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Abstract. Considering the high share of residential buildings in the total energy 
use in Sweden, having the ambitious national energy and climate goals in mind, 
the real estate sector and its issues have been under a lot of attention during the 
past few decades. The Swedish real estate sector has often been identified with 
its ambitious public housing program during the record years (1960- 1974). This 
was at the time the largest housing program per capita in the world where more 
than a million apartments were built in a nation with a population of 8 million. 
These apartments once being the pride of a nation, are facing a lot of problems 
today, ranging from vacancy and unacceptable physical condition to very poor 
energy performance. These buildings at the verge of their service/economic life 
are in need of extensive maintenance and renovation measures. Considering the 
technological development today, the problem with maintenance and renovation 
remains to be the financial constraints. These are what makes planning for 
maintenance and renovation complicated and cost inefficient. Although there are 
tools that can help property managers with maintenance and renovation planning, 
they all fail to address the complexity of the decision-making process in a multi-
objective criteria under financial and time constraints. In this study, the focus is 
on the life cycle economy of the building components subject to energy perfor-
mance improvements during renovation. A systematic approach has been pro-
posed that can be used to budget and plan renovation with regard to energy effi-
ciency under budget constraints. This approach utilizes a modified condition/de-
terioration model of the method Schroeder to simulate the maintenance effect on 
the condition state of building components in order to obtain the cost-optimal 
maintenance regime under given restrictions. This methodology can be used to 
compare the cost effectiveness of different energy-renovation scenarios and de-
termine the optimal renovation plan for a single or a combination of buildings 
with regard to owners’ objectives and existing constraints. The results from this 
study illustrates how prioritizing action plans can affect the life cycle costs of 
building components. 

Keywords: Energy renovation, Energy efficiency, maintenance, Life Cycle 
Cost. 
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1 Introduction 

The residential building stock in Europe is rather old. After the second world war, 
together with an outstanding rapid change of economic growth, the residential stock 
was largely developed so as today buildings built before 1970 comprise around half of 
the total residential stock in most EU countries, [1]. Considering the introduction of 
thermal regulations during 1970s, the majority of these buildings were built with al-
ready poor energy performance. Today, these buildings at the verge of their service 
lives, are in need of extensive maintenance and renovation measures to not only im-
prove the energy performance but also to comply with current standards and regula-
tions.  

 
Considering the high costs of extensive renovation measures, [2], the economy of 

implementing energy efficiency measures (EEM) becomes of greater importance.  Hav-
ing in mind the high investment costs of EEMs, an alternative is to combine the invest-
ment costs of EEMs with anyway costs in order to save on the fixed costs. Current 
renovation/replacement planning follows an opportunistic approach, where in the case 
of failure a decision is made to whether implement an EEM or not. Or on the other 
hand, maintenance has been neglected in favor of deep renovation which also creates 
opportunity for energy efficiency improvements. 

 
The aftermath of energy efficiency investment has extensively been studied [3–6] 

while there are very few studies available treating the effect of timing in the life cycle 
costs (LCC) of respective building components, [7]. This is partly due to the lack of 
information as well as uncertainty in estimating the service life of different building 
components under different maintenance regimes, [8]. The questions regarding the tim-
ing of energy efficiency investments is: if it is better to implement EEMs prematurely 
or by the end of a component’s service life? Or simply what is the best time to imple-
ment an EEM. In this study, the systematic approach to maintenance and renovation 
planning proposed by [9] was used to address the aforementioned questions. It is im-
portant to mention that in the following analysis the profitability of the energy effi-
ciency investment itself was not of interest but the LCC of the respective building com-
ponent.  

2 Method 

In this study façade rendering was chosen as an example to demonstrate the given 
methodology. Four scenarios were discussed to illustrate the effects of energy effi-
ciency timing and maintenance planning on the life cycle costs of façade rendering. The 
chosen EEM was the façade insulation with an estimated marginal cost of 40% of the 
reinstatement cost, [10]. Table 1 shows the characteristics of the chosen component, 
namely the façade rendering and the assumptions made in this study regarding the costs 
of energy, EEM investment cost and so on. 
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Table 1. Costs, assumptions and energy use data for the façade rendering, [10, 11]. 

