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Abstract:  

In this paper we analyse the general conditions for the building energy regulation and 

certification schemes to be effective in controlling and limiting the energy consumption in the 

building sector. Embodied energy calculations and live cycle analysis are pointed out as key 

elements in building energy assessment, although are still consistently left out of regulation and 

certification proposals. The relevance of appropriate indicators for building energy regulation 

and certification schemes is discussed, presenting the main conditions they should fulfil. As a 

practical example illustrating the general considerations, we present an analysis of the building 

energy legislation at EU level, pointing out some limitations that seriously compromise its 

capability to be finally translated in effective national legislation, able to significantly reduce the 

energy consumption in the building sector. This is further illustrated with the Spanish case, 

where the recent proposals for regulatory and certification schemes present serious limitations 

because of not taking into account some basic considerations. A rational approach for 

establishing the allowed limits in building energy consumption, the ones that should form the 

basis of regulatory mechanisms, is outlined. 
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1. Introduction 

The starting point situation is clear and the pursued objectives also: In order to have an 

acceptable probability of not overshooting a 2 K global warming, and keep therefore the effects 

of climate change within acceptable limits, the atmosphere CO2-equivalent concentrations 

should be stabilized around 400 ppm [1]. With nowadays concentrations above 380 ppm, this 

environmental constraint leads to the requirement to reduce to almost zero the fossil fuel CO2 

emissions by 2050 [2]. The technological, economical, social and political challenge to reach 

this objective is already enormous. We have delayed too long to assume the responsibility for 

the required change, leading us to a situation where there are serious doubts that even 

implementing urgent measures we will be able to stabilize atmospheric CO2 concentrations 

below 550 – 750 ppm. Any further delay will leave as legacy for the next generation a situation 

exponentially more difficult to overcome. 

Recently (January 2005), under the umbrella of the 2003/87/CE Directive the EU has 

established a scheme for greenhouse gas trading within the Community. The emission trading 

scheme (ETS) covers about a third of total greenhouse gas emissions, and each Member State 

prepared a national allocation plan (NAP), where they decided how many allowances to allocate 

in total for the period 2005-2007 and how many each plant covered by the ETS will receive. 

The ETS covers more than 12000 installations (combustion, mineral oil refining, coke ovens, 

iron and steel plants, cement, glass, lime, brick, ceramics, pulp and paper) in the UE-25. 

However, the dominant sectors for the energy consumption and greenhouse gas emissions 

within the EU, building and transport, are not covered by the ETS. Urgent and effective 

measures for these two sectors are needed if we want to keep any chance to overcome the 

climate change environmental challenge. The building sector, because of both its energy 

demand and the long useful life of buildings (in the order of twice the time limit we have to 

reduce to almost zero the CO2 emissions), is the most critical amongst these two disperse 

sectors. 
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“The residential and tertiary sector, the major part of which are buildings, accounts for more 

than 40 % of the final energy consumption in the (European) Community and is expanding, a 

trend which is bound to increase its energy consumption and hence its carbon dioxide 

emissions”. 

Statements of this kind are found in the EU Directive 93/76/CEE [3], the EU Directive 

2002/91/CE [4] and the EU Green Paper [5], and give a clear view of the need and priority that 

the EU has for reducing the energy consumption in the building sector, both for advancing in 

the compliance of international agreements (Kyoto protocol and forthcoming compromises), as 

well as for reducing its energy dependency, and hence for leading its development path towards 

sustainability. 

In other developed countries the situation is similar. In less developed countries and in countries 

where the building energy requirements to reach comfort conditions in the cooling season are 

significant, the building operational energy requirements have still not been completely 

internalized, but as they do, they will develop towards similar levels as in developed countries. 

Building operational energy requirements for cooling purposes do have the additional burden 

associated to their high spatial and temporal concentration. In countries like Spain, this is 

already producing technical problems in the electricity transport and distribution network, as 

well as increases in the market electricity price, in spite of their still small internalization of this 

energy item. 

Therefore, there is a need to introduce specific instruments and measures to harness the impact 

of this very important energy sector. However, the building sector presents several peculiarities 

that render it more complicated than others, introducing important requirements on the proposed 

instruments and measures in order to become effective. Indeed, to start with, a building, and 

specially those aimed to reduce their energy consumption through a more passive interaction 

with the surrounding environment, is an energy system far more complicated than other 

engineering energy systems. Besides, the building sector is very disperse, and has a very poor 
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tradition in energy analysis. Often, it is rather complicated to integrate a team of architects and 

engineers working together on the multidisciplinary aspects of building design. 

Taking all of this in account, it is not strange that some of the proposed instruments to harness 

the building sector energy demand present important shortcomings that compromise their 

capability to reach the required objectives. Often, these shortcomings could be avoided with an 

object based planning, a more precise specification, and by paying more attention to the 

peculiarities of the sector and to past experiences. Since nowadays these instruments are being 

developed or in procedures to be approved in several countries, and because of the long life time 

of buildings, it is convenient to have a more in deep analysis that could help laying down the 

appropriate structures to control energy consumption in the building sector. This analysis is also 

relevant for other countries that in the near future will have to introduce mechanisms to control 

the energy consumption of their buildings, as well as for countries that already have 

implemented them but can benefit from a critical view to improve them. 

In this paper we present such an analysis laying down some important concepts to help 

structuring energy control mechanisms for the building sector in a more rational and object 

oriented way. We begin by discussing general requirements for those instruments aimed to limit 

and control the energy consumption of the building sector. Thereafter, as a recent practical 

example, we will examine under this perspective the initiatives undertaken at the EU level along 

the last years, pointing out some of its shortcomings, and the implications they may have for the 

effective implementation of the pretended energy control mechanisms into the State Members. 

