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Background and Motivation 

According to the European Energy Performance of Buildings Directive (EPBD 

2010/31/EU), all EU-Member states are obliged to continuously (at least every 

5 years) apply analysis on cost-optimal levels of minimum energy performance 

requirements towards nearly/Net Zero Energy Buildings (nZEBs).  

(BPIE) 
Design variables  
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Simulation-Based Optimization (Traditional )  

Source: Hamdy M., Hasan A. (2013). A Holistic Simulation-Based Optimization Approach for Dimentioning Cost Optimal 

and nearly-Zero-Energy Buildings. 1st IBPSA-Egypt Conference, Building Simulation Cairo 2013. 23rd- 24th June 2013. 

The usual structure of simulation-based optimization 

in building performance studies (Nguyen, Reiter, and 

Rigo 2014) . 

SOLUTION-SPACE 

Candidate solutions 
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A Question 

The cost-optimal solution 

depends on ……. ?? 
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The Cost-Optimal Solution Depends on…….? 

1- The possible design/operation options (Solution-Space) 

 

 

Source: Hasan, Ala; Palonen, M.; Hamdy, M. (2014). Simulation-based optimization for energy and buildings. World Renewable Energy 

Congress XIII, WREC 2014, 3 - 8 August 2014, London, United Kingdom. World Renewable Energy Network WREN (2014), 7 p. 

http://webextra.vtt.fi/vtt_show_record.jsp?target=julk&form=sdefe&search=72855
http://webextra.vtt.fi/vtt_show_record.jsp?target=julk&form=sdefe&search=72855
http://webextra.vtt.fi/vtt_show_record.jsp?target=julk&form=sdefe&search=72855
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The Cost-Optimal Solution Depends on…….? 

2- technical assumptions as well as financial and climate scenario (e.g., lifespan, 

interest rate, decline rate of technology price, etc.,) 

Interest rate = 0% Interest rate = 5% 

Primary Energy [kWh/m2a] Primary Energy [kWh/m2a] 
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The Cost-Optimal Solution Depends on…….? 

The cost-optimal 
solution is function of :  

1- Solutions 
Space 

2- assumptions/ 
scenario 

The complexity of finding robust cost-
optimal solution increases as long as  : 

the solution-space expands 
because of the new 
technologies 

the scenarios increase 
seeking for robust cost-
optimal solution    

Optimization-based 

Sensitivity Analysis 

Optimization-based  

Sensitivity Analysis 

Senario 1 Senario 2 Senario 3 

Optimal desicion 

(e.g., cost optimal 

investment cost) 

Inflation rate : 2% 0% 5% 
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Traditional Simulation-Based Optimization 

Time consuming 

Can not guarantee 

close-to optimal 

solution for all the 

studied senarios 

Senario 1 Senario 3 

Optimal desicion 

(e.g., cost optimal 

investment cost) 

Inflation rate : 2% 0% 5% 

Optimization results 

Optimization results (close-to-optimum) 

Senario 2 

Optimization-based Sensitivity Analysis  
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A Multi-aid Optimization Scheme (MAOS) 
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A Multi-aid Optimization Scheme (MAOS) 

 
Hamdy M., Sirén K. (2015). A Multi-Aid Optimization Scheme for Large-scale Investigation of Cost-optimality and Energy 

Performance of Buildings. Journal of Building Performance Simulation. ISSN: 1940-1493 (Print) 1940-1507 (Online)  
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The Multi-tool Calculation Engine (Grouping) 
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A Case Study / The Building 
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A Case Study / Solution-Space 
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A Case Study / Economic Scenarios 
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Results / Time-Saving 

In this example MAOS 

is reducing the time 

needed for full 

simulations during one 

optimization run from 

303 hours (0.6 hour * 

505 building simulations) 

to ~19 hours (0.6 hour * 

31 simulations). This 

results to 284 h time-

saving on a Windows-

based PC with a 2.83 

GHz processor and 8 GB 

of RAM.  
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A Multi-aid Optimization Scheme (MAOS) 
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Double-check Approach 
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Double-check Approach 
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Seeding Approach 

20 
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The Impact of Using the Introduced Approaches 

(Double-check and Seeding) on the Results Accuracy 
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The Impact of Using the Introduced Approach 

(Seeding) on the Computational Cost 
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The Impact of the Economic Scenario on the 

Cost Optimal Results 
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Optimization-based Sensitivity Analysis 
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Optimization-based Sensitivity Analysis 
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Conclusions 

The introduced MAOS scheme is a powerful tool for reducing the 

computational cost for large-scale investigation of cost-optimality 

and energy performance of buildings.  

 

• The scheme is able to avoid the major part of full building 

simulations by a local system simulation or using archived results.  

 

• In the demonstration case the number of full detailed simulations 

was reduced from 1515 (505 + 505 + 505) to 52 (31 + 14 + 7) saving 

roughly ~532 (474*0.6 + 491*0.25 + 498 * 0.25) hours in simulation 

time (~95% time-reduction). 
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Conclusions 

• The double-checking test is important for ensuring high quality of 

the optimised minima. Even at a specific studied 

scenario/assumptions the probability of large difference (>10%) 

through the double-checking test seems to be small. If the calculated 

optima are not close enough to the true optimum, the sensitivity of 

the optimized objective might be captured falsely or not at all.  

 

• Seeding good initials for the combined Genetic Algorithm and 

Pattern Search is improving the quality of the results by finding 

deeper minima than without seeding and by reducing the required 

number of computational evaluations. 
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Conclusions 

 

 The introduced scheme (MAOS) can be considered as 

practical tool to increase the investors' confidence and trust 

in investment towards nZBs by providing fast and 

comprehensive analysis. 
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