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Summary: The European Council in 2007 adopted ambitious energy and climate change objectives for 2020 – to reduce greenhouse  gas emissions by 20%, rising to 30% if the conditions are right  to increase the share of renewable energy to 20%, and  to make a 20% improvement in energy efficiency.  Commercial and residential buildings use almost 40% of the primary energy and approximately 70% of the electricity. The energy used by the building sector continues to increase, primarily because new buildings are constructed faster than the old ones are retired.

In the recast of the EPBD-Article 9 is required: by 31 December 2020 all new buildings should be nearly zero energy buildings[1]. Although with the EPBD  everything is declared what should be done for increasing the nZEB, the member states have generated different definitions about nZEB which affects the on possible solutions. 

In this paper will be analyzed the possible impact of the  different definitions for nZEB on the policies and incentives for increasing the number of nZEB and the ways of transforming the existing buildings into  nZEB. 
Also will be given overview of  several definitions of what ZEB means in practice, how it is defined in different EU Member States and the arising challenges of designing nearly Zero Energy Building’s.

1. INTRODUCTION

It is well known how essential is for the EU to ensure that its building stock is highly energy efficient  and we have all witnessed the gradual increase in ambition that is encapsulated in the EU legislation. The 40% of primary energy use and about 36% of greenhouse gas emissions in the building sector are more than enough facts that actions to reduce the energy demand of the building stock are more than welcome.


The recast Energy Performance of Building Directive (EPBD) requires EU Member States (MSs) to construct only nearly Zero-Energy Buildings (nZEB) from 2019 for public sector and from 2021 for all new buildings. Acknowledging Europe’s diversity and adding flexibility, EPBD requires MSs to draw up specifically national nZEB definitions and national plans reflecting national, regional or local conditions. These plans must translate the nZEB requirement into practical and applicable measures and definitions to steady increase the number of nZEB.

Therefore, the key principle of nZEBs is reduction of building energy demand through energy efficiency measures, accompanied by renewable energy supply. In this regard, nZEBs is a less strict type of Net Zero Energy Buildings (NZEBs), in which building energy demand is completely covered by renewable energy (Zhu et al.2009). According to Torcellini, et.al. (2006), “a net zero-energy building (ZEB) is a residential or commercial building with greatly reduced energy needs through efficiency gains such that the balance of energy needs can be supplied with renewable technologies”.

Although the concept of nearly and/or net-zero energy buildings is being more and more widely used in policy-making, scientific, research related to the definition of NZEBs, calculation methodologies and related research are quite limited
2. TERMS AND DEFINITIONS OF nZEB

· Net zero energy building (nZEB)

Energy use of 0 kWh/(m² a) primary energy 

Net Zero Energy Building balances its primary energy use so that the primary energy feed-in to the grid or other energy network equals to the primary energy delivered to nZEB from energy networks. Annual balance of 0 kWh/(m² a) primary energy use typically leads to the situation where significant amount of the on-site energy generation will be exchanged with the grid. Therefore a nZEB produces energy when conditions are suitable, and uses delivered energy during rest of the time.
· Energy performance of the building
According to EPBD, the energy performance of a building shall be expressed with a numeric indicator of primary energy use, based on primary energy factors per energy carrier, which may be based on national or regional annual weighted averages or a specific value for on- site production.

· Delivered energy

Energy, expressed per energy carrier, supplied to the technical building systems through the system boundary, to satisfy the uses taken into account (e.g. heating, cooling, ventilation, domestic hot water, lighting, appliances etc.) or to produce electricity.
· Exported energy

Energy, expressed per energy carrier, delivered by the technical building systems through the system boundary and used outside the system boundary.

· Net delivered energy

Delivered minus exported energy, both expressed per energy carrier
· CO2 emission coefficient
For a given energy carrier, quantity of CO2 emitted to atmosphere per unit of delivered energy

· Primary energy (EPBD recast)
Energy from renewable and non-renewable sources which has not undergone any conversion or transformation process.