As a specific case, we will analyse the recent proposals for building energy regulation and 

certification in Spain, developed under the umbrella of the EU Directives, and that will in short 

be approved. The regulation and certification proposals for Spain are a clear example of 

instruments with a very limited or null capability to effectively control the energy consumption 

in the building sector, because they don’t include some basic considerations about the 

requirements of these schemes in order to be effective. We also discuss with some practical 

examples the relevance of live cycle analysis for energy control schemes aimed at the building 

sector, pointing out the need and viability to incorporate it in those schemes. Finally we propose 
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a rational and object oriented approach to establish the limits of allowed building energy 

consumption in the regulation and certification schemes. 

 

2. Instruments for building energy assessment 

 

Building energy assessment, extended to its design, construction, and useful life, allows for a 

proper quantification of the building’s energy implications, and hence provides the basis for 

appropriate planning in the sector. Given the high relative weight of the sector in the country’s 

energy balance, the very limited penetration of energy assessment tools in it and its high inertia 

to incorporate changes, there is a clear need to develop normative and mechanisms that structure 

the application of energy assessment in the building sector. However, it is of paramount 

importance to establish clear objectives for the different actions to undertake, and to structure 

those actions so that they effectively facilitate, instead of hinder, the internalization of energy 

assessment in the building sector. 

The two main mechanisms to articulate the participation of energy assessment in the building 

sector are energy regulation and energy certification. 

 

2.1. Energy regulation 

 

Energy regulation has a perceptive character, and its objective should be to establish and limit 

the upper bound for the buildings energy consumption. With its normative character, energy 

regulation establishes the minimum, and often the only, building energy assessment tools that 

will be introduced in the sector, and has therefore a high responsibility in the internalization of 

energy assessment. 

The success of building energy regulation in effectively controlling the energy consumption in 

the sector will be to a great extent associated to the adopted energy performance indicator and to 

the promoted energy assessment tools. Nowadays, building energy regulation in the different 

countries is very inhomogeneous regarding these two elements, as well as regarding the 
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pretended upper bound for building energy requirements, even in the frame of the EU as shown 

in [6]. 

In the absence of any other mechanism, energy regulation lays down the basis for the energy 

consumption in the building sector, and hence, should allow for a clear quantification of its 

implications both at national and at consumer level.  

 

 2.2. Energy certification 

 

Energy certification is mainly a market mechanism whose main objective is to promote higher 

energy performance standards than the regulated ones. To reach this objective, energy 

certification must provide a clear and detailed information about the building’s energy 

performance (energy labelling), allowing for the straight comparison between different 

buildings. As well as with energy regulation, the indicators implemented in the energy 

certification will condition its capability to reach the pretended objective. The indicator 

implemented in the energy regulation should be included among the indicators provided by the 

energy certification in order to clearly situate the certification on the reference regulated level of 

energy performance. 

The energy assessment methods upon which energy certification is based, as well as their 

transparency, are key elements for its success as shown by the Danish experience [7]. 

A well implemented energy certification scheme must allow for, and promote, a clear 

quantification of design concepts with potential for building energy consumption reduction, 

such as bioclimatic architecture, passive solar heating, passive cooling, passive ventilation, 

integration of renewable energies, …, always guaranteeing some given comfort levels. This is 

the only way to stimulate the market introduction of all these recommended design strategies 

from an energy point of view, but with a quality guaranty that avoids their discredit. 

Energy certification may have a compulsory or voluntary character. Compulsory energy 

certification schemes may introduce some additional burdens on the administration, while 

voluntary ones do not. However, only through a compulsory energy certification scheme, can 
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this mechanism develop all its potential for energy improvement in the building sector. 

Voluntary energy certification schemes have a limited scope and not always succeed to send the 

appropriate signals to the building market. 

A good energy certification scheme, with a compulsory character and a demand for short period 

actualization, allows quantifying the actual energy state of the building sector, and monitoring 

its evolution in time, as well as promoting and evaluating the energy efficiency measures 

introduced in it. A proper energy certification scheme gives an added value to the building and 

allows the assignment of economic incentives to drive the building sector towards sustainability.  

 

2.3. Building energy analysis 

 

A building is a very complex energy system, especially when allowing a high degree of 

interaction with its surrounding environment (bioclimatic architecture, solar passive design) 

with the aim of improving its energy performances. Therefore, given the high relevance of the 

building sector in the energy consumption, the introduction of rigorous energy analysis tools, 

capable to appropriately assessing the operational energy implications of different design 

options, should be promoted. Because of the lack of tradition in energy analysis within this 

sector, the role of the normative (compulsory regulation and certification schemes) is of 

paramount relevance to reach an effective introduction of energy analysis tools in the building 

sector. 

The appropriate assessment of building operational energy requirements, and especially of those 

designs with a higher energy saving potential, requires the use of a complete and detailed 

dynamic energy simulation tool. This tool should include a detailed thermal modelling, the 

possibility to evaluate many different HVAC systems, and the capability to properly assess the 

effect of the different couplings found in building energy analysis: Building with its HVAC 

system, thermal and air flow processes, inertial ground coupling, … 

The appropriate use of such an energy tool requires a considerable degree of qualification and 

training, and therefore requires the incorporation of additional resources, both for the building 
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design team as well as for the Administration that should control the regulation and certification 

schemes. It is obvious that these additional resources will not be incorporated, and therefore 

energy analysis will not be internalized by the building sector, unless the appropriate signals are 

sent from the Administration.  

