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1 Executive summary 

In this report, a series of energy generation and energy distribution packages suitable for 
refurbishment operations are selected and configured for individual, multi-family residential 
and office building applications. 

They integrate HVAC technologies, which have been selected according to several 
performance, environmental and economic criteria. In particular: 

 Their Primary Energy Ratio (PER) of non-renewable energy sources, in order to achieve 
the project global objective of “50 kWh primary energy / m².a”. 

 Their cost-competitiveness, considering the investment costs but also the operational 
(maintenance efforts) and fuel costs 

 Their reliability and suitability for refurbishment operations 

 

A SWOT analysis (see section 6) has been performed to weight the pros and the cons of all 
these technologies.  

For the energy generation, compression heat pumps, allowing to generate heating and 
cooling with a PER over 1 (up to 1.8 for in favourable conditions) is one for the most suitable 
technology on the market, able to adapt to most refurbishment configurations and locations.  

In regions where a district heating network is accessible by a large proportion of buildings 
(like in the former soviet block and in some Nordic countries according to Table 2), and if its 
energy mix contains a large part of renewables, a connection to it would be the most cost-
competitive, simple and environmental friendly solution. 

If the place availability during the refurbishment operation is not a limiting criterion, then a 
biomass boiler would provide the best environmental solution (with a PER up to 42). Its 
important investment costs will be paid back in a few years because of the low and stable 
price of the pellets and wood-chips. 

Condensing gas boilers have been also retained in the energy generation packages, 
although their PER is quite low (0.8) in comparison with the previous renewable 
technologies. However, in many refurbishment cases with low investment budget and small 
place availability, they may be the most adapted solution. Their environmental impact may be 
lowered when coupled with solar thermal systems.  

In these three last cases, an additional cooling generation solution is required in southern 
European climates and buildings with sizeable cooling demand (or/and strict summer thermal 
comfort criteria). Then, small split-units would provide the most cost-competitive solution with 
an acceptable PER (0.8 – 1.5).  

To be noted, some modern HVAC technologies have been analysed but not retained in the 
refurbishment packages. This is the case of micro-CHPs (see §6.5), which profitability suffer 
from the dramatic decrease of national incentives and feed-in tariffs. However, this solution 
may be adapted in certain configurations, where the electricity use coverage is high, and the 
grid electricity expensive. This is also the case of bivalent systems (integrated boiler and 
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heat pump system) and sorption heat pumps, which are penetrating the market of residential 
and small office buildings, and may become soon cost-competitive solutions. 

 

To reduce the energy losses and optimize the performance of some energy generation 
components (e.g. heat pumps) it is essential to install energy distribution components 
adapted to these water temperature levels. Radiant ceiling panels offer in particular a perfect 
combination with reversible heat pumps. They may heat and cool energy-efficient buildings 
with inlet water temperature of 30°C in winter and 15°C in summer, while providing a 
comfortable indoor climate (see §6.12). Moreover, its easy mounting makes it adapted to 
refurbishment operation. 

In comparison, fan coils require more “extreme” operating temperatures; however, they also 
act as air-dehumidifiers, which can be useful in Mediterranean climates or any locations with 
humid heat waves. 

Reusing existing radiators is a very cost-competitive solution which is particularly adapted to 
biomass boilers and district heating network connection, since an additional decentralized 
cooling system is required anyway additionally to these energy generation systems. 
However, it is essential to check their intern corrosion, which may slowly decrease the 
performance and increase the pressure losses. 

 

In total, hundreds variants of Energy Generation and Energy Distribution packages suitable 
for refurbishment operations are specified in this report. The next step consists in simulating 
all these variants in different climates and in refurbished buildings with different insulation 
standards, in order to make sure that they achieve the expected environmental and 
economic performances. This work is reported in the deliverable D6.3 of the iNSPiRe project 
“Report on Performance of Studied Systemic Renovation Packages“. 
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2 Introduction 

In the selection process of suitable energy generation and distribution solutions, some 
contextual factors must be taken into account, should they come from the user requirements, 
economics, legislative, socio-demographics or meteorological backgrounds. Some of them 
may disqualify certain solutions (e.g. place requirements, forbidden systems); some other 
may strongly impact the performance (e.g. climate region and domestic hot water use in the 
case of solar systems) or the profitability of the different solutions. 

This section sets the scene, giving an overview of the different factors essential for the 
selection of the Inspire Energy Generation (EG-P) and Energy Distribution (ED-P) 
Refurbishment Packages.  

2.1 Satisfaction of the occupant comfort and requirements 

An acceptable indoor environment quality (IEQ) is a non-negotiable criterion for the selection 
of the Energy Generation (EG-P) and Energy Distribution (ED-P) Refurbishment Packages. 

In most of the cases, energy-efficient refurbishment operations enable to improve in parallel 
the indoor environment quality, acting positively on its different components: 

 thermal comfort, thanks to precisely controlled space heating / cooling distribution 
systems 

 air quality, with the treatment of thermal bridges (which are source of moisture) and the 
introduction of a mechanical ventilation precisely controlled 

 visual comfort, with new blinds and lighting systems integrated in some ED-P (e.g. 
radiant ceiling systems developed in this project 

 and acoustic comfort, with noise-proof windows and the reduction of air leakages (which 
are synonyms of acoustic leakage) 

 

In particular, the Energy Generation (EG-P) and Energy Distribution (ED-P) Refurbishment 
Packages must be designed and managed in order to provide the building occupants with an 
acceptable thermal comfort. 

Although a thermal comfort is a very individual and subjective notion which describes a 
person’s psychophysiological feeling (too hot or too cold), a general comfort zone can be 
defined (and drawn in a psychometric chart like in Figure 1), allowing to minimize the 
percentage of dissatisfied persons in a given building or room. 
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Figure 1 – Psychometric charts including thermal comfort zone. Source: Norbert Lechner (2008). Heating, 
Cooling, Lighting: Sustainable Design Methods for Architects. 

 

Beside environmental factors like room air temperature, radiant temperature, air velocity and 
humidity, the thermal comfort depends also on personal factors including clothing insulation 
and metabolic rate. 

Key recommendations for thermal comfort: 

 Relative humidity should systematically remain between 20% and 80%. Levels over 70% 
can lead to mould growth, which can aggravate asthma and allergies 

 Room air temperatures should remain between 20-24°C in winter and 22-27°C in summer 

 Adaptive comfort opportunities (e.g. opening/closing of windows/blinds, adjustment 
heating/cooling controls) left to the occupants allows to increase the thermal comfort 
acceptability (Baeli 2013). 

 

Several international norms define acceptable threshold levels for the other components of 
Indoor Environment Quality. 

For instance, CIBSE (Guide A) recommends comfort criteria related to thermal comfort 
(operative temperatures in winter and summer periods), air quality (air supply in litres per 
second and person, or building air change rate per hour) and lighting comfort (maintained 
illuminance) depending on the building (residential vs. office buildings) and room usage. 
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Buildings/room type Winter operative 
temperature 
range [°C] 

Summer 
operative 
temperature 
range [°C] 

Suggested air 
supply 

Maintained 
illuminance [lux] 

bathrooms 20-22 23-25 15 
l/sec/person 

150 

bedrooms 17-19 23-25 0.4-1 ach 100 

hall/stairs/landing 19-24 21-25  100 

kitchen 17-19 21-23 60 
l/sec/person 

150-300 

living rooms 22-23 23-25 0.4-1 ach to 
control 
moisture 

50-300 

toilets 19-21 21-23 >5 ach 100 

Figure 2 – Comfort criteria in residential buildings. Source: CIBSE 2006 

 

Buildings/room 
type 

Winter operative 
temperature 
range [°C] 

Summer operative 
temperature range [°C] 

Suggested 
air supply 

Maintained 
illuminance [lux] 

offices 21-23 22-24 10 
l/sec/person 

300-500 

Figure 3 – Comfort criteria in air-conditioned office buildings. Source: CIBSE 2006 

 

For non-air conditioned office buildings, CIBSE recommends an acceptable summer indoor 
design operative temperature of 25°C, and to limit the occurrence of operative temperatures 
above 28ºC to 1% of the annual occupied period (e.g. around 25–30 hours).  

According to the National Working Place Regulations, Austrian office environments are 
typically set to maintain an internal air temperature of 19°C to 25°C and a relative humidity of 
40-70%. For non-residential buildings it is required that operative temperature does not 
exceed 26°C for 5% of the occupation time (Source: VTT). 
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2.2 Market research for technologies suitable for retrofit 

Market research has been carried out to find out the current potential for a range of HVAC 
retrofit technologies in Europe. The key findings of this research have been: 

 Biomass boilers for domestic use already have a large market share (around 30%) in 
Austria, Bulgaria and Sweden and there is scope to increase this market share further 

 Boiler sales in Europe are forecast to be fairly steady at about 5.5million domestic units 
and 140,000 commercial units through to 2015. The countries with the largest markets in 
each case are UK, Germany, France and Italy. 

 District heating is focused mainly in those countries which either were part of the Soviet 
bloc up to the late 1980s, or where there are concentrated populations in colder climates 
such as Finland, Sweden and Denmark. Information from individual countries suggests 
that there is scope for upgrading and improving district heating systems in the old Soviet 
bloc countries, as existing systems are at or beyond their design life. 

 Heat pumps have their highest levels of sale in France, Germany and Sweden, with mid-
sized markets in UK and Austria. In all countries monitored, domestic sales represent the 
majority of units sold. In most countries domestic sales account for more than 90% of 
units, but of course these units are much smaller than commercial products. However, in 
Italy and Spain commercial units represent 30% of all units sold, in UK commercial units 
represent 17%, and in Netherlands commercial units represent 16%. 

 Solar thermal installations are most popular in Germany (1.3 million m2 installed in 2011) 
and the market is almost entirely domestic. Other markets are also dominated by 
domestic installations although not to quite the same extent. Generally the commercial 
market represents about 30% of the total. In terms of technology, flat plate collectors have 
dominated vacuum tubes for many years and this is expected to continue. 

 Photovoltaic installations are most common in Germany where there are 6.5GW installed, 
where PV has been encouraged through government assistance for installers and for 
manufacturers. No other EU country comes close to this figure – Italy has the second 
highest installed capacity of 990MW. When compared against energy demand, PV is still 
a small percentage of the energy mix and this indicates there is potential to install more 
PV in southern European countries. 

 Air conditioning sales are also forecast to be relatively flat through to 2015, with a total 
market size of about 4.2million. This market is heavily skewed towards commercial 
applications and reflects the popularity of individual split systems where a single 
commercial building may use many individual air conditioning units. Residential use of air 
conditioning is very low in terms of units (nowhere greater than 10% except Germany 
where residential accounts for 24%). The residential share of the market is even lower in 
terms of value and nowhere exceeds 5%. This reflects the significant price difference 
between domestic and commercial units. 

 

2.2.1 Biomass boilers 

The use of biomass in boilers was reported in World heating - water heating, domestic & 
commercial boilers, radiators & under-floor heating (27 countries) report, source BSRIA 
Report 55384. The report included data for the following 13 EU countries; Austria, Belgium, 
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Bulgaria, Czech Republic, France, Germany, Italy, Netherlands, Poland, Romania, Spain, 
Sweden and UK. 

Biomass was classified under the following categories: 

 Pellets 

 Wood chips 

 Wood logs 

 Other biomass. 

 

The following figures shows the number of domestic biomass boilers sold in 2011 in 
thousands, detailed by category: 

 

Figure 4 – Domestic biomass boilers sold in 2011 (thousands)  

 

The zero figures for the UK suggest that no actual data has been collected, whereas in fact 
this represents sales of less than 500 units in each year. The total for Belgium also appears 
surprisingly low in comparison with other EU countries. 

From these countries, pellets appear to be the most popular identified source followed by 
wood logs and wood chips, though almost a fifth are classified as “other biomass”. 

The Figure 4 shows huge variations between countries but also apparent “groups” of 
countries. Thus the “mid European” countries, which have the highest sales, Austria, 
Germany and France have particularly high shares using wood logs and pellets. The next 
tranche of countries, all in Eastern Europe; Romania, Poland and the Czech Republic have 
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high numbers of boilers classed as Biomass. Sales of domestic biomass boilers are 
noticeably low in the “far west” of Europe, notable Belgium, Netherlands, Spain and the UK. 

If we consider biomass boilers as a percentage of all domestic boilers sold in a country as 
presented in Figure 5, then Bulgaria, Sweden and Austria stand out – all being countries with 
a high rate of forestation. In contrast, take up appears to be almost uniformly low across the 
less forested countries of western Europe. 

