was further extended until year 2050 (Figure 3) based on simplified assumptions.  
Figure 3: Final energy savings potential for space heating up to 2050 (GWh)
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While energy savings in both Passive accelerated scenario and Suboptimal accelerated scenario grow only slightly after 2030 (the increase is solely caused by energy savings in new construction), the Passive 1% scenario brings further energy savings and outperforms the Suboptimal accelerated scenario already around year 2037. This again illustrates the importance of setting an ambitious strategy towards high-efficiency buildings at the beginning of the transition and then choosing the rate of retrofit that is feasible for the country both in terms of financial possibilities and technical capacities of the construction market. Similar analysis can be performed for different rates of retrofit, which will show the financial implications and energy savings potential. 
Sensitivity analysis was performed for three factors: energy prices, discount rates and rate of retrofit. While the changes in energy prices and discount rates affect the cost-effectiveness of the measures, the rate of retrofit affects mainly the extent of the total energy savings potential (and implies only small changes in cost-effectiveness), Figure 4.
Figure 4 Cost curve, Passive accelerated scenario, sensitivity to changes in energy prices, discount rate and retrofit rate

	[image: image4.emf]Cost curve, Passive accelerated scenario, energy price increase 1.5%, 3%, 5% p.a.
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	[image: image5.emf]Cost curve, Passive accelerated scenario, discount rate 4%, 6%, 8% p.a.
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	[image: image6.emf]Cost curve, Passive accelerated scenario, retrofit rate 4.6%, 4%, 3.5% and 3% p.a.
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Once the target of reaching level of nearly zero energy buildings is set, together with the strategy of the transition towards this level of energy performance, then the right rate of retrofit shall be chosen. Figure 5 shows the different trajectories for varying rate of retrofit until 2030. 

Figure 5 Passive scenarios with varying retrofit rates
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4 Conclusions
The results show that the large-scale renovation of the existing building stock does not bring significant energy savings unless high quality of retrofit is ensured. In other words – more than twice as much energy savings can be reached if high efficiency building standards are applied to retrofit of the existing building stock. 
Another message from the research is that large-scale retrofit of existing buildings at suboptimal level (assumed 28% energy savings per building; Suboptimal accelerated scenario) brings only slightly more energy savings than small-scale retrofit to the level of high-efficiency standard (Passive 1% scenario). Therefore rather than prescribing that the whole stock should be retrofitted at a speedy rate to a relatively low levels of retrofit, high-quality retrofit should be ensured, even though at only a slower rate of retrofit. 

This is because while retrofitting the whole building stock to the suboptimal level (by 2030) brings relatively small energy savings until 2030, there is no more room for further retrofit until the next renovation cycle of the building (which is around 30-50 years). However, comparable energy savings can be achieved by a gradual transition towards deep retrofit at a much slower pace, and moreover, this leaves more space for further renovation even after 2030. Such a transition is much more feasible for the economy as well as allows the construction market to develop. 
In other words, for the comparable investment of an accelerated retrofit to suboptimal level, much higher energy savings can be ensured through a slower rate of retrofit if a strategy of a gradual transition towards high performance buildings is implemented from the beginning. 
Based on the research, the following recommendations are drawn: 

· National strategy for the transition towards high-efficiency retrofit should be constructed including a detailed plan/pathway for gradual improvement of minimum energy requirements.
· Public funds/programmes for renovation of buildings should support only high efficiency retrofit (the support should be an incentive for the best performance, not an average retrofit practice). In fact, state funds should not support retrofits to the level of building code, it shall reward the front runners.  
· The level of support should be differentiated according to the level of retrofit quality – (i.e. the higher level of energy savings is reached, the higher support is provided) and should follow the national transition pathway towards passive house retrofit (phase-in and phase-out of different levels of minimum requirements should be reflected in phasing-in and phasing-out of the support for retrofit to such levels). Part of the support shall be provided upon verification of the achieved savings which are comparable to the planned savings (e.g. provision of the loan upon a plan combined with a provision of a grant upon a verification of achieved savings).
· The public fund/programme should set and maintain a database of all supported projects, monitor the planned and real energy savings and analyze the cost-effectiveness of individual projects (including the building parameters, energy performance and split of retrofit cost). 

· Part of the support should be provided to the beneficiary after measured and verified data on real energy savings are submitted to the fund administrator one year after the finalization of the construction work. 
The support scheme could function as follows: the state fund/programme provides preferential loans for the beneficiaries. The beneficiaries have to submit energy audit including average energy consumption of the building for the last three years, plan for a system retrofit ensuring certain level of heating energy requirement (e.g. 40 kWh/m2.a). In addition, a grant of e.g. up to 20% of the total loan can be provided to the beneficiary after submission of energy audit verifying achievement of the prescribed heating energy requirement.
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Developing building type geometry





Heating energy requirements


Calculation of average heating energy requirements per building type based on the available set of audits (UNDP/GEF 2008, Nagy 2008, Csoknyai 2008)








Database of performance levels (for space heating)


- Identification of energy performance levels applicable  to Hungarian public buildings and their additional costs








Scenarios for low-energy future





Sensitivity analysis








� Details on methodological steps of the dissertation which are not related to the scenario analysis are not described here. For more on dissertation methodology see Korytarova (2010).


� The average heating energy requirements for Hungarian public buildings were first quantified in Korytarova (2010). 


� E.g. the KfW “Energy efficient retrofit” program offers preferential loans with a possibility to obtain a grant of up to 12.5% of the loan depending on the level of energy performance of the retrofitted building (� HYPERLINK "http://www.kfw.de" ��www.kfw.de�). Slovak credit line Slovseff (� HYPERLINK "http://www.slovseff.eu" ��www.slovseff.eu�) provides preferential loans, free energy audits and a grant of up to 15% if the planned energy savings are reached. However, the program requires only 15% energy savings to be achieved. 
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