Building energy impact can go far beyond its operational energy consumption, partially 

affecting other factors like transport energy demand for working displacements. This is 

recognized in some building energy certification schemes as the LEED (leadership in energy 

and environmental design) certificate, promoted by the US Green Building Council. However, 

care should be taken to avoid that such certification schemes permit a relaxation in the building 

operational energy assessment by allowing a partial compensation with other ‘more easy to 

reach’ certification points. The goal to achieve a real internalization of energy analysis in the 

building sector should be integrated in the energy regulation and certification schemes, since the 

building energy operational demand will always constitute an intrinsic contribution in all 

buildings, while other energy contributions may be more dependent on higher structures like 

urbanization, social organization, and technology development, which may change with time 

and that are often not accessible by a single building design (they belong more to the 

urbanization certification sphere than to that of the individual building). 

 

3. The relevance of live cycle analysis 

 

The objective of building energy assessment should be to valuate the overall energy impact of 

the building. This requires a life cycle analysis (LCA) approach in order to properly assess all 

the building energy implications. A common shortcoming of virtually all the building energy 

regulation schemes and most of the building certification schemes is that they limit their energy 

assessment to the building operational energy requirements, leaving aside the embodied energy 

(EE) accumulated in the materials and equipments implemented in the building through their 

manufacturing, transport, implementation and end of the life recovery processes.  This partial 

view on the life cycle energy impact of buildings may be misleading, and may send wrong 
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signals to the building market leading it away from the sustainability path. This becomes more 

critical as building operational energy efficiency is increased, since under these circumstances 

the building EE adopts a higher relative weight in the life cycle energy consumption. Hence, if 

EE considerations are not included in building energy regulation or certification schemes, it is 

possible that buildings with low life cycle energy consumption are discarded because of not 

fulfilling the regulative (operational) energy consumption levels, or that they reach a lower 

certification than other buildings with higher life cycle energy consumption. Under these 

circumstances, building energy regulation and certification schemes are not able to reach their 

main objective, and become limited or even market distorting mechanisms.  

We may nowadays already find several examples of buildings that are denominated ‘very high 

efficiency’ or even ‘zero consumption’, because of having achieved a very high reduction in 

their operational energy requirements. In Germany and the United States there are even energy 

certification schemes (‘Plus Energie Haus’ in Germany and ‘Zero Energy Haus’ in USA) based 

on the concept of the net production of operational energy (negative operational energy 

consumption). However, in order to reach these low (or even negative) operational energy 

demand levels, these buildings often must incorporate a big amount of materials like aluminium, 

stainless steel or glass, and additional HVAC equipment, significantly increasing their EE, in 

such a way that the life cycle energy impact of these buildings is not as favourable as their 

certification pretends. In fact, on a live cycle basis, these buildings could have a worse energy 

impact than other buildings that are not distinguished with this kind of certification, which 

constitutes a negative situation because of devaluating the concept of building energy 

certification and sending wrong signals that could mislead the sector from the sustainability 

path. 

In Fig.1 we show the evolution of the accumulated energy consumption (LCA) for two 150 m2 

dwellings, an ‘average’ one and another with pretensions of energy efficiency on basis of its 

reduced operating energy demand. The ‘average’ building implements materials with relatively 

low embodied energy and a limited amount of HVAC equipment. The ‘efficient’ building 

implements relatively high embodied energy materials and is more intensive in HVAC 
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equipment. The primary energy demand of the ‘average’ dwelling is 70 kW.hm-2y-1 for heating 

and 50 kW.hm-2y-1 for cooling. The energy ‘efficient’ building achieves a 30 % reduction in 

heating energy demand. DHW and electricity consumption is the same for both buildings, 

amounting the first one to 9.72 kW.h/day and the second one to 22.5 kW.h/day in terms of 

primary energy. The LCA shows how, even with a long analysis period (100 years), the energy 

‘efficient’ building may consume more energy than the ‘average’ one if care is not taken about 

its EE. The higher EE of the ‘efficient’ building does not need to be related only to its increase 

in operational energy efficiency, but can come from different design concepts and material’s 

choices (for example aluminium instead of wooden  window frames or different levels of 

automation in building operation). But when these aspects escape from the energy regulation or 

certification schemes, they may lead to the meaningless situation of discarding the building with 

lower life cycle energy consumption because of not compiling with the regulatory operational 

energy requirements, or assigning a lower energy certification to it, which distorts the market 

from the sustainability path and renders the certification scheme useless. 

 

Fig.1 

 

The results presented in Fig.1 assumed a rather low increase in operational energy efficiency, 

but even with higher energy efficiency improvements we may find similar results with lower 

life cycle periods. In Fig.2 we show the results of a LCA for two 150 m2 dwellings, an ‘average’ 

one and another with pretensions of energy efficiency on basis of its reduced operating energy 

demand, for a life time of 30 years. The ‘average’ building implements materials with relatively 

low embodied energy and a limited amount of HVAC equipment. The ‘efficient’ building 

implements relatively high EE materials and is more intensive in HVAC equipment. The 

primary energy demand of the ‘average’ dwelling is 75 kW.hm-2y-1 for heating, and 60 kW.hm-

2y-1 for cooling. The energy ‘efficient’ building achieves an 80 % reduction in heating energy 

demand and 40 % reduction in cooling energy demand. DHW and electricity consumption are 

the same for both buildings, amounting in terms of primary energy the first one to 9.72 
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kW.h/day and the second one to 30 kW.h/day. The transport accounts for displacements from 

the dwelling to the working place with an efficient gasoline vehicle (5.7 liters/100 km) 

amounting to 140 km/day during 220 days/year. The LCA shows how, even with a very 

significant reduction in operating energy consumption, the energy ‘efficient’ building may 

consume more energy than the ‘average’ one in relatively short life times if no care is taken 

about its embodied energy.  