 

Figure 5 – Biomass boilers market share 

 

2.2.2 Boilers 

The commercial and domestic boiler market data has been collected using the BSRIA report 
55384 World heating - water heating, domestic and commercial boilers, radiators & UFH (27 
countries) (Source – BSRIA Report 2011). 

Countries within the EU-27 covered by this report are shown in the figure below. The market 
for Commercial Boilers in terms of volume sales is expected to remain fairly flat, recovering 
slightly after a fall that occurred during the recession. As elsewhere there were substantial 
variations between countries, with sharp declines in Germany and Italy forecast to be 
contrasted with significant rises in the UK and France. 

The market for domestic boilers is predicted to follow a broadly similar trend with a small 
overall net decline:  

As with commercial boilers, there were significant divergences between countries. The UK is 
forecast to become even more decisively the largest market, with broadly stable sales, whilst 
other large markets; Italy, Germany and France are expected to show a marked decline. 
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This suggests scope either to shift more commercial and domestic clients to other forms of 
heating, or at least to promote more renewable energy sources for boilers. 

 

Figure 6 – Commercial boiler sales 

 

 

Figure 7 – Domestic boiler sales 

 

2.2.3 District Heating 

Whilst BSRIA holds data on district heating only for the following EU countries, these figures 
confirm the importance of district heating in northern and eastern Europe, with “mid 
European” countries like Austria and Germany occupying a mead position. 

Given the potential to adopt more environmentally friendly fuels, there could be scope to 
promote district heating, especially in western members of the EU. The following information 
is taken from the book “District Heating and Cooling” – Country by Country Survey 2011, 
Published by Euroheat & Power, April 2011: 
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Table 1 – District heating 

Country 000 dwellings Percentage of households 

Austria 742 20.9% 

France 980 3.1% 

Germany 4,800 13.2% 

Netherlands 289 4.0% 

Poland 4,248 31.8% 

Sweden 1,845 41.0% 

 

Table 2 – Accessibility of District Heating. Source: “District Heating and Cooling” – Country By Country Survey 
2011, Published by Euroheat & Power, April 2011 

Country 
% of Citizens Able to 
Access District Heating 

Country 
% of Citizens Able to 
Access District Heating 

Austria 20 Lithuania 60 

Czech 
Republic 38 

Netherlands 
4 

Denmark 61 Poland 50 

Estonia 53 Romania 21 

Finland 48 Slovakia 41 

France 8 Slovenia 17 

Germany 14 Sweden 42 

Italy 5 UK 1 

Latvia 64   

 

2.2.4 Heat Pumps 

Data and forecasts on heat pumps for: Austria, Belgium, France, Germany, Italy, 
Netherlands, Poland, Spain, Sweden and UK have been reported in BSRIA Report 55385 
World heat pumps (15 core countries) 

Overall heat pump sales in these countries are projected to show strong growth. In particular 
the various types of air source heat pumps are expected to grow much more strongly than 
the ground source so that ground source heat pumps become relatively less important. In 
terms of units sold, the residential market is much larger than the commercial market. 

In 2011 France was the leading market. In all cases, the great majority of heat-pump sales 
were to the residential sector. 
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Figure 8 – Total heat pump sales 2011 

 

In terms of country developments, BSRIA forecasts indicate that Sweden, which originally led 
in this technology, will become less important. France is emerging as a clear leader, followed 
by Germany. Among the other countries, Belgium is expected to grow strongly and could 
even overtake the UK and Sweden to become the 3rd market in the middle of the decade. 

 

2.2.5 Solar Thermal Collectors 

Solar thermal market data for Austria, Belgium, Czech Republic, France, Italy, Netherlands, 
Poland, Spain, Sweden and UK was reported in a BSRIA Report in 2013 (Source: BSRIA 
2013: 55618 World solar thermal 16 core countries) 

As far as Solar Thermal is concerned, Germany will continue to dominate, though with 
fluctuations. Italy follows, perhaps owing to climate, though, interestingly, Poland and Austria 
are projected to be ahead of France and Spain. 

In most cases, the great majority of Solar Thermal Implementations are classed as 
“residential”. The apparent anomaly for Spain may be owing to the fact that multi dwelling 
buildings are classed as “commercial”. 

When examining the trend by country, then Germany dominates, with higher total 
installations than for the other 9 countries combined. This suggests that there may well be 
considerable scope for increased uptake, especially in countries with high levels of sunlight. 
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The overall projected trend for 2006 – 2015 shows a peak in 2008 followed by a sharp fall 
and then a resumption of steady growth towards 2015. Flat plate collectors are expected to 
continue to account for the vast majority. 

 

Figure 9 – Solar thermal m2 in 2011 

 

Figure 10 – Solar thermal m2 in 2011 

 

2.2.6 Photovoltaic Panels 

BSRIA’s 2010 report included an overview of the PV market in the following EU countries: 
Czech Republic, France, Greece, Italy, and Spain. Source – BSRIA Report: 53569 World 
solar PV (China, Czech Rep, France, Germany, Greece, Italy, Japan, Spain, UK, USA) 2010. 

Whilst significant growth has already been observed, growth appears to be strongly 
influenced by economic conditions and by incentives, hence the dramatic growth in Germany 
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followed by a predicted falling off, and the clear “boom” in Spain, followed by the “bust” when 
incentives were withdrawn. 

 

Figure 11 – PV output (in Megawatts) 

Whilst Italy and Spain are forecast to be in second and third place, there does appear to be 
scope for growth here as far as the areas of the EU with the most promising weather are 
concerned. 

In terms of the breakdown between residential and non-residential, and new buildings and 
refurbishment & replacement, this suggests that there may well be considerable scope for 
increased uptake, especially in countries with high levels of sunlight. 

Table 3 – Installed PV (in MW) 

Country Residential Non-residential Total 

New 
buildings 

Refurbishment 
& replacement 

New 
buildings 

Refurbishment 
& replacement 

France 54 107 195 27 382 

Czech Republic 0 21 0 38 59 

Germany 586 2,342 846 2,730 6,506 

Greece (2009) 8 9 26 5 37 

Italy 79 337 109 465 990 

Spain 16  579 31 625 

 

2.2.7 Air Conditioning 

Overall in the 15 EU member states covered by the Air conditioning survey 2013 (BSRIA 
Report 2013), sales of air-conditioning units are predicted to remain fairly stable in terms of 
units, with a slight overall decline:  



 

 

www.inspirefp7.eu  Seite 14 von 80 

 

Figure 12 – Air conditioning unit sales 

 

Some countries, such as Italy and Spain are showing overall decline between 2011 and 
2016, whereas other countries, such as Romania and Greece are showing increases of 35% 
or 40% over the same period. However, as these countries have small markets in absolute 
terms, the effect on the total market is stable.  

In terms of predicted value, the projected trend is very similar. Italy is the largest market in 
2016, with Germany a very close second. Other “big six” countries, with the exception of 
Poland, also provide large air conditioning markets. 

 

 

Figure 13 – Value of air conditioning sales 

In terms of volume, domestic sales account for a significant share of the total, up to 25% in 
the case of Germany. 
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Table 4 – Domestic air-conditioning units: % of total 

 

2011 2012 2013 2014 2015 2016 

Austria 7.8% 7.2% 6.8% 6.5% 6.1% 5.8% 

Belgium 13.0% 10.5% 9.1% 7.5% 6.4% 4.3% 

Bulgaria 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Czech Republic 10.5% 9.9% 8.9% 8.6% 8.2% 7.9% 

France 6.8% 9.0% 9.2% 9.1% 9.0% 8.8% 

Germany 25.3% 24.5% 24.6% 24.7% 24.5% 24.2% 

Greece 0.8% 0.4% 0.4% 0.3% 0.3% 0.3% 

Italy 5.6% 5.2% 4.8% 4.4% 3.9% 3.5% 

Netherlands 11.3% 10.0% 9.3% 9.1% 8.5% 7.7% 

Poland 5.2% 4.2% 4.6% 4.6% 4.6% 4.4% 

Romania 9.2% 7.4% 5.5% 4.1% 3.0% 2.2% 

Slovakia 10.2% 8.8% 7.7% 6.7% 5.9% 5.1% 

Spain 3.3% 3.2% 3.3% 3.2% 2.9% 2.5% 

Sweden 7.1% 6.9% 6.6% 6.4% 6.2% 6.8% 

UK 9.3% 7.3% 6.2% 5.9% 6.0% 5.9% 

2.3 Different legal contexts in Europe 

Some national and European legislation may disqualify an energy system or a HVAC 
installation layout. 

 

2.3.1 Different prohibited/obsolete HVAC systems 

The use of some low-efficient and/or particularly polluting heating systems in new and 
refurbished buildings is more and more prohibited by some national laws. 

Denmark: after having already prohibited the electrical heaters some years ago, gas and oil 
heated are since 2013 banned from the new buildings, and from 2016, all existing oil boilers 
will have to been replaced by other heating systems. 

Germany: the electrical night storage heating systems, commonly used (1.5 Millions in 
Germany) to profit of the base-load electrical period, will be banned in 2019. 

In Europe, such heating systems prohibitions are meanwhile very rare. The national 
legislations prefer imposing some constraining criteria in term of maximal primary energy, 
making the use of a specific heating system in practical impossible. For instance, the new 
RT2012 of France does not ban explicitly the common-used electrical heaters, but with a 
maximal Primary Energy consumption fixed at 50 kWh/m².yr for new buildings and a Primary 
Energy Factor of 2.7 for the electricity, buildings equipped with electrical heaters should 
theoretically have a heating demand inferior to Passive House. 
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In this study, heating systems which are already prohibited or planned to be banned in the 
near future won’t be considered in the energy refurbishment packages. 

 

2.3.2 Different Legionella controlling legislations in Europe 

Legionellosis is a collection of infections caused by Legionella bacteria, potentially leading to 
fatal form of pneumonia (Legionnaires’ disease). Water is the major natural reservoir for 
legionellae, the bacteria are found worldwide in many different natural and artificial aquatic 
environments, such as systems of distribution of domestic hot and cold water (network, 
tanks, boilers, heaters, and wells), refrigeration towers and evaporative condensers, 
respiratory therapy equipment, misting devices, and spa pools. The optimum temperature for 
Legionella multiplication is 30 to 45ºC. The bacteria does not multiply itself under 20ºC (but 
can be in latent state in cold water) and does not live at over 70ºC. 

The European Union issued guidelines on the prevention of Legionella including “Guidelines 
for the Prevention of Travel Associated Legionaires” disease and a factsheet. In addition, 
various EU member states have developed or are in the process of developing regulations 
for the control of Legionella: 

Netherlands: Since 2000, a Temporary Decree for Legionella Prevention in Tap Water 
stated that all public or collective drinking water systems should have had a risk analysis1. If 
there is a risk, a control plan must be implemented. Temperature at tap should be 60ºC at 
least. As soon as Legionella is detected, action must be undertaken to get remove it. 

Denmark: There is no specific legislation; normal regulations for hot water production are 
valid. All measures are recommendations. 50ºC at tap is enough. Proposed reaction limits: 
<1.000 CFU/L no action, >100.000 corrective measures should be taken2. 

 France: Three main requirements of regulations published in March 2005 include:  

 In order to prevent burning risks, the temperature of DHW should never exceed at drawing 
point: 50ºC in bathrooms, 60ºC in other rooms. In kitchens and washrooms of collective 
buildings, and with particular warnings, 90ºC are allowed.  

 Temperature of collective distribution networks must be permanently higher than 50ºC if 
the volume between the DHW heating system and the most distant drain up is greater 
than 3 litres. 

 If the total storage volume is higher than 400 litres, water in the tank/s must be: Either 
always at a temperature higher than 55ºC or heated up once every 24 hours to a given 
temperature, with a given duration: 

 2 minutes if the water temperature is higher than 70ºC 

 4 minutes it he water temperature is higher than 65ºC 

 60 minutes it he water temperature is higher than 60ºC 

 

                                                

1 Legionella i varmt brugsvand. Overvagning, udredning ogforebyggelse af Legionaersygdom. Statens Serum 
Institut (2000). 
2 Warmerdam, J., Caris, R. “Proceedings IEA – Workshop Legionella”, Delft, The Netherlands, October 2001 
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Germany: For several years now the codes of practice W551 (new buildings) and W552 (old 
buildings) are valid. These codes of practice intend to reduce Legionella growth in drinking 
water heating systems and conduits. A distinction is made between small and large systems. 
Small systems are considered to have a very low risk so they need no special attention. 
Small systems are installations in one or two family houses, or installations with volume <400 
litre and a volume <3 litre in pipe between heater outlet and draw off point. Large systems 
should be designed so that they can be heated up to 60ºC once a day. 