Component Façade rendering 
Reinstatement cost (per reinstatement activity) 694 Kr/m2 
Maintenance cost (per maintenance activity) 147 Kr/m2 
Marginal cost of implementing EEM 277 Kr/m2 
Building energy use 140 kWh/m2 . year 
Energy saving potential 25% 
Energy price (average) 0.8 Kr/kWh 
Growth rate in energy price  1%/year 
Inflation 2% 
Growth rate in construction and services costs 1%/year 
Discount rate 4% 
Initial service life 35 years 

 
As mentioned earlier there is in general lack of knowledge regarding the service life 

of building components and the corresponding maintenance effect. To overcome this 
issue in this study the method proposed by [9] was used to simulate the estimated ser-
vice life of façade rendering under different maintenance regimes. Thereafter the LCC 
analysis has been carried out for each simulated scenario to create a cost profile of 
different maintenance regimes.  

 
For the simulation of the component’s condition behavior in Farahani’s [9] ap-

proach, Schroeder method [12] was utilized for the estimation of condition behavior 
and the deterioration model was modified by non-repeating alteration of the condition 
state to predict the effect of maintenance on the condition state and consequently the 
estimated service life of respective building components. 

 
For the first scenario in this study the maintenance interval of 15 years (a common 

interval) was used to calculate the LCC of the façade rendering. The reinstatement cost 
was applied at year 0, whereas the implementation costs of energy efficiency measure 
was applied at the end of the service life for each scenario. 20 years of age was consid-
ered as the longest maintenance interval in order to keep the acceptable condition level 
for the façade rendering (technical limit). For the second scenario, the LCC of an op-
portunistic premature implementation of energy efficiency measure was calculated for 
a hypothetic implementation year. The result then was compared to the first scenario 
taking into account the energy savings made during the time between the premature 
implementation of the energy efficiency measure and the service life of the façade ren-
dering calculated in the first scenario. In the third scenario, the proper maintenance 
regime which resulted in the same service life as the one used in scenario 2 were found 
and the LCC were calculated to study the difference between the opportunistic prema-
ture implementation and the planned premature implementation of the energy effi-
ciency measure. Finally, for the forth scenario, all possible maintenance scenarios were 
tested against each other to find the cost-optimal year at which the respective energy 
efficiency measure should be implemented. 
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It is important to mention that all the scenarios were only simulated for the mainte-
nance regimes which kept the façade rendering on proper working condition. Therefore, 
retroactive maintenance regimes were excluded from the results of the simulated sce-
narios. 

3 Results and discussion 

For the first scenario, the estimated service life was simulated for a common 15 years 
maintenance interval. Figure below (see Fig. 1) shows the condition behavior of the 
façade rendering under considered maintenance regime. The condition state in the fol-
lowing figures represents three characteristics of building components, namely: func-
tionality; safety and aesthetic. Condition state at 100% represents the new component 
whereas 20% identifies the minimum accepted quality therefore the end of service life 
of the respective component. Below 20% are the condition states at which there is high 
risk of failure. As it can be seen, the estimated service life in this case reached 60 years 
of age at point of which the part is replaced and the EEM is implemented. These two 
actions together are called energy renovation in the figure and is used in the rest of this 
study.  

 
Fig. 1. Condition state of the façade rendering under the maintenance regime with 15 years in-
terval and an energy renovation at 60 years of age. 

In this scenario, the life cycle costs (net present value) are calculated as below: 
 

!""#$.& = "()*+,-. + "0,*. 1 + 2$ -3 1 + 24 -3+
*5& +

																																				")()+,-789: . 1 + 2$ -789: 1 + 24 -789:    (1) 
 
where, !""#$.& is the net present value of the life cycle costs for the first scenario 

(Kr/m2); "()*+,-. is the reinstatement cost (Kr/m2); "0,* is the maintenance cost in dif-
ferent iterations (Kr/m2); ")()+,-789 is the costs of energy renovation (Kr/m2); ;<=& is the 
estimated service life in the first scenario (years); 2$ is the rate of growth in construction 



5 

and services costs on top of inflation; 24 is the discount rate and > is the time (years); ? 
is the maintenance counter; @ is the number of maintenance measures carried out.  