The effect of transportation energy requirement becomes also evident in this case, being the 

highest energy contribution for the ‘average’ building, and the second one, after the embodied 

energy, for the energy ‘efficient’ building. Energy transportation results are presented to show 

that they may have a very significant contribution to LCA. The situation presented in Fig.2 

corresponds to a rather common case in big cities where many people go living outside the city 

looking for higher live quality. From a building energy point of view, these distributed 

urbanization schemes offer more chances for energy efficiency measures and application of 

renewable energy technologies than centralized urbanization schemes. But from a LCA point of 

view both options have to be compared including transportation energy requirements. It is just 

through transportation energy requirements that sustainable building considerations interact 

with the higher structure sustainable urbanization approach. However, transportation energy is 

not an intrinsic energy contribution to the building LCA like the other indicated energy 

concepts. Indeed, a change in working position, a structural modification in the urbanization 

planning, a technology development allowing to carry out the working activity from a computer 

at home, or a restructuring of the social organization with more job opportunities outside the 

urban areas, may introduce a drastic reduction into this energy concept. Therefore, although 

building energy certification schemes may have a look and valuate these energy concepts, they 

should not allow compensating with the intrinsic building energy contributions (embodied and 

operational energy). 

 

 

Fig.2 
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In fact it is astonishing that EE considerations are still not incorporated in any energy regulation 

scheme. Moreover, it is surprising the high degree of difficulty still perceived by many people 

behind the LCA concept. In fact, implementing EE calculations, and therefore LCA when joined 

with operational energy demand (the subject of all present regulations), is by far more easy and 

straightforward than implementing a good building energy simulation tool in the building sector 

for more accurately predicting building operational energy demand. Indeed, the only thing 

needed to implement LCA once operational energy demand is already known is a good and 

official table of EE coefficients on a national or regional level. This table has to be developed 

and updated by a group of specialists at national level, but once available it perfectly fits into the 

normal practice in the building sector, where the measurements on which the EE coefficients 

have to be applied are already available for budged purposes. Tools already exist, and anyway 

would be very easy to develop, to incorporate the EE calculations into the normal building 

technician practice. Experience in compilation of EE coefficient tables also exists since rather 

long in several countries. Some examples may be found in [8] and [9]. 

 

4. The need for appropriate indicators 

 

One of the key points for the success of building energy regulation and certification schemes, in 

terms of the fulfilment of their objectives, is the main indicator they implement. The indicator 

these schemes are developed around should be chosen taking into account the targeted 

objectives. However, it is very common to find regulation or certification schemes based on 

indicators that do not take into account these considerations and that therefore have a limited 

effective scope. 

Based on the objectives for the regulation and certification schemes pointed out in point 2, the 

following considerations regarding the appropriate indicator may be stated: 
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• It has to be a quantitative indicator of the amount of energy required by the building and 

therefore be expressed in terms of kW.hm-2y-1 and kW.hy-1. Many energy regulation 

schemes are still based on indirect indicators as steady state heat transfer coefficients, 

which, as we will show later, may be rather useless for the pretended objectives. 

• It should be expressed in terms of primary energy demand, and therefore include the 

efficiency of HVAC equipment and other energy transformation processes (for example 

electricity generation). Since the coupling between the building and its HVAC equipment 

has significant effects on the HVAC efficiency, this requirement imposes important 

restrictions on the energy assessment tool to be used. 

• It should be based on life cycle energy analysis, and therefore incorporate all building 

operational energy concepts (heating, cooling, ventilating, DHW and lighting) and the 

embodied energy. 

• It should introduce limitations on the overall active energy supply (renewable and non 

renewable altogether). In some recent building certification schemes this distinction is not 

made, and therefore may lead to the inefficient use of renewable energy resources which 

compromises sustainability. For example, a ‘zero non renewable energy house’ could 

implement a building with a very high energy demand which however it is only satisfied 

with renewable energy sources (biomass, solar thermal, photovoltaic, wind, …). However, 

both natural and economic renewable energy resources are limited, and therefore such a 

building, awarded with a high energy certification, could indeed be producing a negative 

overall impact by preventing the use of these renewable energy resources to satisfy the 

overall society energy needs. 

• It should introduce requirements to satisfy an important percentage of the overall energy 

demand with renewable energy. 
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5. The EU Directives and their limitations 

 

As a practical example, we will now proceed to examine the building energy legislation at EU 

level in the light of the above stated general considerations, pointing out some of its 

shortcomings. 

Already in 1993, the Directive 93/76/CEE [3] clearly pointed to the building sector for its high 

relevance in the energy consumption and CO2 emissions within the EU, urging to adopt 

measures to increase the energy efficiency in this sector. Building energy certification schemes 

where already proposed as a tool with high potential for leading the building sector towards 

efficiency levels above the regulated ones, recommending the Member States its 

implementations before 1995. However, the lack of concretion in this Directive, together with 

the high inertia of the building sector in some countries, has brought about a very unequal 

implementation of these requirements in the Member States. Nowadays, energy performance 

demands in the building sector within the EU go from the situation in countries like Denmark 

and Germany, with rather demanding energy regulations and already established energy 

certification schemes, to the situation in countries like France and Spain with low regulative 

demands and without certification processes established at national level. 