Sweden: There is no specific legislation; normal regulations for hot water production are 
valid. Installations for hot water shall be designed so that the temperature at the hot water 
tap is not less than 50°C and the temperature of circulating hot water shall not fall below 
50°C.  

United Kingdom: Approved code of practice and guidance in place since 1991, revised in 
2001. The Health and Safety at Work Act etc. of 1974 gives health and safety inspectors the 
possibility to enter and inspect all sites, to issue enforcement’s notices and eventually to 
prosecute. Temperature in storage >60ºC, cold water <20ºC. Separate action levels: <100 
cfu/litre is under control, >1.000 cfu/litre means immediate action. For individual houses there 
are nearly no restrictions. 

 

Table 1 – Legionella Controlling Policies in Selected EU Countries3 

 

 

Legionella controlling European and national rules are pre-requirements for the design of the 
HVAC installation, in particular for the DHW preparation in multi-family house, where a 
circulation system will be required to remain below the threshold of 3 Litres pipe storage. 

 

                                                

3 Yang, Li, and Svendsen.  “Review of Various Solutions for avoiding critical levels of Legionella Bacteria in 
Domestic Hot Water System.” Department of Civil Engineering Technical University of Denmark, Lyngby, 
Denmark. 2011 
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2.4 Different climatic and local factors 

The European continent presents a wide variety of climates, which have been categorized 
and specified in the report “D2.3 - Report on availability of renewable energy sources” based 
on their ambient temperature, humidity, and solar radiation profiles. 

 

 

Figure 14 – Reference European climates (source: report D2.3 of Project Inspire) 

 

This climatic diversity has consequences on the building heating and cooling loads, as well 
as on the renewable energy potential like solar or geothermal energy. 

It is therefore an important criterion for the design and sizing of the Energy Generation (EG-
P) and Energy Distribution (ED-P) Refurbishment Packages. 

 

2.4.1 Heating and cooling loads 

Building insulation levels are generally adapted to local climates. An energy-efficient house in 
the Mediterranean climate will have 6-10 cm wall insulation, 20 cm and even more (with heat 
recovery ventilation) in Nordic climate, but similar heating loads at the end. Therefore, 
heating loads are in practice less depending on the climatic regions than the building 
envelope efficiency. 

At the opposite, space cooling loads are strongly related to climatic conditions, and in 
particular the summer average temperatures and the solar radiations. 

The following graph illustrates the cooling load repartition in Europe in term of Cooling 
Degree Day. 
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Figure 15 – Cooling degree day base 21 in Europe (Meteonorm Data). 

In Mediterranean and Southern European regions, where the cooling demand in refurbished 
residential buildings may reach 20 to 30 kWh/m².yr (see report D6.3 Report on Performance 
of Studied Systemic Renovation Packages), a space cooling system will be generally 
required to provide the occupants with an acceptable summer thermal comfort. In the 
northern part of Europe, where the cooling demand remain below 5-10 kWh/m².yr, a passive 
cooling strategy (night ventilation, shadings) might be sufficient. 

 

2.4.2 Available solar radiations 

Solar panels performances are mainly driven by the solar potential on the building 
façade/roof. This solar potential depends on the horizontal solar irradiation of the regions 
(see Figure 16), as well as the orientation of the solar panel (the optimal orientation depends 
on the latitude of the location) and some surrounding shadowing factors as neighbourhood 
buildings, trees and surrounding reliefs. 

Therefore, for the design of a HVAC installation with solar systems, the solar fraction of solar 
thermal systems and the energy yield of photovoltaic systems must be assessed with 
precision according to the climates, in order to make sure this investment is profitable or not, 
and if it has a sizeable impact on the primary energy demand. 
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Figure 16 – Horizontal global radiation in Europe in kWh/m2.yr (source: report D2.3 of Project iNSPiRe) 

 

2.4.3 Geothermal and air-source heat pump potentials 

The potentials of geothermal, respectively air-source heat pumps in a specified location are 
quantified by its seasonal performance factor (SPF), which depends strongly from the local 
soil temperatures, respectively air temperatures, as well as the usage conditions (required 
hot water temperature, heating and DHW demands etc.) 

For some locations, the SPF will remain far under the CEDNRE of electricity, making the heat 
pump system not worthy for the achievement of the primary energy objective of 50 
kWh/m2.yr. For milder locations, the SPF will be much higher than CEDNRE. Moreover, in the 
case of locations with heating and cooling demands, a single reversible heat pump will work 
in winter and summer to achieve an optimal comfort all the year with very high combined 
SPFs. 

Furthermore, the local geothermal potentials are not always exploitable, at less at affordable 
costs. Depending on the presence and depth of rock and stones in the ground, digging can 
become very difficult/expensive and for some location impossible. At the contrary, the 
presence of an aquifer or geothermal source under the building may be a favourable local 
factor for the installation of geothermal heat pumps, leading to very high SPF. 

 



 

 

www.inspirefp7.eu  Seite 21 von 80 

 

Figure 17 – Seasonal Performance Factor of Air source heat pumps in Europe, residential buildings (source: 
report D2.3 of Project iNSPiRe) 

 

 

Figure 18 – Seasonal Performance Factor of ground source heat pumps in Europe, residential buildings (source: 
report D2.3 of Project iNSPiRe) 
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2.5 Different building occupants and owner structures 

“Buildings stay, occupants change”. According to this saying, the building occupants (defined 
by their number, age, profile) must not be considered for the design phase of the heat 
installation, and instead, standard consumption/load ratios per square meter floor area must 
be used. Nevertheless, apartments and offices are generally designed for a certain occupant 
number, as well as for a certain occupant profile (single person, family with N children, 
couple). The sizing of the heat installation during a refurbishment operation must consider 
these strong hypotheses. 

Beside the occupant profile, the owner structure plays also an important role in the decision 
of a refurbishment operation as well as in the choice of the heat installation configuration. 

For a building owned by a single person/organisation, the refurbishment operation concerns 
potentially the whole building. Then, a new centralised heating system may be implemented, 
with generally lower specific investments costs per square meter living area than for several 
individual heating systems. In this configuration, no individual metering system is required 
and the traditional rule of the distribution of consumption costs proportional to each lived 
remains the reference. In the case where the apartments/offices of a same building are 
owned by different persons/organisations, the different parts must previously agree on a 
common energy refurbishment concept. In the worst case, some individual heat systems will 
work in parallel, for a lower global efficiency, a higher primary energy consumption, as well 
as higher total investments costs. 
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3 Refurbishment with adequate cost-competitive solutions 

3.1 Comparison among generation components’ technologies 

 

3.1.1 Main features 

Energy generation solutions with low initial investment costs (e.g. gas boilers, decentralized 
electric systems) are mostly based on fossil fuels or electricity. The counter part of their low 
financial costs is relatively high and unpredictable yearly fuel costs as well as considerable 
environmental externalities (e.g. CO2 emissions and primary energy demand). 

On the other hand, energy generation solutions based on renewables technologies (e.g. heat 
pumps, wood-fired boilers, solar systems) present generally higher initial investment costs, 
which are balanced by low (or free in case of solar energy) yearly fuel and environmental 
costs. As a consequence, the investment surplus, compared to a conventional gas boiler 
system, is cashed back by the resulting energy cost saving, leading to a given payback 
period.  

Most of the world R&D of HVAC system manufacturers or public research institutes focused 
over the last year on these renewables technology solutions. Some of these technologies are 
already mature with a long market experience (e.g. compression heat pump), others have 
just left the pilot phase and are collecting their first market experiences. This is the case of 
micro-CHP systems for residential applications (e.g. Stirling motors), gas sorption heat 
pumps whose seasonal efficiency may overcome by 30-40% those of condensing gas 
boilers, or solar cooling technologies for air-conditioned buildings. 

Because of these intense R&D activities, their reliability and performance are increasing (see 
Figure 23 and Figure 24 respectively for residential and office applications), while their prices 
are dropping, accelerated by the critical mass reached by their market. 

 

Figure 19 – Photovoltaic module price compared to its worldwide shipments. Source: Royal Society of Chemistry 
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As a consequence, investment costs of renewables technologies tend to become more a 
more competitive compared to conventional energy generation systems (e.g. gas boiler for 
heating and split unit for cooling).  They aim at playing a growing role in building 
refurbishment operations, by replacing fossil fuel systems or being combined with them. 

 

3.1.2 Investment costs 

Two economic criteria drive the owner’s decision for investing in a new energy generation 
component during a refurbishment operation: 

 Will this investment be profitable? This profitability is evaluated with the payback period 
calculated in comparison with a reference variant „status quo“ or with a conventional 
energy generation component. This payback period should be naturally lower than the 
component life expectancy (generally 15-20 years)  

 Is the initial investment affordable for the owner? This criteria remains even if the 
investment is profitable. 

 

The affordability criteria is particularly important for single-family houses, where 
refurbishment investment costs per living square meters may be very high (because of the 
unfavourable compactness index and the individual energy systems), incompatible with the 
budget envelop of the owner. Energy systems requiring high investments costs are rather 
installed in multi-family houses or office buildings, by mutualizing the investment costs 
between the different occupants. 

The investment costs are the sum of hardware costs (costs of components) and soft costs 
(permitting, inspection, installation and interconnection costs). 

For some energy generation technologies (e.g. geothermal heat pumps), soft costs may be 
comparable with hardware costs. Soft costs depend a lot on the country, not only because of 
the hourly labour costs disparity but also because of the regulations and formation of the 
installers. For instance, soft costs for the installation of PV modules on residential buildings 
are 5 times lower in Germany than in USA (see Figure 20). Soft costs may also depend 
strongly on singular issue, like the new connection to a gas network. 

 

Figure 20 – Photovoltaic module investment cost breakdown. Source: Clean Technica 
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Table 5 gives a magnitude order of the average investment costs (sum of hardware and soft 
costs) and present the trends for the different energy generation systems. 

 

Table 5 – Investment cost ranges of Energy generation components systems for Single Family House. Source: 
inspired from GDF Suez Roadmap 2011-2020 

Energy Generation Systems Investment 
costs* 

Price trend 

Gas-fired condensing boiler  € 

Wood-pellets fired boiler €€€ 

Ground-source electric HP €€€€ 

Ground-source gas engine HP €€€€ 

Ground-source gas sorption HP €€€€ 

Air-source electric HP €€€ 

Air-source gas engine HP €€€€ 

Air-source gas sorption HP €€€ 

District heating €€ 

Gas engine CHP €€€€ 

Gas fired Stirling motor CHP €€€ 

Gas fired Fuel cell CHP €€€€€ 

Wood-pellets fired Stirling motor CHP €€€€ 

* 2000 < “€” < 4000 < “€€” < 8000 < “€€€” < 12000 < “€€€€” < 20000 Euros 

 

3.1.3 Operation and maintenance costs 

Building owner has responsibility for maintaining and operating the building HVAC 
installation. In big buildings, a Facilities Manager is usually tasked with this Building 
Maintenance, implementing the Operation and Maintenance policies (e.g. definition of 
maintenance tasks and intervals, timeframe, subcontracting to Maintenance Service 
Providers) in order to maximize the long-term performance of the HVAC installation and its 
lifespan. Besides the usual inspection, cleaning, repairing and replacing tasks, the Operation 
and Maintenance (O&M) scope may also include a monitoring and optimization process, 
which would increase consequently the O&M costs4. 

For a refurbishment feasibility study, the O&M yearly costs may be assessed with a given 
percentage of the initial equipment investment costs, typically between 1 and 5% depending 
on the equipment (see Table 6). Generally, the more complex is the technical installation, the 
higher are the O&M costs. They can even represent a sizeable part of the yearly global 
energy costs, in particular for energy systems with mechanical moves (CHP, heat pump 

                                                

4 Guide to Best Practice Maintenance & Operation of HVAC Systems for Energy Efficiency. January 2012. 
Council of Australian Governments (COAG). 
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compressors) or integrating expensive consumables. In parallel of the O&M costs, 
replacement costs should also be foreseen, depending on the initial investment costs and the 
life expectancy of the equipment.  