 
Using the values given in table 1, the !""#$.& was calculated at 1140 Kr/m2. It is 

important to note that, since the difference between the 4 scenarios were of interest in 
this study, the total cost of energy use was not included in the calculation of the LCC 
in scenario 1. In other scenarios however, the cost of saved energy during the time 
between the energy renovations in two scenarios were added.  

 
In the second scenario, it was assumed that due to other component’s failure (for 

example, windows had to be replaced) an opportunity arose for renovation of the façade 
rendering earlier than the end of its expected service life, in this case 9 years earlier at 
51 years of age, (see Fig. 2).  

 
In this case, considering the earlier energy renovation time than in the first scenario, 

the LCC include the saved energy costs between the year 51 and year 60 (assuming that 
the same energy saving measure is to be implemented in year 60 in scenario 1) in addi-
tion to the salvage value of the façade rendering by the year 60. 

 
Fig. 2. Condition state of the façade rendering under the maintenance regime with 15 years in-
terval and a premature energy renovation at 51 years of age. 

The life cycle cost is calculated as below: 
 

!""#$.A = "()*+,-. + "0,*. 1 + 2$ -3 1 + 24 -3+
*5& +

")()+,-BC7D. 1 + 2$ -BC7D 1 + 24 -BC7D +
")()+,-789: . >)#E: − >G()+ >)#E: 1 + 2$ -789: 1 + 24 -789: −

																																						 2# H. ") 1 + 2) -I 1 + 24 -I-789:
J5-BC7D

   (2) 
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Where, >G()+ is the time of premature energy renovation; H is the energy use 
(kWh/m2,year); ") is the cost of energy (Kr/kWh); 2# is the energy saving ratio (%); 2) 
is the growth rate in energy price. The salvage value in this study is calculated using a 
linear value depreciation. 

 
For this scenario, the LCC was calculated at 1155 Kr/m2, 15 Kr/m2 higher than the 

LCC of the first scenario showing that even considering the savings made through im-
plementation of the EEM earlier in time did not justify the premature replacement of 
the façade rendering. If the energy savings between the two scenarios were not taken 
into account, which normally is the case, the offset would increase to 60 Kr/m2 at the 
LCC of 1200 Kr/m2. This is equal to 22% of the energy efficiency implementation 
costs.  

 
As it was shown, opportunities would be financially justified only if the effects of 

the decision made were evaluated in a life cycle perspective. Therefore, in this case, the 
decision to carry out energy renovation at earlier time would only be financially justi-
fied if the savings made through combining the renovation of the two parts (windows 
and façade rendering) resulted in savings greater than the difference between the two 
scenarios, 15 Kr/m2 and 60 Kr/m2 with and without energy savings respectively.  

 
In the third scenario, the aim was to study the effect of a different maintenance re-

gime which resulted in the estimated service life of 51 years in an ideal case, on the 
LCC of the façade rendering. Using the proposed method in [9] a maintenance regime 
with an interval of 17.5 years was found to be the ideal scenario which resulted in 51 
years of estimated service life, see Fig. 3. 

 

 
Fig. 3. Condition state of the façade rendering under the maintenance regimes in two different 
scenarios with 15 and 17.5 years of intervals. 

For this scenario, the life cycle costs were calculated using the equation below, equa-
tion 3.  
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!""#$.K = "()*+,-. + "0,*. 1 + 2$ -3 1 + 24 -3+
*5& +

")()+,-789L . 1 + 2$ -789L 1 + 24 -789L +

")()+,-789: . >)#E: − >-789L >)#EL 1 + 2$ -789: 1 + 24 -789: −

																																								 2# H. ") 1 + 2) -I 1 + 24 -I-789:
J5-789L

   (3) 

 
The only difference between equation 2 and equation 3 is the value depreciation base 

as the estimated service life in the third scenario was calculated at 51 years comparing 
to the second scenario which was based on the estimated value for the first scenario, 
namely 60 years. Using equation 3, the LCC in the third scenario was calculated at 1122 
Kr/m2, 33 Kr/m2 lower than the LCC of the second scenario and even 18 Kr/m2 lower 
than the original plan (the first scenario). 