  Primary energy can be calculated as:
[image: image2.png])
o Faens
PARE Z(E.m

£ = Z(z.,..,.




where

Edel,i  - delivered energy for energy carrier i; Eexp,i - exported energy for energy carrier i; fdel,i - primary energy factor for the delivered energy carrier i; fexp,I - primary energy factor for the exported energy carrier i, which may or may not be equal to the factor of the delivered energy, depending on national definition; [2,3]
3. DEFINING NEARLY NET ZERO ENERGY BUILDINGS



Nearly net zero energy building definition shall be based on delivered and exported energy according to EPBD recast and EN 15603:2008. From net delivered energy, numeric indicator of primary energy can be calculated and used to define the performance level of nearly net zero energy building. Primary energy indicator (called often also as primary energy rating) sums up all delivered and exported energy (electricity, district heat/cooling, fuels) into a single indicator with primary energy factors. Net zero energy requirement has exact performance level of 0 kWh/(m²/a) primary energy. net zero energy building (nZEB) energy use of 0 kWh/(m² a) primary energy; nearly net zero energy building (nnZEB) national cost optimal energy use of > 0 kWh/(m² a) primary energy
4. BOUNDARY FOR NET DELIVERED ENERGY

For any low energy or zero energy building definition or indicator, it would be necessary to specify which energy flows are included in the definition and which ones not. Either all energy used in the buildings may be taken into account, or some energy flows. Such energy flow specification is called as system boundary and it provides a general framework for energy indicators. 
This energy performance definition helps to understand the EPBD recast definition for nearly zero-energy building (nZEB):

“Nearly zero-energy building’ means a building that has a very high energy performance, as determined in accordance with Annex I. The nearly zero or very low amount of energy required should be covered to a very significant extent by energy from renewable sources”.
EPBD recast, Annex I states common general framework for the calculation of energy performance of buildings. In this framework, it is said that:
“The energy performance of a building shall be expressed in a transparent manner and shall include an energy performance indicator and a numeric indicator of primary energy use, based on primary energy factors per energy carrier, which may be based on national or regional annual weighted averages or a specific value for on- site production”.

This definition means that energy performance indicator may be based on primary energy. But it is let open to use some other indicator for energy performance together

with primary energy, meaning that energy performance requirements may also be based on this other indicator. 


Proposed energy boundary is modified from EN 15603:2008 and as stated in EPBD recast, renewable energy produced on site is not considered as part of delivered energy, i.e. the positive influence of it is taken into account, (Fig.1). Energy need represents energy need in a building for heating, cooling, ventilation, domestic hot water, lighting and appliances (if appliances are included in the system boundary as proposed). Net energy need is the energy need minus heat gains, i.e. thermal energy without any system losses needed to maintain indoor climate conditions

Delivered energy to the building is grid electricity, district heat and cooling, renewable and non-renewable fuels. Renewable fuels are not included in this term, because they are treated as delivered energy to the building, i.e. off-site renewables. On site renewable energy production systems may supply other technical building systems, thus reducing the need for the delivered energy to building, or may be directly exported to energy networks. This is taken into account in the net delivered energy balance. Net delivered energy is delivered minus exported energy, both expressed per energy carrier. Primary energy use is calculated from net delivered energy, per energy carrier, as product of primary energy factor and net delivered energy of that energy carrier.
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 Fig.1 Energy boundary of net delivered energy and how it forms from energy need, energy use of technical building systems, on site renewable energy production, delivered energy and exported energy. The box of “Energy need” refers to rooms in a building and both system boundary lines may be interpreted as the building site boundary.
5. OVERVIEW OF THE CURRENT STATUS FOR nZEB IMPLEMENTATION IN EU 

According the regular survey of the implementation of the EPBRD requirements in the EU MSs, at the beginning of 2012 only  Denmark had an officially commitment for an nZEB definition plan.  The rest of the EU MSs reported ongoing preparatory studies or the intentions to start working on the nZEB over 2012 or late[4]. 