The Directive 2002/91/CE [4], specific about the energy performance of buildings, pretends to 

represent an effective advancement and concretion of the action lines indicated in the Directive 

93/76/CEE for the building sector, with the aim to achieve the great unrealized potential for 

energy savings and reducing the large differences between Member States. This Directive 

establishes a general framework in which the building energy assessment should be 

implemented, urging the Member States to establish minimum energy performance 

requirements (regulation schemes), and energy certification schemes that allow driving the 

building sector to higher energy performance levels than the regulated ones.  
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In broad outline, the Directive 2002/91/CE gives an appropriate frame to drive the building 

sector towards sustainability, but once again presents a lack of concretion that may seriously 

condition its capability to reach the pretended objectives. Therefore, in spite of its appropriate 

philosophy, the Directive presents several shortcomings that may limit its effective transposition 

to the Member States. In fact, the transposition date for the certification schemes (January 2006 

with a grace period until January 2009) is too long taking into account the long building’s useful 

life, the high relative weight of the building sector on the EU energy demand, the high energy 

dependency of the UE, the need to compile with international agreements like the Kyoto 

protocol (2010), and the fact that this problem was already officially identified in 1993 

(Directive 93/76/CEE) and should have been solved in 1995. In Spain a certification scheme for 

new buildings will be approved within 2005, but there is still even no proposal for existing 

buildings, neither any specific initiative to generate the body of technicians that can carry out 

the certification procedure, therefore it is doubtful that it may become fully operative before 

2009. But even if effective transposition would come in 2006, this would be indeed very late 

taking into account the high growth rates experienced in by the Spanish building sector 

(currently above 100 km2/year). Since 1995 when this problem should have been fixed, the 

building surface in Spain has grown some 800 km2, which altogether with the low demanding 

energy regulation actually operative, means an increase in annual primary energy demand from 

the building sector of about 140 TW.h/year (almost 60 % of annual national electricity energy 

demand). 

The main points where the Directive 2002/91/CE presents limitations which condition the 

effective transposition of its philosophy to the Member States are as follows:  

 

• Lack of clear definition of the main indicator to assess the building energy performance. 

From the context of the Directive 2002/91/CE it becomes evident that this indicator must be 

the quantitative assessment of the building’s energy performance (kW.hm-2y-1). This is the 

indicator already implemented in the EU countries with a higher demand on the buildings 

energy performances or with more advanced implementation of building certification 
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schemes (like Denmark and Germany). It is also the indicator adopted by recent building 

regulation schemes developed under the umbrella of the Directive 2002/91/CE like in 

Portugal [10]. However, the lack of determination in the Directive 2002/91/CE, together 

with the non appropriate translations of the English term ‘building energy performance’ to 

some of the Member States national languages, as in the case of Spain where it has been 

translated as ‘building energy efficiency’ with connotations of a dimensionless indicator, 

leaves the door open to the adoption of other indirect indicators that may result completely 

inappropriate for the objectives of a regulation or certification scheme, and even against the 

philosophy of the Directive 2002/91/CE. 

• Unclear requirements for the calculation method used to perform the assessment of the 

building‘s energy performance. The Directive 2002/91/CE states several requirements for 

the calculation method. However, unfortunately it does not go far enough, leaving the door 

opened to the possibility that the method adopted by a Member States is unable to properly 

assess specific building energy performance aspects indicated as priority by the very 

Directive 2002/91/CE (like passive cooling schemes in southern State Members), or even to 

the fact that the calculation method adopted is not able to properly assess the building 

energy performance according to the Directive 2002/91/CE. 

• Indeterminate minimum requirements for the energy regulation schemes. Therefore, no 

effective legal instrument is supplied to reduce the large differences between Member 

States, as pretended by the very Directive 2002/91/CE.  

• Excessive validity period for the certification scheme (10 years), which conditions its utility 

for controlling the real building energy performance, monitoring the effect of the energy 

efficiency measures introduced, and propitiate the adoption of new energy efficiency 

measures on the basis of its technical-economical assessment.  

• Indeterminate requirements for the implementation of renewable energies in the building 

sector. 

• Indeterminate requirements for the scope of the regulation and certification schemes, which 

will therefore probably be reduced to the project phase of the building (new buildings). 
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• It does not incorporate the LCA for the building’s energy assessment, and hence excludes 

the building’s EE from it, limiting the scope from the energy assessment to the operational 

energy requirements. 

• It does not specify requirements on the attained thermal comfort and interior air quality 

levels. 

 

6. The case of the Spanish regulation proposal 

 

With the aim to illustrate how wrong can go a building energy regulation scheme if it is not 

properly object oriented, and if the above mentioned considerations are not taken into account, 

we are going to present the results of an analysis about the recent Spanish proposal to modify 

the building energy regulation under the umbrella of the Directive 2002/91/CE. The results from 

this analysis may be useful to many other countries in the process to modify their building 

energy regulation schemes or for those that will accomplish this task in the future, because the 

Spanish approach may look rather straight forward and therefore has a high widespread 

potential. 

The past and present building energy regulation in Spain is the NBE CT79 from 1979, which 

establishes the maximum allowable values of an approximation to the stationary overall heat 

transfer coefficient (KG) from the building to its surroundings in the heating season. The limit 

values of the KG coefficient present discriminations with the building compactness (C) and 

winter climatic severity (WCS) in the appropriate direction (dKG/dC > 0 and dKG/dWCS < 0), 

but these are insufficient to guaranty an allowable building specific energy consumption 

(kW.hm-2y-1) independent of its compactness and climatic severity. The NBE CT79 does not 

introduce any restriction on the cooling season energy consumption and does not consider the 

building’s primary energy requirements. Only a rather poor approximation of the building’s 

energy operational requirements in the heating season is considered. The NBE CT79 has since 

long being recognized as an insufficient normative to control the energy consumption by the 

building sector in Spain. 
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Recently, under the umbrella of the Directive 2002/91/CE, a new building technical code 

proposal (CTE) has been developed [11], [12]. The CTE imposes a series of disjointed 

limitations on the different aspects of building energy consumption (building envelope energy 

demand, HVAC installations, illumination), without providing effective limitations on the 

aggregate or partial building primary energy consumption [15], [16], [17], [18], [19].  