 

Table 6 – O&M effort and life expectancy of generation components. Sources: VDI 2067: Economic efficiency of 
building installations (2012); Atlas Gebäudetechnik 2014 

Energy generation 
components 

Ratio (yearly O&M 
costs / investment 
costs) 

Yearly effort 
for operation 

Life expectancy 

Gas condensing boilers 3.5 % 5 – 10 hr 18 – 20 yr 

Wood pellet boilers 6 % 15 hr 15 yr 

Electrical heat pumps 2.5 % 5 hr 18 – 20 yr 

Gas heat pumps 4.5 % 40 hr 15 yr 

Solar thermal collectors 1.5 % 5 hr 18 – 20 yr 

Combine Heat and Power 8% ~100 hr 15 yr 

House transfer station from 
District Heating 

3 % 0 hr 20 yr 

Smokestacks 2 % 0 hr 40 yr 

Oil and gas tanks  2.5 % 0 hr 20 – 30 yr 

Wood pellets storage area 5 % 10 hr 20 yr 

Geothermal probes 3 % 0 hr 50 yr 

Electrical storage heaters 3% 5 hr 20 yr 

 

Biomass (wood pellets) boilers and CHP are the energy generation equipment systems with 
the highest O&M costs, requiring also a longer yearly effort for operation leading to a shorter 
yearly availability. For biomass boilers, a weekly inspection visit may be required to carry out 
a visual inspection of the boiler and fuel feed system, to check the lubrication of bearings and 
to empty the ashbin. 

 

3.1.4 Fuel costs 

The unit price of the different energy carriers (e.g. electricity, gas, oil, wood) are also a 
determinant factor for the selection of a cost-competitive energy generation system. 

They depend on the national and international market dynamics as well as on the national 
regulations and taxes. Consequently, they are very different inside Europe, from a country to 
another, as shown in the following table. 
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Table 7 – Comparison of energy prices inside Europa for different generation systems. Source: Eurostat 2012 

Household energy price France Germany Sweden 

gas price [c€ / kWh] 6.5 6.4 11.7 

electricity price [c€ / kWh] 14.2 25.3 20.4 

Generation systems Heat costs [c€ / kWhUsedEnergy] 

Gas-fired condensing boiler  6.8   6.7 12.3 

Air-source electric heat pump 5.3    9.4 7.6 

Air-source gas absorption heat pump 5.0   4.9 9.0 

 

Table 7 presents the gas, electricity and resulting heat unit price of several energy systems 
for three countries of EU27, which represents three trends: 

 Relatively low gas price, low electricity price (France) 

 Relatively low gas price, high electricity price (Germany) 

 High gas price, middle electricity price (Sweden) 

 

France, which electricity mix is 75% covered by nuclear plants, have relatively low electricity 
prices. At the opposite, countries like Germany or Denmark present an important part of 
renewables but also coal plants in their electricity mix. Additionally, they set sizeable taxes 
on household electricity to finance their energy transition. 

Therefore, comparing the fuel costs per kWh used energy (space heating demand) for 
different generation systems do not lead to the same conclusios.  

Additionally to this fuel price difference between countries, energy suppliers propose also 
different unit fuel price between households and private companies. 

In term of trend and dynamics, the electricity price has progressed in whole Europe regularly 
over the last decade, with a considerable inflation of 4.8 %/yr (see Figure 21), impacted in 
particular by the political measures and taxes linked with the financing of renewable 
energies. In comparison, the price evolution of fossil energies has been much more instable 
and unpredictable, linked mainly with geopolitical international circumstances (see Figure 
22). The trend is reversed in the last 1-2 years due to oil dramatic cost reduction. 
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Figure 21 - Evolution of EU-27 and EA electricity prices (in Euro/kWh) for household consumers (source: 
Eurostat, 2012) 

 

 

Figure 22 - Evolution of  EU-28 and EA natural gas prices (in Euro/kWh) for household consumers (source: 
Eurostat, 2013) 

 

3.1.5 Environmental costs 

Beside economic costs, some external costs must be considered in the case of a building 
refurbishment. Among these external costs, environmental costs (e.g.  CO2 emissions, 
consumed primary energy) are associated with damages (respectively global warming, 
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health issues, energy resource scarcity) which are borne by society as a whole and are not 
reflected in market transactions. 

This project focuses in particular on the primary energy consumption, with a goal of 50 
kWh/m².yr. To compare the primary energy consumption of different energy generation 
systems consuming different types of fuels, the Primary Energy Ratio of Non-Renewable 
Energy (PERNRE) is used as key performance index (KPI). Note that it does not account for 
the production, distribution, installation and end-of-life disposal of the HVAC systems itself. It 
is a KPI which considers the depletion of limited energy resources contained in e.g. fossil 
fuels. It is defined as the ratio of the primary energy input to the useful energy output of the 
system. 

For the calculation of the Primary Energy Ratio, the indicator “Cumulative Energy Demand, 
non-renewable” (CEDNRE) is required. The CEDNRE quantifies the non-renewable primary 
energy used to provide the final energy (e.g. gas, electricity), including the energy used for 
construction of the electric grid and power plants. It accounts for the primary energy from 
fossil, nuclear and primary forest resources (i.e. original forests that are destroyed and 
replaced by farmland) defined in terms of [kWhPE/kWhFE]. 

 

Table 8 – Non-renewable Cumulative Energy Demand of different energy carriers. 

Energy carrier CEDNRE  
[kWhPE/kWhFE] 

Electricity 2.878 

Natural Gas 1.194 

Oil 1.271 

Wood pellets 0.187 

Wood chips 0.035 

 

Sources: 

 IEA SHC Task 44 / HPP Annex 38. Definition of Main System Boundaries and 
Performance Figures for Reporting on SHP Systems. 

 International database Ecoinvent, Swiss Center for Life cycle Inventories, Dübendorf. 

 Itten, R., Frischknecht, R., Stücki, M., 2012, Life Cycle Inventories of Electricity Mixes and 
Grid. ESU-service (PSI), July 2012. 

 

Based on this CEDNRE and on the system yearly efficiency, the PERNRE of the different energy 
generation system can be calculated and compared. The total primary energy consumption 
of a building is obtained by dividing the heating, cooling and domestic hot water demands by 
the related PERNRE. Therefore, the higher the PERNRE, the more environmental friendly is the 
refurbished building.  

In its roadmap 2011-2020, GDF Suez attempted to forecast the PERNRE evolution of different 
HVAC systems for residential (Figure 23) and office applications (Figure 24). It is interesting 
to observe the foreseen increase of the PERNRE over the next years, due to the combination 
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of system efficiency optimizations and increase of the renewable part of the electrical mix 
leading to a lower CEDNRE for electricity. Electrical compression heat pumps in particular are 
likely to see their PERNRE reach 1.4 in a near future, making it one of the energy generation 
systems with the lowest environmental costs. 

 

Figure 23 – Primary Energy Ratio of energy systems for residential applications. Source: based on GDF Suez 
Roadmap 2011-2020 

 

 

Figure 24 – Primary Energy Ratio of energy systems for office applications. Source: based on GDF Suez 
Roadmap 2011-2020 
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3.2 Comparison among distribution components’ technologies 

 

3.2.1 Main features 

Distribution systems of residential and office HVAC installations can be mainly distinguished 
between central systems with water circulation, central systems with air circulation, and 
decentralized distribution systems. Culturally, HVAC distribution systems with water 
circulation are common in Europe, while HVAC distribution systems with air circulation are 
preferred in America. In the European project Inspire, only central water circulation system 
and some decentralized systems are considered. 

The common components of a central water distribution system are: 

 piping system (pipes, valves) 

 storage system 

 heat exchangers 

 circulation pumps  

 Terminal units 

 

In central distribution systems, terminal units may be radiators (space heating), radiant 
ceilings and floors, two-pipes or four-pipes fan coils (both space heating and cooling), air 
intakes and exhaust (ventilation) or fresh water stations (domestic hot water). These 
components are installed from the technical room to the end-use rooms, through the 
circulation areas.  

Decentralized systems are composed only of terminal units (e.g. split units, Window Air 
Conditioner, individual domestic hot water heater), sometimes extended with air-ducts to 
provide heating / cooling to several adjacent rooms (e.g. micro heat pumps, multi-split units).  

 

3.2.2 Investment costs 

Comparing the investment costs of a decentralized distribution system and a central 
distribution system is irrelevant, since the latter can’t distribute energy without an energy 
generation system.  

For a given building with a given energy demand, the investment costs of a decentralized 
HVAC installation (composed only of end-use units) is generally much lower than the sum of 
the energy generation and central distribution system investment costs. However, this gap 
can be reduced in the case of building refurbishment by reusing some distribution 
components of the existing installation with long lifespan (see Table 9) and adequate to the 
new HVAC installation layout. It is generally the case of the piping system, the storage 
system and sometimes the radiators, as detailed in paragraph 3.3.6.  

In term of costs, the piping system investment depends naturally on the geometry and 
configuration of the building. 
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3.2.3 Operation and maintenance costs 

Providing that the circulating fluid is treated and the pressure well-controlled, the components 
of a hydraulic distribution system (e.g. piping system, storage system, heat exchanger and 
radiant terminal units), excepted the circulation pump, present very few maintenance 
requirements and very low yearly O&M costs, typically around 1% of their total initial 
investment costs, for a relatively long life expectancy (e.g. 20 – 40 yr). 

Air-based terminal units, which integrate fans (e.g. fan coils, split units), require in 
comparison higher O&M costs and effort and have generally a shorter life expectancy (see 
Table 9).  

 

Table 9 – O&M costs and life expectancy of distribution components. Sources: VDI 2067: Economic efficiency of 
building installations (2012) 

Energy distribution 
components 

Ratio (yearly O&M costs / 
investment costs) 

Life expectancy 

Valves 1.5 % 15 yr 

Piping 0.5 % 30 – 40 yr 

Water storage tank 1.5 % 25 yr 

Plate heat exchangers 2 % 20 yr 

Circulation pumps 3 % 10 yr 

Radiators 1 % 30 – 40 yr 

Radiant ceiling panels 2 % 20 yr 

Fan coils 5 % 8 – 12 yr 

Split units 4 % 12 yr 

 

For air conditioning system generally installed in office buildings, the O&M cost repartition is 
very different for central and decentralized systems. Cleaning of air ducts and diffusers of 
central installation compensate the cleaning of the decentralized devices. However, “change 
of filter” represent in both cases the highest O&M cost allocation (see Table 10). 
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Table 10 – Comparison of the annual maintenance costs for central and decentralised air conditioning installation. 
Source:  ILK Dresden (2003) – Comparison between Decentralised and Centralised Air Conditioning Systems

 

 

3.2.4 Fuel costs 

In the case of decentralized HVAC installation, distribution components (e.g. split units, 
electrical radiators) consume directly electricity to provide space heating or cooling in the 
room.  

In centralized HVAC installation, energy distribution components (excepted circulation 
pumps) don’t consume directly final energy. However, their characteristics and their 
operation mode have an indirect impact on the energy bill of the HVAC installation. For 
instance, a heat pump delivering heat to radiant ceiling panels (whose inlet water 
temperature may reach 30°C) will have a better efficiency, and then consume less electricity, 
than if it delivers heat to radiators (whose inlet water temperature remain between 35 and 
50°C). 
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3.3 Heating and Cooling system installation and related 
refurbishment issues 

Before presenting the assessed Energy Generation and Distribution Packages in the chapter 
4 and 5, this section inventories the main HVAC installation configurations in residential and 
office buildings with their pros and cons, and present some technical issues and 
opportunities related to their refurbishment.  

 

3.3.1 Residential applications – central and decentralized HVAC installations 

Decentralized energy supply characterize installations where energy is produced and 
consumed at the same place. However, some HVAC installation with localized distribution 
perimeter (the different rooms of an apartment or the different apartments of a storey) may 
be also considered as decentralized, in comparison with central systems which supply in 
energy the entire building from one central technical room. In single-family houses, where the 
energy production and consumption places are next to each other, central and decentralized 
HVAC installations are often not differentiated.  

The whole HVAC installation of a building must not be either 100% central or 100% 
decentralized. It is common to find in Europe residential buildings with central space heating 
and domestic hot water preparation installations (e.g. gas boiler and radiators), together with 
a decentralized space cooling systems (e.g. split units), and a central ventilation system (e.g. 
mechanical ventilation with heat recovery) for instance. 

