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Abstract 
 
Combining cost-optimal solutions to reach nearly zero energy buildings (NZEBs) in 
compliance with European policies is an ongoing challenge. Energy consumption can be 
reduced evaluating different configurations at the design stage and implementing the most 
appropriate solutions according to the building and the location. 
This paper develops a simulation-based optimization framework of cost-optimal choices and 
energy efficiency measures for new buildings. It combines energy and cost simulations using 
a sequential search technique to find the most effective combination of energy efficiency and 
renewable energy measures starting from a base configuration. The method is applied to a 
residential building prototype, taking into consideration hourly climatic data, construction 
methods, cost data and energy consumption. A cost database and a library of potential 
measures, related to envelope, appliances and systems, have been established and used within 
the optimization process. The potential impact of climate change on the estimated cooling 
loads has been included in the calculations.  
The paper shows the feasibility of European requirements for new NZEBs located in different 
cities. It shows how to best achieve the NZEB design at the lowest cost in 14 locations across 
Europe. Results highlight how the cost-optimal measures vary with climate and how in each 
location final selected options differ. Insulation and building tightness appear essential in 
colder climates, while efficient appliances and lighting are key measures in warmer locations. 
A key finding of the research is that a source energy reduction of 90% and beyond is feasible 
for new constructions in all locations. Results also show how efficient lighting and appliances 
considerably impact the building energy performance. The importance of integrating 
renewables and energy efficiency measures is confirmed as crucial to reach the NZEBs 
target.   
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1. Introduction 
 
Accounting for around 36% of final energy demand, buildings have a huge impact on 
greenhouse gas emissions and climate change at global level [1].  At the same time, the 
building sector offers the largest potential of energy savings [2].  
The European Union is focused on limiting building environmental impact through specific 
policy actions [3]. The recast of the Energy Performance of Buildings (EPBD) Directive, the 
Energy Efficiency Directive (EED) and the Renewable Energy Directive (RED), set out the 
requirements for achieving ambitious savings in buildings [4] [5] [6]. One relevant regulatory 
obligation of the EPBD recast is that all new buildings have to be nearly zero-energy 
(NZEBs) by the end of 2020. Member States have to define what a NZEB is within their 
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