Until autumn 2012 only 9 MSs sent feedback on the EU Commission request for the status for the nZEB implementation and out of these only 5 MSs declared anZEB definition and plan.

The Commision has recived 12 national plans so far but most of these plans are not complete, meaning they are missing either: Practical definition, intermidiate targets by 2015 or measures to promote nZEBs.
6. DIVERSITY OF NZEB DEFINITIONS IN EU COUNTRIES


Regarding the nZEB definitions Denmark is among the first countries in the EU which has set-up the definitions and roadmap to 2020. Starting from the actual standard BR10 the minimum energy performance requirements will become stricter, with an interim milestone in 2015 and a final target 2020. 
The EBPD requirements gives emphasis on the energy need for: heating, ventilation, cooling, domestic hot water and for the auxiliary equipment.  


Also by 2020 the primary energy factors for electricity and district heating have to be improved and renewable energy supply from nearby and on site will have to grow.


Belgium amended in 2011 the Energy Performance of Building Ordinance stipulating that from January 2015 onwards, all new public and residential buildings have to fulfil a primary energy need at level of Passive House standard.[5]

United Kingdom sets its focus on achieving carbon neutral buildings rather than nearly zero energy buildings.  In England all new homes starting from 2016 and all non-domestic buildings starting from 2019 will be built to zero carbon standards.  

In France are recommended adoption of more ambitious requirements for all new buildings i.e. by 2020 is required that all new building have to be energy positive i.e. to produce more renewable energy than the buildings need.


In Germany According the EnEV 2009 standard the new buildings in 2020 will have energy performance by 50% better than the buildings performance nowadays.
7. CHALLENGES DURING PROCESS OF IMPLEMENTING THE NEARLY ZERO ENERGY BUILDINGS

Several studies has been made, which highlights the complexity of implementing the nZEB and also there are comments regarding  the implications of the generic definition included in the recast EPBD.[6] Here will be highlighted the basic challenges that will arise during the design phase of the nZEB.


First parameter that has initial influence on the design procedure is the location. The climatic conditions, location,  the features that surround the site and the intended use of building are the defining criteria for how to place the building.

Defining the materials for the building structure is also one of the core decisions which is the influence from the defined energy performance given with the local regulations, available materials  and expected life time of the materials. 


At the end  comes the decision about the  equipment and controls which are highly affected by the previously described challenges. Equipment implies for the heating, cooling, ventilation and lightning systems  and their control systems and strategies.  Unless the equipment and controls Is not easy to calibrate and operate there will be misusing by the occupants which can cause potentially big consequences in terms of wasted energy in future.

Design teams should be directed toward fully integrated and holistic design processes Buildings need to be understood as a system and not as a product, systems that have several interactions between their various parts and that therefore need to have good, balanced interactions between those parts. The research shuld be toward new approaches, methods and processes that are appropriate for nZEB’s and the need to innovate over time.
8. CONCLUSION

Transforming the way that buildings have been traditionaly designed, combined with a much greater attention to quality during construction, are the keys to sucess in the roll-out of nZEB's and that it is constitued as early as possible in the process. Still nearly zero energy buildings mainly seem to be an expert topic which hasn't reached the public. Long-term strategies for communication, information and awareness raising are needed rather than one-off action in order to change the attitude towards and create demand for nearly zero energy buildings.

In order to ensure high quality design of nZEB and proper implementation a major long-term training effort is needed for architects, engineers and crafstmen. Today only a neglible minority knows how to design and implement nearly zero energy building as acceptable cost. There is no scientific evidence at the moment whether NZEBs can be constructed in different regions; how they perform in different climate zones and what technologies are needed to achieve. Several EU MSs have already prepared nZEB definitions and plans by 2020, others announced intentions or have preparatory studies finalized or in different stages elaboration, other MSs only just started to evaluate implications and potential of moving towards nZEB.
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