 
The difference in the calculated LCC highlights the importance of proper mainte-

nance planning in the life cycle economy of a given building component. Since the 
assumption regarding the opportunity given in the second scenario was based on an 
unexpected failure of the other component, namely windows, it is very difficult for the 
property manager to foresee the failure and plan maintenance for the other component 
accordingly. However, considering the nature of building deterioration, the time to fail-
ure can still be estimated and using a proper maintenance regime the LCC can be opti-
mized. It should be noted that, this study neglects the maintenance regime applied to 
the other component (windows) entirely, otherwise as shown in [9], two building com-
ponents which share certain fixed costs can be managed and undergo an optimized 
maintenance and renovation strategy in order to minimize costs while sustaining the 
acceptable working condition.  

 
It was assumed that the first scenario in this study represents a proper maintenance 

regime for the façade rendering with no regard to energy efficiency. In the first scenario, 
the LCC was calculated for the case where an energy efficiency measure was to be 
implemented in connection with the replacement of the façade rendering. In the fourth 
scenario, the aim was to evaluate the LCC of earlier energy renovations using different 
maintenance intervals in order to find the optimum plan for the given building compo-
nent. 

 
Longer maintenance intervals result in shorter estimated service lives, thus earlier 

renovation years. In order to examine the effects of earlier energy renovations on the 
LCC of the façade rendering, the estimated service lives for maintenance intervals 
longer than 15 years (the first scenario) were needed. Using the same method [6], these 
values were simulated and the resulting LCCs were calculated against the LCC of the 
first scenario, see Fig. 4. In order to see the effects of the EEM on the LCC of the façade 
rendering, all the LCCs were calculated for two cases. First, the LCC including the 
energy savings made through implementation of the EEM, the blue line in the figure. 
Second, the LCC excluding the energy savings, the orange line in the figure. In another 
word, the orange line represents a practice where property managers do not include 



8 

opportunity value (energy savings between the two alternatives) in the calculation of 
the LCC. And the blue line represents a complete LCC analysis. 

 
In figure 4, except for the first point on both the orange and the blue lines, taking on 

the life cycle assessment approach illustrates the positive effect of energy efficiency 
measure (EEM) on the LCC of the façade rendering. As it is shown the given mainte-
nance regime in scenario 1 was the most cost-effective plan comparing to the rest of 
the simulated alternatives (the orange line). Yet taking into account the energy savings 
can potentially lower the LCC by 23 Kr/m2 with a maintenance interval of 18.3 years 
comparing to the first scenario or 83 Kr/m2 comparing to the second scenario without 
energy savings. That is equivalent to 8% and 30% of the energy efficiency investment 
costs, respectively. 

 
The results showed that, in general, earlier implementation of the EEM noticeably 

lowered the LCC of the façade rendering. Considering that buildings comprise of many 
different components, when assessed together, the property manager can take ad-
vantage of the presented results and choose the appropriate renovation year accord-
ingly. It should however be noted that, the magnitude of the results strongly depends 
on the assumptions made and the calculated amount of energy saved. Nonetheless, large 
or small, whatever the magnitude of the savings, this approach can be used to optimize 
planning and estimate renovation time at minimized life cycle costs specially under 
budget constraints. 

 
Fig. 4. The calculated LCC values (with and without energy savings) for different maintenance 
intervals in comparison to the LCC of the first scenario. 
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4 Conclusion 

The results given in this study showed the importance of life cycle assessment in the 
cost analysis of energy renovation measures (EEM). What is often missed in economic 
assessments of energy renovation measures is the cost effects of proper maintenance 
planning in the economic evaluation of presented opportunities. Today the focus is on 
the aftermath of energy renovation as buildings are old and in need of immediate atten-
tion. This study showed that considering the uncertain nature of building deterioration, 
a systematic planning can still help property managers to optimize costs and create op-
portunities rather than waiting for them to show up.  

 
As discussed earlier, a proper maintenance regime with regard to energy efficiency 

could save up to 30% of the investment cost required for the implementation of the 
respective EEM. Considering that combining a number of building components (with 
sharing fixed costs) results in lower investment required, using the proposed approach 
for more than one component can potentially result in greater savings than what was 
calculated in this study. 

 
In general, the results indicate that earlier implementation of EEMs make economic 

sense, however the magnitude of the results can vary depending on the input values for 
the discount rate, energy price growth rate, savings made, energy use, etc.  

 
The simulated LCC profile can help property managers to more reliably adjust 

maintenance and renovation plans based on the available budget and/or technical con-
straints.  
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