Regarding the restrictions imposed on the building envelope energy demand, the pretensions of 

the CTE are to bring about a very significant improvement of the former normative (NBE CT 

79), and in fact, important national strategic energy development documents like the ‘Planning 

of the electricity and gas sectors’ [13] and the ‘Strategy for saving and energy efficiency’ [14] 

relay on this assumption to reach their objectives. However, since the CTE implements different 

indicators than the NBE CT 79, this pretension may not be directly verified. In fact, as we will 

show later, the new normative may be significantly less demanding than the old one. 

The CTE implements two different indicators for the energy assessment of buildings, both of 

which are indirect indicators and far away from the absolute quantification of the building 

energy performance in terms of the kW.hm-2y-1 of primary energy consumed. In its simplified 

option, the main indicators are the stationary heat transfer coefficients from the different 

components of the building’s envelope, without properly taking into account solar irradiation 

(for the cooling season additional limitations are introduced on the fenestration’s solar factors).  

In its general option, the implemented indicator is the energy demand of the object building 

envelope in relative value to the building envelope energy demand of a variable reference 

building, being both energy demands evaluated with a dynamic code, called LIDER, that has 

been specifically developed for the CTE, and that presents important limitations in relation to its 

capabilities to properly assess the energy performance of different building design approaches. 

Under this situation, a building compiling with the regulation requirements may have any value 

of its energy performance measured in kW.hm-2y-1, which will be very dependent on its 

compactness. 

The building performance indicators implemented in the CTE are completely inappropriate. 

They allow neither reaching the objectives outlined in point 2 for an effective building energy 
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regulation scheme, nor satisfying the demands of the Directive 2002/91/CE. The indicators of 

both the simplified and general options do not provide any direct quantitative assessment of the 

building energy consumption, and do not incorporate any mechanism with the capability to 

effectively control and limit the energy consumption in the building sector. The indicator of the 

simplified option, the stationary heat transfer coefficient, is obviously absolutely inappropriate 

both for assessing the effect of many building energy issues, as well as for providing 

quantitative information about the building’s energy consumption. The indicator implemented 

in the general option, the energy consumption relative to the variable reference building, has 

strong structural limitations associated to the concept of variable reference building. Indeed, in 

the cases that escape from the application of the simplified option, the generation of the 

reference building may produce an unfair comparison situation, and in any case, the variable 

reference building introduces a very negative discrimination with the building compactness.  

Because of the structural limitations of the general option, and because of the possibility to 

compile with the new legislation with a much easier calculation procedure of the kind 

implemented in the current legislation (NBE CT79), most of the buildings will be assessed with 

the simplified option of the CTE. Therefore, the benefits from most design options aimed to 

reduce the building energy consumption, starting by the very simple solar passive gains in the 

heating season, won’t be assessed by the new regulation, and hence their rational participation 

in the building sector will be very limited. Moreover, building designs with the potential to 

significantly reduce the building energy consumption but that escape from the scope of 

applicability of the simplified option (windows in more than 60 % of the façade, bioclimatic 

elements like trombe walls and conservatories, …) will often be disregarded in advance, in 

order to avoid the higher calculation requirements of the general option and its unfair 

assessment criteria. In this context, the effective contribution of the building energy regulation 

for internalizing the need of an adequate building energy assessment will be null, as well as its 

contribution to developing the potential of the different design strategies aimed at reducing the 

energy consumption in the building’s sector. 
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Even in its more novel aspect, that is the fostering of the use of renewable energies in the 

building sector, the CTE is in fact rather limited. For dwellings, in the best case it only requires 

a limited renewable energy fraction of the DHW demand, which translates to less than 10 % of 

the dwelling operational energy consumption. 

In order to have a straight comparison between the new regulation (CTE) and the old one (NBE 

CT 79), and therefore assessing the real evolution, we have converted the indicator of the 

simplified option of the CTE to that implemented in the old regulation, the overall building heat 

transfer coefficient (KG), for a building typology falling within the scope of the CTE simplified 

option (cubic topology and 49 % fenestration in their 4 faces). In Fig.3 we present the limits on 

the overall heat transfer coefficient (KG) from the building to the environment for the actual 

Spanish regulation (NBE CT79) and the new one (CTE). The comparison is made as a function 

of the building shape factor (f), the inverse of the building compactness (ratio of building 

volume to envelope heat transfer area), for 5 Spanish cities representative of the different winter 

climatic severities. The heating degree-days with a 15 ºC base temperature for the different 

cities shown are: Almería = 208 ºCday/year; Tarragona = 626 ºCday/year; Granada = 1042 

ºCday/year; Madrid = 1405 ºCday/year; Ávila = 2127 ºCday/year. 

As it may be seen, when comparing both energy regulation schemes in terms of the same 

indicator, it becomes evident that only for buildings with a very low shape factor, the new 

regulation is more demanding than the old one. 

 

Fig.3 

 

But to really appreciate the implications of the change in regulation over the building energy 

demand, such an indirect indicator as the overall heat transfer coefficient has to be processed to 

estimate the building energy demand associated with it. To do so, we used the degrees-day 

method. This is a steady state load calculation method coherent with these regulation schemes, 

and although a limited one to assess the real building energy consumption, it is the most 

appropriate to translate the heat transfer coefficients regulation limits into building energy 
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consumption regulation limits. This is an intrinsic limitation of these regulation schemes based 

on steady state heat transfer coefficients: for a given site there is no unique relationship between 

heat transfer coefficients and the building energy consumption. In Fig.4 the relative increase in 

the allowed building envelope transmission demand (the only one really regulated by these 

schemes) when changing from the old regulation (NBE CT 79) to the new one (CTE), has been 

evaluated as a function of the building shape factor and for 5 cities representative of the 

different climatic regions found in Spain. As it may be seen, the change in building energy 

regulation may represent even a 50 % increase in the allowed building envelope energy demand. 