 

Central heating and cooling installations in residential buildings are commonly based on 
reversible heat pumps (e.g. air-source, geothermal) as heat and cool generation systems. 
They represent indeed a more economical solution that two parallel heating and cooling 
systems (e.g. boiler and chiller). The terminal units of such installation are 2-pipe fan coil 
systems (either heating or cooling mode for the whole buildings) or 4-pipe fan coils system 
(possibly both heating and cooling modes simultaneously) or radiant floors.  

Since boilers (pellets or gas) only produce hot water for space heating or DHW, they are 
generally used in residential buildings whose HVAC installation combines central heating 
and decentralised cooling supply. In northern regions of Europe (see section 2.4.1), 
passive cooling solutions (e.g. night ventilation, isothermal fans) may even be enough to 
cover the low space cooling demand without any “active cooling system”. The terminal units 
of such installation are generally radiators and split units for space heating respectively 
space cooling. 

In residential buildings, DHW loads are generally supplied with the energy generation system 
of the central heating installation for economic reasons. In multi-family houses and apartment 
blocks, a distribution system consisting of DHW circulation and fresh water stations in each 
apartment is installed in order to comply with the legionella legislation (see section 2.3.2). 
Such a system is not necessary in single family-houses. 

Additionally to the heat-pumps and boilers, solar thermal systems can be integrated in 
central heating installation, covering the domestic hot water and/or space heating demands. 
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Decentralized heating installations consist mostly of electrical heating solutions (e.g. 
convectors or electrical radiant heating). Because of their very poor environmental 
performances (PER below 0.5) and high energy bills, they are practically banned from new 
residential buildings. However, some of these installations may still exist in buildings to 
refurbish, particularly in countries with low electricity prices (see section 3.1.4). 

 

Both types of HVAC installations have many pros and cons in residential buildings: 

Centralized systems show higher energy efficiency and longer life span (approx. 15 years). 
They permit building-wide load sharing which results in reduced equipment sizes (and costs) 
and greater load-management potential. They also allow integrating renewable solutions in 
their installation (e.g. solar thermal systems, pellets boilers, geothermal heat pumps). The 
main drawback is that these systems are more expensive to install and are usually more 
sophisticated to operate and maintain than decentralized systems. 

 

Figure 25 – Representation of a central heating and DHW preparation in a multi-family house. Source: website 
baulinks.de (December 2015) 

 

The principle advantages of decentralized systems is lower initial costs, simplified 
installation, no pipes along the rooms and corridors, independent zone control, and less floor 
space requirements for technical room and pipes. A great benefit of decentralized systems is 
that energy consumption can be individually metered at each unit. Their maintenance is 
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relatively simple but because there is a system for every apartment respectively room, 
service calls can be frequent occurrences5. However, they tend to have a shorter life span 
(approx. 10 years) and energy efficiency than the centralized systems, due in particular to 
their on-off short cycles. Since loads cannot be shared on a building-wide basis, a peak load 
capacity shall be provided for each zone, resulting in a higher total installed power than for 
central systems. The higher noise of convectors and split units may be also an additional 
disadvantage for the building occupant comfort.  

 

3.3.2 Office applications – central and decentralized HVAC installations 

All HVAC installations previously mentioned for residential applications are also installed in 
some office buildings. However, offices have specific architecture and usage features which 
require more adequate HVAC systems. 

Modern office building architecture uses more glass for external walling (e.g. 40 to 80% 
window to wall ratio), which increases the solar gains. The inside thermal load is also 
substantially increased by the technology used in the modern office (e.g. electronic 
appliances, data servers) and the important occupancy density (2 to 5 times higher than in 
residential buildings). As a consequence, such buildings require air conditioning technologies 
able to answer relatively high ventilation and cooling loads, to provide the comfort 
requirements of air quality and space temperature (see section 2.1). 

At the opposite, DHW demand is generally very low or inexistent in existing office buildings, 
corresponding to 4 L/pers/day according to the National Renewable Energy Laboratory (i.e. 
one order of magnitude lower than in residential buildings). It represents only a comfort 
solution for hand washing and few showers in some office buildings with such facilities. 
Therefore, office buildings generally do not have DHW systems or decentralized DHW 
systems installed directly in the end-use place. 

A further specific usage feature of office buildings is their heterogeneous and flexible 
occupancy profile. Office complex are generally rented out to different companies, whose 
working times can vary significantly from company to company depending on the type of 
business involved. In such office complex, central air-conditioning systems work from the 
earliest worker (e.g. 7 am) to the latest ones (e.g. 20 pm). Therefore, some office areas are 
often conditioned during their unoccupied hours or days. The individual control abilities on 
room temperature and fresh air volume flow of decentralised air-conditioning systems are 
clearly an advantage in this context, which leads to sizeable energy savings. Central air-
conditioning system have however higher energy efficiency, due in particular to their roof-
mounted air intakes harnessing cooler air inlet temperature in summer than for façade-
mounted decentralized systems. Heat recovery systems also are more interesting 
economically for central than for decentralised systems. 

In office buildings, central air-conditioning installations with water circulation are 
commonly based on reversible heat pumps (e.g. air-source, geothermal). The terminal units 
of such installation are 2-pipe fan coil systems, 4-pipe fan coils system or radiant ceiling 
which are increasingly used to offer an “island comfort zone” around the working places. 
Alternative to water based HVAC system, multi-split system consisting of an outdoor unit 
connected to several wall mounted, slim duct or compact cassette indoor units through a 

                                                

5 Multifamily Residential HVAC Systems: How do you Decide?. Article in Banker & Tradesman Magazine. Joseph 
O’Connor and Jeffrey Ellowitz, Erland Construction’s Residential Group in 
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refrigerant loop (e.g. R32) are also commonly used in office buildings, generally installed for 
a group of rooms or a full storey). 

The Water Loop system is a “hybrid air-conditioning solution” which combines the higher 
energy efficiency and storage capacity of central systems with the flexibility and control 
abilities of decentralized systems. Widespread in United States, it is based on individual 
water-air or water-water heat pumps, connected by a ring of water which acts as a heat 
source during the winter and disposal system of heat during summer. 

 

Figure 26 – Water loop heat pumps in office building – Source: Clivet s.p.a 

 

Such systems allow individual adjustment of the room temperature all year round and offer 
performance comparable to a system with 4-pipe fan-coil, but with reduced dimensions 
thanks to the use of only 2 tubes that, given the temperatures involved, do not require 
thermal insulation. In buildings characterized by different exposures, the water loop enables 
to achieve an effective and simple heat recovery: When some units operate in cooling mode 
and the others are simultaneously in heating mode, the heat of the former are transferred to 
the latters through the water loop, or to a storage tank. If cooling and heating loads are 
equal, the water loop is in thermal equilibrium (temperature between 16 and 35 °C) and it 
does not occur any withdrawal of energy, with the exception of the electrical consumption for 
the heat pumps and the circulation pumps.  
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The temperature of the water in the pipes of the loop is suitable to use low temperature heat 
sources (solar panels, geothermal heat sources) or to recover heat from industrial processes 
(cold storages in supermarkets). 

 

3.3.3 Recycling and compliance with the existing HVAC installation 

During the refurbishment of a central HVAC installation, throwing away the whole existing 
heat installation and installing instead a brand new one is economically not interesting 
(according to the Life Costs Cycle), and is environmentally counter-productive (according to 
the Life Cycle Analysis). 

Then, the energy systems already existing before the refurbishment, whose ages are still far 
from their lifespan and whose efficiency is acceptable or can be easily upgraded, should be 
re-used when it is possible, integrated in the new heating installation. 

In the technical room, the compatibility of the existing storage system with the new 
installation layout and sizing must be analysed. Some existing energy generation systems 
(such as gas boilers), with an acceptable efficiency, may also be integrated in a bivalent 
energy installation or used as back-up system. If existing distribution piping is not corroded, it 
may be also reuse by the new HVAC installation. Inside the apartments and office, the 
potential of existing radiators and other terminal units with long life-span (see section 3.2.3) 
must be at less investigated. Even if these radiators have originally not been designed for the 
low temperature levels and heat loads planned after refurbishment, they can comply very 
well with it as demonstrated below. 

 

Figure 27 – Emitted heat law of a typical cast iron radiator 
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In this graph, DeltaT corresponds to the difference between the room air temperature 
(typically 20°C in winter) and the average water temperature inside the radiator. 

Before a refurbishment, the inlet water temperature is generally fixed at 60-65°C, while the 
drop of water temperature inside the radiator reaches generally 10°C (depending on the 
water mass flow). The point A (DeltaT = (65+55)/2 – 20 = 40) on the graph represents this 
configuration. According to the emitted heat curve deliver by the radiator manufacturer, such 
an iron cast radiator may cover in this case a heat load of 120 W/m², which corresponds to 
the load of a non-insulated building in European continental climate. 

After refurbishment, the required heat load will be much lower, between 30 and 50 W/m² for 
a medium insulation of the building envelop. In parallel, an efficient low-exergy system may 
be installed, delivering water at a lower temperature (typically 35-40°C for a heat pump). The 
graph reveals that the emitted heat law of the same radiator still complies with this new 
configuration (point B), then the radiator can be re-used after refurbishment. 

 

3.3.4 Space availability and requirements 

Space availability may be a redhibitory criterion for the refurbishment of buildings with new 
systems and new facilities with important space requirements. 

In buildings originally designed with decentralized HVAC facilities, installing a central HVAC 
system without cost-intensive construction costs to modify the building layout is often 
impossible. Even in buildings already equipped with a central HVAC system, the technical 
room, which has been designed compatible with the original heating installations, may not 
offer the space required to install new systems. It is generally the case for instance of new 
installation with absorption heat pumps or biomass boilers, which have bigger space 
requirements (see Figure 28) than conventional gas/oil boilers or compression heat pump.  

Additionally to the size of the energy generation system itself and the peripheral space 
requirement for its connection and clearance, integrating the required fuel storage (i.e. wood 
pellets) for a biomass boiler may represent a further challenge in an existing building. A 
possible solution may then consist in a storage outside the building, generally by digging a 
space against the cellar wall. 

Accessing the technical room with all these new systems to be installed may also be critical 
when doors and corridors on the way are particularly tight and angled. 

This lack of space for energy refurbishment may be an issue not only in the technical room 
but also in the storeys upstairs. In some energy installation configuration, satellite modules or 
fresh water stations must be installed at the end-use places. The installation of a radiant 
heating/cooling ceiling or of a central air-conditioning system requires also a storey high 
enough (> 2.4m) to not bother the building occupants in their living / working place. 

All these space availability issues may force the HVAC designer to opt for decentralized 
systems, which require much less space than central systems. 
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Figure 28 – Dimensions and space requirements of the domestic biomass boiler Pellematic of Ökofen (source: 
Ökofen) 

 

3.3.5 Requirements of new ventilation concepts 

Airtightness is generally not a hot topic for old buildings, which generally don’t have 
ventilation active systems and use to “breath” through the linkage of their walls. The direct 
consequences are important heat losses in winter, and an uncontrolled ventilation of the 
indoor space, which is not particularly energy-efficient but often enough, in parallel of some 
short window openings, to provide the building occupants with a hygienic air change rate (25 
– 30 L/h/pers). 

A building refurbishment leads to a global improvement of the building airtightness, by 
treating the air linkages. As a consequence, the installation of a well-sized mechanical air 
ventilation system is required to insure a hygienic air change rate to the occupants.  

 

3.3.6 Refurbishment operations in occupied buildings 

In rented buildings, most part of refurbishment operations happen between two different 
renters. Then, time schedule can be flexible and “intrusive” works like plastering, installation 
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of a radiant floor/wall, drilling etc. are not an issue. The rooms are empty, the floor can be 
either covered or replaced at the end of the operation. 

Refurbishing an occupied building is a stronger challenge. Even if generally, tenants may not 
be on-site during the refurbishment working hours, they will barely move all their furniture 
during the refurbishment operation period. The refurbishment operation must be then as 
quick as necessary, planned in coordination with the tenants, disturbance (acoustic, dust) 
must be avoided as far as possible, and no damage over the existing furniture is tolerated. 

The Energy Distribution Refurbishment Package with radiant ceiling developed in this project 
tackles this precise issue, allowing to refurbish occupied buildings within a minimum time and 
disturbance level. 
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4 Assessed Energy Generation Packages 

This section presents several Energy Generation (EG) Refurbishment Packages, together 
cost-competitive and with a high Primary Energy Ratio (at less 0.8, preferably over 1), which 
have been selected for further investigations in the Project Inspire, in particular for the 
simulation work realised in the WP 6 (see report D6.3 – “Report on Performance of Studied 
Systemic Renovation Packages”) 

The main classification is the building type. Nevertheless, other criteria, such as ownership 
structure (one main owner/multi-owner), or climatic conditions and renewables availability, 
would be also useful for the selection of an adapted Energy Generation Refurbishment 
Package for a given refurbishment case.  