 

Fig.4 

 

Finally, in order to compare with the regulations in other countries, in Fig.5 we present the 

resulting allowed total primary energy consumption derived from the limitations on the building 

components heat transfer coefficient imposed by the new regulation proposal (CTE). The results 

are presented for the same building typology, as a function of the heating season degree-days 

and for 3 shape factors. The total energy consumption presented in this figure includes the 

building envelope energy transmission losses (the only ones directly affected by these 

regulations), plus the renovation losses assuming an ACH = 0.9 h-1 and internal temperature of 

20 ºC, the DHW primary energy demand and the lighting primary energy demand. For 

converting the transmission and renovation losses to primary energy, an 80 % boiler seasonal 

average thermal efficiency has been assumed. For the DHW and lighting primary energy 

demands, as well as for the boiler efficiency, typical values for Spain have been considered. 

These values are of the same order of magnitude as the ones used in [6] for comparing the 

regulations in different EU countries. It should be pointed out that ventilation and cooling 

energy consumptions are not included in the total energy consumption presented in Fig.5. 

Ventilation is not common in the Spanish residential sector, although it is for buildings in the 

tertiary sector. However, the Spanish regulations do not impose limitations on this energy item 

and, therefore it has not been included in the results presented in Fig.5. The cooling energy 
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demand is not considered in the old Spanish regulation (NBE CT 79), and is very marginally 

considered by the new one (CTE), where only limitations on the fenestration’s solar factor are 

imposed. Therefore, a comparison in terms of the allowed cooling energy demand by these 

regulation schemes is not feasible. Nevertheless, for the Spanish climatology, the cooling 

energy demand, once completely internalized, may represent an additional 50 – 100 kW.hm-2y-1 

primary energy consumption in many sites. Therefore, including the cooling energy 

requirements, we could find that in Spain, the new building energy regulation (CTE) developed 

under the umbrella of the Directive 2002/91/CE, allows primary energy consumptions of up to 

400 kW.hm-2y-1. It should be pointed out that the regulation in Spain does not differentiate in 

terms of the use given to the building (except for fenestration’s solar factor in the CTE), and 

therefore these results are valid both for residential and tertiary sector buildings. This results 

should be compared with the 80 kW.hm-2y-1 regulation limit in Germany for the total primary 

energy consumption, a country with a significantly higher winter climatic severity than Spain, 

or even with the two building energy certification schemes implemented in this country, the 

Pasiv Haus and the Plus Energie Haus, that impose limits on the total primary energy 

consumption of 30 kW.hm-2y-1 and -30 kW.hm-2y-1 (net energy production) respectively. We 

may conclude on the one hand that the Spanish regulation is very permissive, and on the other 

hand that the homogenization objective within the EU of the Directive 2002/91/CE has certainly 

not been achieved. 

 

Fig.5 

 

Finally we should point out that the new regulation proposal for Spain (CTE) introduces a very 

negative discrimination with the building compactness of the allowed energy consumption. 

Indeed, allowing a higher energy consumption for buildings with lower compactness sends a 

wrong signal to the building market because of not discouraging designs with a much higher 

total energy consumption (operational + embodied) than available optimal solutions. This 

negative discrimination is even more important in the new regulation (CTE) than in the old one 
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(NBE CT 79), since at least before there was a positive (although insufficient) discrimination on 

the overall heat transfer coefficient. 

 

7. Limitations of the Spanish certification proposal 

 

The building certification scheme proposed for Spain (CALENER) under the umbrella of the 

Directive 2002/91/CE, presents structural limitations that condition its possibilities to do any 

positive contribution to the improvement of building energy performance. The CALENER 

certification scheme has a non compulsory character and is limited to the buildings project 

phase (no follow up of building implementation and life time, and existing buildings not 

included). The CALENER certification scheme is based on an inappropriate indicator (variable 

reference building), which is assessed with a tool that introduces significant restrictions on the 

building energy analysis. The proposed certification scheme does not provide any quantitative 

information about the building’s energy consumption. It only assesses its relative energy 

consumption to a variable reference building, for which quantitative information is neither 

provided. Under these conditions, it is perfectly possible that from two buildings on the same 

site, the building with the highest energy consumption receives the highest certification. And 

what is even worse: nobody will know about it until the energy bills begin to be paid. Therefore, 

the proposed building energy certification does not provide any useful information about the 

building energy performance, hindering the straight comparison between two buildings, or even 

worse, misleading about this comparison and sending wrong signals to the market. Therefore, 

none of the objectives outlined in point 2 for a useful building certification scheme will be 

achieved, and neither will the expected positive contribution of building energy certification 

outlined in the Directives 93/76/CE and 2002/91/CE. 

The tool promoted in CALENER to assess the building energy performance is based on DOE 

2.2, with an interface developed for this certification that further limits its calculation 

possibilities. Nowadays, there are building simulation tools available without the limitations of 

DOE 2.2 , and although the proposed certification scheme in principle permits the use of other 
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simulation tools, its lack of definition and additional restrictions will in practice limit it to the 

proposed tool. The limitations in the CALENER simulation tool prevent an adequate assessment 

of different building design strategies with potential for improving energy performance (HVAC 

systems, thermal and air flow coupling, natural ventilation, ground coupling, implemented 

models, …), and therefore do not contribute to promoting their use. 

Embodied energy and comfort conditions are not included in the certification proposal. 

 

8. Proposal of rational criteria to establish energy consumption limits 

 

Rational criteria to establish the regulated limit on allowed energy consumption from the 

buildings (kW.hm-2y-1) should be adopted. This criteria should be coherent with the pursued 

objectives (sustainability), the acquired compromises (Kyoto protocol), and the actions 

undertaken in other sectors. For this purpose a national allocation plan (NAP) should be 

prepared involving all the sectors. This NAP should be coherent with the first steps in emissions 

reduction following the Kyoto protocol, and with the final objective to stabilize atmospheric 

greenhouse gas concentrations at safe levels. From this NAP follows the energy consumption 

from non renewable energy sources assigned to the building sector, and dividing it by the 

projected building surface in each period (including new and existing buildings), the average 

limit value of kW.hm-2y-1 for the building sector is derived (an internal allocation plan within 

the building sector may then be applied to particularize this limit among the different building 

types). Within this framework the main role of building energy certification would be to push 

the market ahead from the regulated limits in each time period, facilitating therefore the 

attainment of the final objectives. The short time period (50 years) available to reach a very 

drastic reduction in greenhouse emissions, requires the participation of the certification scheme 

to supplement the increasingly demanding regulation limits in such a way that they can be 

achieved. 

All the data needed for this approach are available at national level, and therefore its 

implementation should be rather straight forward. Any other approach that pretends not to look 
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straight into the eyes of the central issue will lead to a delay in implementing the required 

actions. Regulation limits for the building sector derived independently from the other energy 

sectors, just don’t make sense. On the same way, actions undertaken in other sectors (like the 

greenhouse gas emission allowance trading) without rational and coherent measures imposed on 

the excluded sectors may be useless. 

Because the main objective should be limiting the total energy consumption in the building 

sector (kW.h/year), and projections about the building installed surface are available, the  kW.h 

m-2y-1 indicator seems to be the most ease to implement keeping coherence with the pursued 

objective. However, it would be probably more fair and reasonable to impose the regulation and 

certification restrictions in terms of the kW.h inhabitant-1 year-1 indicator (establishing a 

minimum value for the m2/inhabitant). Indeed: The responsibility to compile with the 

environmental restrictions to our development process should be shared among the people, and 

not among the m2. However, because the kW.h inhabitant-1 year-1 indicator would probably have 

to face socio-political restrictions to its acceptance, and given the already very scarce margin 

that we have to react and push the building sector towards sustainability, the best seems to start 

walking towards environmental sustainability with the kW.h m-2y-1 indicator, and later change 

to the kW.h inhabitant-1 year-1 indicator to evolve towards social sustainability. 

Another relevant aspect is that besides limiting the non renewable energy consumption, the 

energy certification of a building 

 

9. Conclusions 

 

In this paper we have analysed the general conditions for the building energy regulation and 

certification schemes to be effective in controlling and limiting the energy consumption of the 

building sector. 

As a practical example, we have presented an analysis of the building energy legislation at EU 

level, pointing out the limitations that may compromise its capability to be finally translated in 

effective national legislation, able to reduce the energy consumption in the building sector. This 
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has been illustrated with the Spanish case. Indeed the proposal of transposition of this Directive 

in Spain has been articulated through a regulation scheme (CTE) and a certification scheme 

(CALENER) with structural limitations that render them rather useless in effectively controlling 

the energy consumption from the building sector. 

One of the key points in building regulation and certification schemes is the indicator 

implemented to assess the building energy performance. The use of wrong indicators, as in the 

Spanish case, may invalidate the schemes to reach their objectives.  

Building energy tools with capabilities to effectively model the energy implications of different 

design and operational strategies are nowadays available. The internalization of the building 

operation energy analysis should be favoured by the energy regulation and certification schemes 

in order to rationally assess the energy saving options and promote the introduction of the most 

efficient design and operating strategies. In this sense, regulation and certification schemes 

should be coordinated, to avoid situations like the one in the Spanish proposal where the energy 

analyst is forced to learn two different calculation codes, one for regulation proposals and the 

other one for certification, none of which provides any quantitative information about the 

building energy performance, and therefore a third tool should be learned in order to properly 

assess the buildings energy performance. 

Embodied energy considerations and live cycle analysis should be included in energy regulation 

and certification schemes in order to effectively lead the building sector towards sustainability. 

This is by far much easier than the adoption of an adequate building operational energy analysis 

tool for the design phase. Therefore it is surprising that even nowadays embodied energy and 

live cycle analysis are not considered in what should be thought to be the most advanced 

building energy legislation. 

We propose a rational approach to the assignment of the regulated limits on allowed building 

energy consumption, integrated with the overall national energy consumption and coherent with 

the established environmental constraints. For this purpose a national allocation plan of 

greenhouse gas emissions between the different sectors should be carried out, assigning the 

allowed contribution to the building sector, and performing an integral energy assessment on the 
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building to compile with this limitation. This really seems to be the only approach that can give 

us some chances to successfully overcome the environmental constraint to our development 

process in the short time period available. 
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Figure captions: 

 

Fig.1. Evolution of accumulated energy consumption for two 150 m2 dwellings, an average one 

and another with pretensions of energy efficiency on basis of its reduced operating energy 

demand.  

 

Fig.2. Life cycle analysis for two 150 m2 dwellings, an average one and another with 

pretensions of energy efficiency on basis of its reduced operating energy demand, for a life time 

of 30 years.  
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Fig.3. Comparison of the limits on the overall heat transfer coefficient (KG) from the building to 

the environment for the actual Spanish regulation (NBE CT79) and the new one (CTE) 

proposed under the umbrella of the EU Directive 2002/91/CE.  

 

Fig.4. Relative increase in the regulated limit for the heating season transmission losses through 

the building envelope from the actual Spanish regulation (NBE CT79) to the new one (CTE) 

proposed under the umbrella of the EU Directive 2002/91/CE.  

 

Fig.5. Total allowed building primary energy consumption (heating, domestic hot water and 

illumination) with the heating transmission losses permitted by the new Spanish regulation 

(CTE) proposed under the umbrella of the EU Directive 2002/91/CE, assuming a 80 % average 

boiler efficiency.  
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Figure-2 
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Figure-5 