4.1 Individual residential buildings 

The different Energy Generation (EG) Packages selected in the project Inspire for individual 
residential buildings (e.g. single-family houses, terrace houses) are all derived from a same 
reference HVAC configuration structure, representative of the HVAC installations of 
European individual residential buildings and compatible with the different selected energy 
generation components (see Figure 29). In this HVAC configuration structure, Energy 
Generation components may be interchanged, while solar thermal and photovoltaic 
installations may be added, in order to create new combinations. Furthermore, sizing rules 
are investigated. In total, 160 variants of Energy Generation Packages are considered in this 
section (5 Energy generation components * 4 photovoltaic installation variants * 4 solar 
thermal installation variants * 2 storage tank sizing variants). 
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Figure 29 – Reference HVAC configuration, basis for the simulation of the different Generation and Distribution 
Renovation Packages for individual residential buildings 
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4.1.1 Reference HVAC configuration structure… 

A reference HVAC configuration structure is defined, composed of a main energy generation 
component, a storage tank for domestic hot water, a buffer storage for heating and cooling 
distribution, and possibly solar thermal and photovoltaic systems. The domestic hot water is 
supplied without circulation at a typical water temperature of 45°C. 

 

4.1.2 …with different energy generation systems 

Based on the market research (§2.2) and on the study of energy generation components 
suitable for refurbishment (§3.1 and §3.3), five different energy generation components have 
been selected, as represented in the table below. 

 

Table 11– Selected Energy generation components for individual residential buildings 

EG 
component 

Space heating 
supply 

Domestic hot water 
supply 

Space cooling 
supply 

#1 Condensing gas boiler split units 

#2 Wood-pellets boiler split units 

#3 District heating system substation split units 

#4 Air-source Heat pump 

#5 Ground-source Heat pump 

 

While reversible heat pumps may generate hot and chilled water, boilers only generate hot 
water. In this last case, decentralized cooling systems (split units) were added to them, to 
systematically achieve an acceptable summer thermal comfort. A District heating system 
connection has been also considered, complemented with split units during the cooling 
period. Even if district heating and cooling system exist, they are very rarely connected to 
individual residential buildings; because of economic reasons (sizeable heating and cooling 
demands are both required, to make the connection profitable for the DHCS operator).  

Bivalent systems (e.g. gas boiler AND heat pump) were not considered in the selected 
solutions. Such installations are rare, although they could be relevant in some particular 
refurbishment cases, where the existing energy generation system is far from its life-end, and 
would be complementary with a new energy generation system. 

Some promising technologies like fuel cells or sorption heat pumps, whose energy and 
environmental performances (PER) reach an excellent level, but which are still at the pilot 
phase or whose costs are still prohibitive for residential applications, have not been included 
in our EG-Packages. However, they could become a competitive refurbishment solution in 10 
years. 

In comparison, micro-CHPs (see section 6.5) are more mature technologies but their 
profitability depends directly from national incentives and feed-in tariffs, which have been 
dramatically decreased over the last year. This strong dependence on unpredictable subsidy 
evolutions has been seen as a disqualifying criterion to be part of the EG-Packages. This 
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solution may be adapted however in specific configurations, where the on-site electricity use 
coverage is high, and the grid electricity price expensive.  

For energy-refurbished individual residential buildings, the Domestic Hot Water preparation 
load (considering the storage capacity of a typical tank) is higher than space heating and 
cooling loads in all European climates, reaching 7 to 15 kW depending on the number of 
inhabitants and on the DHW facilities. Gas boilers, wood-pellets boilers and district heating 
system substation, whose efficiency is considered constant, are sized on this maximum load. 
Since heat pump’s thermal capacity is strongly dependant on the load’s and source’s 
temperatures, they are sized considering specific design temperatures: an outside air 
temperature of -5°C for air-source heat pumps, and a source temperature of 0°C for ground 
source heat pumps. Below this, a back-up electric heater is switched on. 

For ground-source heat pumps, vertical ground heat exchangers are better adapted to 
refurbishment operations than horizontal ground heat exchangers, in particular in urban 
areas. Their depth may be calculated using specific extraction values given by norms, 
depending on the underground structure and on the number of operating hours: 

 

Table 12  – Possible specific extraction values for borehole heat exchangers (VDI 4640-2),   

Underground Max. specific extraction output 
for 1800 h/a  

Max. specific extraction 
output for 2400 h/a 

dry sediment 25 W/m 20 W/m 

Normal rocky underground 60 W/m 50 W/m 

Consolidated rock 84 W/m 70 W/m 

 

Further details concerning gas boiler, wood-pellet boiler, district heating system substation, 
air-source heat pumps and ground-source heat pumps are to be found in sections 6.1, 6.2, 
6.3, and 6.4.1. 

 

4.1.3 …combined with different solar system installations 

Additionally to these first energy generation components, solar thermal and photovoltaic 
systems may be added to the HVAC installation. 

For both solar thermal and photovoltaic fields, their size and orientation play an essential role 
for their heat, respectively electricity generation loads. Their size is physically limited by the 
roof and façade areas (window and chimney subtracted), while their orientations is imposed 
by the roof and façade geometry (unless in the case of flat roofs where solar panels are 
generally “standing up”). For economic reasons, the tilted building surfaces becoming the 
highest amount of solar radiations (over the whole year, or during the peak load hours) will 
be equipped in priority with solar systems, in order to make the solar installation investment 
profitable. Finally, in term of Primary energy, the energy renewable generation must be 
consistent with the heat; respectively electricity demand of the building, since the over-
generation, which is fed into the grid, is not counted in the net primary energy balance. 

To assess the area and orientation available for the solar fields, an individual residential 
building archetype has been considered. Because of the windows and chimneys, the 
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surfaces cannot be completely covered with the solar panels. We assume therefore that only 
60% of the facade and 80% of the roof surface can be covered. It results in a maximum 
suitable area of 28 m² on the façade and 24 m² on the roof surface. 

 

 

Figure 30 – The two solar systems orientation variants 

 

Solar thermal system 

A solar thermal field drives renewable heat into the thermal storage tank in parallel with the 
main generation unit; depending on the size of the field, the solar energy is used only for 
DHW preparation or for both heating and DWH preparation. 

For the sizing of the solar collector installation, the ratio 1,5 m² flat collectors/person seems 
to be a common average, resulting in 10 – 20 m² flat collectors per dwelling, according with 
different sources (Krimmling – 2014: p.163, Recknagel – 2012:p.507-508). However 
according with (Weiss – 2003: p.195) no general guideline is possible. The ‘best collector 
size’ depends on the priorities of the user: energy savings, economy, or space requirements. 
In countries like the Netherlands and Austria small and large areas are used respectively, 
and the owners are satisfied.  

The manufacturing data of an average solar thermal collector (eta0 = 0.82, a1 = 3.8) with an 
active area of 2.3 m², have been considered for the parameterization and sizing of the solar 
thermal field. Different number and configuration of solar thermal panels define the different 
variants of Energy Generation Packages. 

The solar collectors are connected to the storage tank through an insulated pipe, whose 
insulation thickness corresponds to twice the pipe diameter. 
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Table 13– Solar thermal collectors configuration-individual residential buildings 

Thermal collector configuration Total active area 
(m²) 

Application 

No solar thermal installation 

1 series of 2 collectors 4.6 only DHW preparation 

1 series of 4 collectors 9.2 DHW preparation and space heating 

2 series of 3 collectors 13.8 DHW preparation and space heating 

 

Photovoltaic system 

The PV field is used for both driving the generation/distribution systems – namely generation 
units, pumps, valves and backup heater – and covering the building’s electric loads – lighting 
and appliances. In order to compare the effectiveness of the solar thermal solutions with the 
PV ones, the PV electricity production consumed on-site by the HVAC system will be 
distinguished from the one used for lighting and appliances. 

The manufacturing data of an average mono-crystalline PV module has been considered for 
the parameterization and sizing of the PV panels, with an active area of 1.31 m² and a peak 
power of 165 Wp per panel. Different numbers and configurations of PV panels define the 
different variants of Energy Generation Packages. 

 

Table 14– PV modules configuration-individual residential buildings 

PV modules configuration Total active area (m²) Peak power 

No photovoltaic installation 

1 series of 6 modules 7.8  around 1kWp 

2 series of 6 modules 15.6  around 2kWp 

3 series of 6 modules 23.4  around 3kWp 

 

4.1.4 Storage systems and water temperature levels 

Water storage tank 

Depending on the EG-package, this main water storage tank may be used: 

  to store the energy required for the DHW load 

 To store the energy produced by the solar thermal installation if existing 

 To store the energy required for the heating load, in the case of large solar thermal 
installations 

 

The preparation temperature for DHW lies generally around 45°C. Scalding risks at the 
faucet rise dramatically if the preparation temperature is higher than 55°C. Furthermore, 
temperatures higher than 45°C increase the heat losses of the heating device, thermal 
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storage and pipes. The temperature on the top of the storage tank should be approx. 5 and 
10°C higher than the required preparation temperature (Kübler 1998). 

If the EG-package does not contain any solar thermal installation, the water storage tank of 
an individual residential building has generally a volume of approx. 200 litres, which 
corresponds to the maximum volume of hot water required for one full bath for 3 and 4 
people, considering a water temperature at 45°C, a boiler operation time of 1 hour and a 
heating power of 7kW heating water at 60°C. This volume can vary depending on the 
number of baths in a house, number of people an also the operation time required by the 
heat generation device.  

If the EG-package is composed of a solar thermal installation, the water storage tank is sized 
on the maximum volume required for DHW demand and solar thermal storage. A rough rule 
of thumb for the calculation of the latter is 50-100 litres for every square metre of flat plate 
collector area (Weiss – 2003: p.195). Accordingly, two variants of specific storage volume 
are considered in the ETG-packages: 50 or 100 L /m² collector. The top of the storage is 
maintained at a temperature of 55°C, allowing preparing DHW at 45°C. If the water storage 
tank is also used to cover partly the heating load, the storage tank outlet connected to the 
buffer storage delivers hot water at a minimum temperature of 35°C, respectively 45°C, 
depending on the heating distribution components. 

An alternative for DHW storage is a tank-in-tank arrangement, with a large external non-
drinkable water tank for the space heating and a smaller internal DHW tank.  

Figure 31 shows different variants for DHW preparation with a solar combi storage tank. The 
tanks a) and b) are more common for one- and two-family homes, while the option c) is 
mostly used for larger systems.   

 

Figure 31 – Storage tank (Graphic: Haller 2010) 

 

Buffer storage 

The buffer storage has been integrated in the EG-packages to precisely control the hot/cold 
water temperature sent to the distribution components and to reduce the short on-off cycles 
during the part-load operation conditions (in particular for wood boilers and heat pumps). It is 
a plain steel, non-enamelled vessel with no internal heat exchangers.  



 

 

www.inspirefp7.eu  Seite 48 von 80 

To optimize the load operations of pellets boiler and protect them from short on-off cycles, a 
buffer storage volume between 40-100 liters/kW is recommended. (Schulz 2013). 

In the special case of air-source heat pump, the buffer tank is also used for de-icing cycles, 
by inverting the compression cycle. This phase is required to avoid the HP performance 
decreasing due to ice formations on the surface of the evaporator. The required buffer 
storage volume is sized, assuming that the heat pump operates during 5 to 10 minutes 
without heat distribution. This value corresponds to a volume of 10 – 30 liters/kW heating 
power. For individual residential buildings it is recommended a minimum volume of 50 litters 
or more. (Balkowski 2015)     

4.2 Multi-family residential buildings 

The EG-Packages of multi-family house retained in this project have many similarities with 
those of individual residential buildings. Therefore, only their main characteristics and the 
differences will be detailed in this section. Here also, a total of 160 variants of Energy 
Generation Packages are considered in this section (5 Energy generation components * 4 
photovoltaic installation variants * 4 solar thermal installation variants * 2 storage tank sizing 
variants). 

 

4.2.1 Base HVAC configuration 

The HVAC configuration for Multi-family residential buildings is represented in Figure 32. The 
main difference with individual residential buildings consists in the circulation loop required to 
deliver domestic hot water to the dwellings, according to the legionella regulations (see 
§2.3.2). Moreover, the solar thermal exchangers is not anymore integrated in the storage 
tank but installed outside. 
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Figure 32 – Reference HVAC configuration, basis for the simulation of the different Generation and Distribution 
Renovation Packages 
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Although the water storage solution is represented with a unique storage tank, respectively 
buffer tank, in this configuration, it is not rare to see several storage tanks combined together 
in real installations. 

 

4.2.2 …with different energy generation systems 

The following generation components are considered for multi-family houses according to the 
market research presented in section 2.2 and their suitability for refurbishment shown in 
sections 3.1 and 3.3.  Since heat pumps are reversible, they are presented in the table below 
without any additional cooling component. 

 

Table 15– Selected Energy generation components for multi-family residential buildings 

EG 
component 

Space heating 
supply 

Domestic hot water 
supply 

Space cooling 
supply 

#1 Condensing gas boiler split units 

#2 Wood-pellets boiler split units 

#3 District Heating System substation split units 

#4 Air-source Heat pump 

#5 Ground-source Heat pump 

 

 

4.2.3 …combined with different solar system installation 

In comparison to individual residential buildings, multi-family house buildings have less 
available roof surface relatively to their floor surface area, since they have more storeys. As 
a consequence, the sizing criterion for the solar installations installed on the roof is generally 
the suitable surface, rather than the electrical demand coverage. 

 

Solar thermal system 

The solar thermal field drives renewable heat into the thermal storage tank in parallel with the 
main generation unit; depending on the size of the field, the solar energy is used only for 
DHW preparation or for both heating and DWH preparation. The same typical solar thermal 
panel product considered for individual residential buildings have been considered for the 
sizing. The different installation variants consider coverage of 50%, 75% and 100% of the 
suitable roof surface of a medium multi-family house with solar thermal panels, as shown in 
Table 16. 
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Table 16– Solar thermal collectors configurations-multi-family residential buildings 

Thermal collector configuration Total active area 
(m²) 

Application 

No solar thermal installation 

2 series of 4 collectors 18.4  only DHW preparation 

3 series of 4 collectors 27.6  DHW preparation and space heating 

4 series of 4collectors 36.8  DHW preparation and space heating 

 

Photovoltaic system 

The PV field is used for both driving the generation/distribution systems – namely generation 
units, pumps, valves and backup heater – and covering the building’s electric loads – lighting 
and appliances. The same typical photovoltaic panel product considered for individual 
residential buildings has been considered for the sizing. Similarly to the solar thermal 
installation variants, different photovoltaic installation variants corresponding to different 
coverage of the suitable roof area has been considered in the Energy Generation Packages, 
as shown in Table 17. 

 

Table 17– PV modules configuration-multi-family residential buildings 

PV collector configuration Total active area (m²) Peak power 

No photovoltaic collectors 

21 modules  27.6  around 3kWp 

25 modules  32.4  around 4kWp 

28 modules 36.9  around 5kWp 

 

4.2.4 Storage systems and water temperature levels 

Water storage tank 

If the EG-package does not contain any solar thermal installation, the water storage tank is 
sized according to the number of apartments and their DHW usage (Recknagel 2012). 
Additionally to the individual residential building case, a simultaneity factor is introduced to 
multiply the sum of the apartment peak loads, taking into account the non-concomitance of 
the demand. It varies from 0.86 for multi-family houses with 2 apartments down to 0.5 for 8 
apartments, 0.4 for 20 apartments etc.… 

The two variants of specific storage volumes for solar thermal storage remain the same as in 
§4.1.4. 
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Buffer tank 

The same characteristics and sizing rules apply as in section 4.1.4. In the case of wood 
boilers whose power is bigger than 15kW, a specific buffer storage volume of 60-70 
Liters/kW is recommended. The water storage tank may be combined with the buffer storage 
to reach this requirement. 

 

4.2.5 Integration of Energy Manager and Energy Hubs 

In the framework of the project Inspire, a modular hydraulic system called “Energy Hub”, 
integrating active hydraulic components, sensors, embedded controls and data transfer 
connections, has been developed. This modular Energy Hub may be specialized to serve 
specific functions, such as distribution unit, solar unit, mixer unit etc. Several Energy Hubs 
may be supervised by an Energy Manager, which can control dynamically their set-points 
and regulation strategies) by removing some of their components and parametrizing its 
controls. More detailed may be found in Inspire report D4.6 “Report on control strategies”. 

Several Energy Hubs may be integrated in the HVAC configuration presented in Figure 32, in 
place of the valves, pumps and external exchangers. 

4.3 Office buildings 

In comparison with the HVAC configuration of the residential buildings, the office buildings do 
not present a central DHW preparation system. It is assumed that if a DHW load exists, it is 
so small and dispersed that it can be cover with a decentralized DHW system (direct boiler) 
not represented in the following EG-Packages. 

A total of 20 variants of Energy Generation Packages are considered in this section (5 
Energy generation components * 4 photovoltaic installation variants). 
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Figure 33 – Reference HVAC configuration, basis for the simulation of the different Generation and Distribution 
Renovation Packages for office buildings 

 



 

 

www.inspirefp7.eu  Seite 52 von 80 

4.3.1 Base HVAC configuration 

The HVAC configuration illustrated in Figure 33 provides alternatively space heating or space 
cooling. It is composed of a generation device, a thermal buffer, some hydraulic functions 
and distribution devices. A photovoltaic system may be added also, supplying electricity to 
the system and covering the energy loads for lighting and appliances. 

In comparison with the configurations for residential buildings, this configuration does neither 
include a storage tank, nor solar thermal collectors or distribution of DHW. 

 

4.3.2 …with different energy generation systems 

The table below shows the generation components considered for office buildings, allowing 
to reach the primary energy goals with competitive costs. 

Table 18– Selected Energy generation components for office buildings 

EG 
component 

Space heating supply Space cooling supply 

#1 Condensing gas boiler split units 

#2 Wood-pellets boiler split units 

#3 District Heating System substation split units 

#4 Air-source Heat pump 

#5 Ground-source Heat pump 

 

4.3.3 …combined with different solar system installation 

For offices, solar thermal collectors, which can theoretically be used to provide space heating 
are not considered as a cost-competitive solution. Therefore, they are not considered in the 
selected EG-package. At the contrary, because of the high electrical loads of office buildings 
(particularly in summer because of the air-conditioning), photovoltaic modules are a high 
cost-competitive solution and their integration on the roof or façade of the buildings are 
considered in the EG-package. 

 

Photovoltaic system 

The limiting parameter for the facade is the glazed area, which is 30% for buildings of period 
I and 60% for buildings of period III. Additional information of the buildings can be found in 
Deliverable D2.1a (Survey on the energy needs and architectural features of the EU building 
stock). The following table show the characteristics of the photovoltaic modules considered 
within the project. 

 

4.3.4 Storage systems and water temperature levels 

The system is composed of a buffer storage tank (See section 4.1.4), which is heated by the 
generation device. Depending on the distribution device, the hot water is supplied at 35°C 
and 45°C. 
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Table 19– PV modules configuration-office buildings 

 

Construction 
period 

Number 
of floors 

Number of 
office cells 
per floor 

Available 
area, m² 

PV area, m² 

 
30% 60% 90% 

Facade 

1 (Low-rise 
masonry office 

building) 

3 
6 85.1 25.5 (3 kWp) 51 (7 kWp) 76.5 (10 kWp) 

12 170.1 51 (7 kWp) 102.1 (14 kWp) 153.1 (20 kWp) 

5 
6 141.8 42.5 (6 kWp) 85.1 (11 kWp) 127.6 (17 kWp) 

12 283.5 85.1 (11 kWp) 170.1 (23 kWp) 255.2 (34 kWp) 

7 
6 198.5 59.5 (8 kWp) 119.1 (16 kWp) 178.6 (24 kWp) 

12 396.9 119.1 (16 kWp) 238.1 (32 kWp) 357.2 (48 kWp) 

3 (Metal and 
glass facade 

office building) 

3 
6 48.6 14.6 (2 kWp) 29.2 (4 kWp) 43.7 (6 kWp) 

12 97.2 29.2 (4 kWp) 58.3 (8 kWp) 87.5 (12 kWp) 

5 
6 81.0 24.3 (3 kWp) 48.6 (6 kWp) 72.9 (10 kWp) 

12 162.0 48.6 (6 kWp) 97.2 (13 kWp) 145.8 (19 kWp) 

7 
6 113.4 34 (5 kWp) 68 (9 kWp) 102.1 (14 kWp) 

12 226.8 68 (9 kWp) 136.1 (18 kWp) 204.1 (27 kWp) 

Roof     
25% 35% 50% 

  
6 162 40.5 (5 kWp) 56.7 (8 kWp) 81 (11 kWp) 

    12 324 81 (11 kWp) 113.4 (15 kWp) 162 (22 kWp) 
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5 Assessed Energy Distribution Packages 

This section presents several Energy Distribution (ED) Refurbishment Packages, adapted to 
the Energy Generation Refurbishment Packages presented previously, which have been 
selected for further investigations in the Project Inspire 

Here also, the main classification is the building type. Nevertheless, other criteria, such as 
ownership structure (one main owner/multi-owner), need for air humidity control, or energy 
use (heating, heating and DHW, heating and cooling) are also useful for the selection of an 
adapted Energy Distribution Refurbishment Package for a given refurbishment case. 

5.1 Individual residential buildings 

5.1.1 Domestic Hot Water distribution 

In the ED-packages for individual residential, the water volume contained in the piping 
system connecting the storage tank heat exchanger and the DHW consumption place is 
lower than 3 litres. Consequently, the legionella regulation does not require a DHW 
distribution solution with water circulation.  Tap cold water enters the bottom of the storage 
tank, is warmed up to 45°C in the internal exchanger of the storage tank and directly 
distributed inside the DHW consumption places. 

 

5.1.2 Space heating and cooling distribution 

Based on the market research (§2.2) and on the study of energy distribution components 
suitable for refurbishment (§3.1 and §3.3), three different heating and cooling distribution 
solutions have been selected, as represented in the table below: 

 
ED 
Solution 

Space heating supply Space cooling supply 

#1 Radiators split units 

#2 Radiant ceiling 

#3 Fan coils 

 
Radiators 

In many residential buildings to be refurbished, radiators are already installed, with a 
potential remaining lifespan of more than 30 years. It is then economically interesting to 
reuse them as well as the heating piping loop in the ED-package, possibly with lower water 
temperature levels to higher the energy efficiency of the whole heating system. 

New low-temperature radiators (efficient with operating temperatures down to 35°C) are also 
interesting options. The total space heating capacity of the units is matched to the 
building/dwelling peak power by varying their length. The length of each unit is checked to 
avoid unreasonable solutions. 
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However, radiators being only heating terminal units if the building present a space cooling 
demand (mainly in southern European climates), the ED-packages must additionally include 
a cooling terminal units, such as split units. 

 

Split units 

Split unit are common solutions to cover the space cooling demand in residential buildings of 
South European countries. They diffuse the required cooling through convective exchanges. 
Since their thermal capacity is strongly dependant on the outside air temperature, it is sized 
considering design temperature corresponding to the maximum yearly value. 

Further details can be found in 6.9. 

 

Radiant ceilings 

In comparison with conventional radiators which diffuse the required heating mostly through 
natural convection (70% of heating exchanges), radiant ceilings diffuse energy mostly 
through radiant exchanges (80% of the heating exchanges) to the persons, walls and floors 
present inside a room, and require much lower inlet water temperature (30-35°C against 45-
60°C). The TRIPAN radiant ceiling kit developed in the framework of the project Inspire 
present a nominal capacity of about 150 W/m in heating mode and about 100 W/m2 in 
cooling mode (for a ∆θ of 15, respectively 10°C). The surface of radiant panel per zone is 
consequently calculated in order to cover the building/dwelling space heating and cooling 
loads. It results a covering of the ceiling with active radiant ceiling of 25% to 75%, depending 
on the refurbishment standard. 

 

Fan coils 

They are simple components which consist of a water-to air heat exchanger, a filter and a 
fan. In their two-pipe variant, mostly used in individual residential buildings, they may provide 
successively heating and cooling depending on the demands. They also allow dehumidifying 
the room air. More details in 6.11. 

 

5.1.3 Lighting distribution 

An innovation brought by the project Inspire consists in integrating the lighting luminaires into 
a radiant ceiling solution, in order to benefit from the synergies between both energy systems 
in term of thermal exchanges, costs and easiness of installation. (See section 5.1 of 
Deliverable 4.1”Report on artificial lighting solutions” for detailed information). For the lighting 
solution, the LED technology has been selected, presenting many assets in comparison with 
other light sources in term of life cycle analysis and of primary energy consumption. 

According to experience, residential users are used to live in poorly illuminated environments 
(average 50lx), Since it is not necessary to increase the illuminance levels as required in 
office applications (300-500 lx), the project iNSPiRe propose increasing illuminances 
according to specific tasks per zone; which is absolutely necessary for an improved visual 
comfort; instead of increasing the average illuminance, which would contradict the idea of 
reducing energy. 
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iNSPiRe focuses on two approaches for maximizing flexibility: 

 A ceiling panel with integrated radiant heating/cooling and integrated iNSPiRe luminaires; 
fully integrated at manufacturer’s site. 

 A ceiling panel with integrated radiant heating/cooling and the possibility to include any 
arbitrary luminaire at construction site (installation on-site by owner or craftsmen). So the 
user has full flexibility to fulfil his lighting design preferences (arbitrary luminaire means, 
iNSPiRe luminaires or any other product). 

5.2 Multi-family residential buildings 

5.2.1 Domestic Hot Water distribution 

In the ED-packages for multi-family buildings, the water volume contained in the piping 
system which links the heat exchanger of the storage tank and the different DHW 
consumption locations generally overcomes the 3 liters criteria of the legionella regulation. 
Consequently, a DHW distribution solution with water circulation is required. 

A fresh water station enables the heat exchange between the primary circuit and the dwelling 
of the multi-family building for the DHW preparation. It consists of hydraulic components 
(heat exchanger, valves and pumps) and electronic components (controls and possibly 
metering). More information is available in 6.13. 

In case of combined centralized heating and DHW supply (as well as cooling supply 
possibly), a satellite modules (also called end-user station) may be installed instead of the 
fresh water station. Besides separating the primary circuit from the dwelling circuits, such a 
station represent an interesting metering solution, to split the energy bill between the building 
occupants, according to their real own consumption. More information is available in 6.14. 

 

5.2.2 Space heating and cooling distribution 

The design of the heating/cooling distribution is very specific to the building and its 
dwellings/offices intern configuration. For multi-storey buildings, the heating/cooling piping 
loop generally follows either the vertical or the horizontal loop configurations as presented in 
the Figure 34. 

  

Figure 34 – Horizontal and vertical heating/cooling loop configuration (source: Krimmling - 2014:p.144). 
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Horizontal loop configurations are widely used for building refurbishment, requiring much less 
installation effort/costs: no holes through the intermediary floors are required contrary to the 
vertical loop configuration, only few raisers are generally installed in the stair case.   

At each storey level, hot/cool water is distributed to every terminal unit present in the different 
rooms. In the case where terminal units are installed below the windows (e.g. typical for 
radiators and convectors), a storey “peripheral” distribution (see Figure 35) is generally the 
shortest and cheapest solution, while for buildings with fan coils, typically installed close to 
the room door, the storey “star” distribution (see Figure 36) is often more appropriate. 

 

Figure 35 – Storey “peripheral” distribution. 

 

Figure 36 – Storey “star” distribution. 

In the case of decentralized systems (e.g. split units), no distribution loop is obviously 
required. 

The terminal devices are the same than for individual residential buildings. 
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5.3 Office buildings 

The DHW loads in office buildings are usually low or inexistent (reflecting the density of DHW 
consumption places) that a central DHW preparation installation is not worth generally. In 
practice, in the cases where DHW is used in office buildings, a small individual electrical 
boiler is installed directly in the consumption place. For these reasons, the DHW preparation 
part is not considered in the retained ED-packages of office buildings  

 

5.3.1 Space heating and cooling distribution 

The space heating and cooling distribution solutions selected for office buildings in the 
Inspire Project are the same than for Multi-family houses.  

 

5.3.2 Lighting distribution 

Office lighting is today dominated by fluorescent luminaires. Highest efficacy cannot be 
achieved by replacing lamps. It is again the integral design of LED luminaires that achieves 
highest efficiency in near term future. 

Based on standard ceiling structures of 60x60cm² plasterboard elements, the idea of 
installing LED points in each of these elements was born. For current maximum lumen 
packages per point, this would result in 54 installations for a 21m² room. In comparison, for 
linear elements, it is sufficient to install only 2 downlights and 4 wall washers. This fact 
reasons the installation of linear elements instead of point like luminaires. 

Further reduction of panel integration and maintaining flexibility for user is proposed by 
including the main luminaire (called window luminaire) for office illumination in the façade 
and using the ceiling structure for both day- and artificial lighting. The transparent façade is 
going to integrate a daylight redirecting lamella, which is redirecting onto the ceiling. A 
standard white or diffuse surface does not allow specific daylight illumination levels on 
working plane. Therefore the surface on the ceiling, in this case, the surface of the heating or 
cooling panel is designed for working as day- and artificial light distributor. For daylight 
purpose this approach is financially inefficient, but a synergetic use with the artificial lighting 
system is beneficial. 

In times of low daylight availability the main luminaire will feed the illuminance levels with 
adapted intensity and colour temperature (adapted to the exterior daylight scene (e.g. cold 
white or warm white at specific times of the day) or adapted to circadian demands (activating 
at specific times). The panel will be installed perpendicular to the façade, as island or full 
installation. More details in the section 5.2 of Deliverable 4.1”Report on artificial lighting 
solutions”. 
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6 Review of relevant technologies for EG and ED packages 

6.1 Gas condensing boilers 

Technology description: 

Gas-fired condensing gas boilers convert gas or 
biogas mixtures in hot water 

Condensing boilers work on the principle of a cooler 
return temperature of 50-55 degrees Celsius, which 
extract the heat from the exhaust flue in the heat 
exchanger, forming condensation.  

In certain European country like UK, all gas and oil 
fired boilers installed must be condensing boilers, 
whether they are replacements or new installations. 

 

 

Figure 37 – Gas-fired condensing boiler – 
Vaillant. 

Main system components: 

Beside the boiler, the required peripheral components are a water storage tank (not 
indispensable, it is often required in particularly because of high DHW peak loads); 
circulation pumps and a chimney for exhaust gas. 

Main features 

Operational features 

 Thermal capacities’ range: all 

 Generated operating temperatures: 40 – 
60°C (if the return water temperature is 
over 55°C, the condensing mode is not 
used anymore, resulting in a efficiency 
degradation of 10%) 

 Nominal efficiency: 95 – 105% (Lower 
Heating Values) 

 Primary Energy Ratio: 0.8 (more if 
biogas) 

Economic features 

 Investment costs range: available from 
1800€. Average price with the option of 
solar thermal connections is around 3500 
and 5000€ (Schulz 2013).   

 Maintenance: 3.5% of investment costs 

 Life time: 18 – 20 years 

SWOT analysis 

Strengths 

 Small place requirement 

Weaknesses 

 A gas connections is required 
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 Relatively low investment costs 

 Matured and robust technology 

 High availability 

 Compatible with all building uses and 
climatic conditions 

 A chimney is required 

 Its Primary Energy Ratio is not so high 
than renewable technologies 

 Heating temperature must be under 
60°C 

 

Opportunities 

 The natural gas infrastructure in Europe 
is already dense and well developed 

 Could consume bio-methane in the 
future  

Threats 

 The governmental subsidies for 
renewables technology and the 
challenge of CO2 emissions might 
reduce the gas-fired condensing boiler 
market 

 

6.2 Biomass boilers 

Technology description: 

Biomass boilers provide space heating by combustion 
of biomass, e.g. wood pellets, wood chips, logs or 
grain. There are various solutions for fuel storage, fuel 
feeding and ash removal. Depending on power output, 
system layout and auxiliary installations, domestic hot 
water may also be provided. 

 

 

Figure 38 – Fröling P4 Pellet Boiler – 
Tarm Biomass. 

Main system components: 

Boiler, feeding mechanism (various technologies available), heat exchanger, lambda 
combustion control, ash removal mechanism (various technologies available), thermal 
store, fuel store and chimney 

Main features 

Operational features 

 Thermal capacities’ range: 10 – 150 kW 
for local domestic boiler 

 Generated operating temperatures: 45 -

Economic features 

 Investment costs range: Pellet boilers 
are available from 3000€, excluding 
storage costs. Wood gasification boilers 
cost between 4000 and 12000€ (2000-
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55 °C 

 Nominal efficiency: 85-90 % 

 Primary Energy Ratio: 7.7 – 42.5 with 
woodchips, 1.6 – 6.1 with wood-pellets 

3500€ should be added for chimney 
construction) (Schulz 2013).   

 Maintenance: 6% of investment costs 

 Life time: 15 years 

SWOT analysis 

Strengths 

 Established and proven technology 

 Low and stable fuel costs 

 Suitable for all types of buildings and all 
climatic conditions 

 Low Primary Energy Factor 

 Easy to transport fuel, i.e. not regionally 
fuel dependent 

Weaknesses 

 Large space required for boiler, thermal 
storage tank and fuel store 

 A chimney is required 

 Needs regular maintenance, such as ash 
removal (if not automatic) 

 

Opportunities 

 Suitable for replacing existing fossil fuel 
boilers, short pay-back time 

 Resource efficient way of handling 
forestry waste 

 Combinable with solar thermal collectors 

Threats 

 Limited long-term availability of fuel 

 

6.3 District heating system substation 

Technology description: 

With district heating, a central heating plant can 
provide heat to a large number of households spread 
over a wide area. Hot water is distributed at high 
pressure to the customers, heating each dwelling 
either directly or through local substations with heat 
exchangers. The distribution system can be either 
closed, circulating the hot water back to the heating 
plant or open, draining hot water at the customers and 
replacing it with fresh water at the heating plant. 

The central heating plant may consume fuel wood, 
wood waste, MSW, industrial waste, waste heat, 
natural gas, biogas, peat, coal, oil, electricity (varies a 
lot between countries and regions).  

Figure 5 – District heating substation for 
multi-family houses – Alfa Laval 
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Main system components: 

Heat exchanger (2 if serving both space heating and DHW), pump, pipes and valves, 
control system. A storage tank is usually not necessary, unless the DHW use has 
exceptionally high peaks (e.g. shower rooms in sport halls) or the dimension of the district 
heating connection is too small. 

Main features 

Operational features 

 Thermal capacities’ range: from 10 kW 

 Generated operating temperatures: 50 – 
60°C at substation 

 Primary Energy Ratio: depends on 
energy source, e.g. wood waste: 30; fuel 
oil: 0.9; industrial waste heat: → ∞; 

Economic features 

 Investment costs range: moderate  

 Maintenance:  3 % of investment costs 

 Life time: more than 50 years for the DH 
network, 20 to 25 years for substations. 

SWOT analysis 

Strengths 

 Established and proven technology 

 Wide range of power supply 

 Suitable for all types of buildings and all 
climatic conditions 

 Can also be used for district cooling 

 Not much space needed for the 
substation 

 Convenient for customers during 
operation 

 Low Primary Energy Factor (depending 
on energy source) 

Weaknesses 

 Requires district heating to be readily 
available in the area 

 Investment cost for DH network is high 

For existing buildings, a careful planning 
is necessary for conversion from 
individual heating, which depend on 
system used previously 

Opportunities 

 Suitable for areas with CHP plants 

 Possible to use industrial waste heat 

 

Threats 

 Negative attitudes towards “old” 
technology 

 Negative attitudes towards public energy 
systems 

 No possibility of switching to a different 
supplier 
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6.4 Compression Heat Pumps 

6.4.1 Air-source heat pump 

Technology description: 

Air-source heat pumps (ASHP) are heat pumps of 
the air-to-water type.  

In an air-to-water system, heat is taken from the 
outside air and delivered to a water-based indoor 
system of radiators or fan coils.  

Alternatively to outside air, exhaust air may also be 
the heat source, recovering heat otherwise lost 
from the dwelling. Blending exhaust air with 
ambient air will increase the source air temperature 
but may accelerate the build up of frost in the 
evaporator. (Stryi-Hipp 2016). 

Reversible heat pump may also produce cold 
water in summer to cover the cooling demand. 

 

Figure 39 – Air-to-water heat pump (Source: 
BWP e.V.) 

 

Figure 40 – Elco, Model Aquatop T  

Main system components: 

Beside the compression heat pumps, a water storage tank is required as peripheral 
component to soften the peak loads and avoid the low-cycles which degrade the heat 
pump performance. 

Main features 

Operational features 

 Thermal capacities’ range: from 1 kW for 
micro-heat pump to industrial power 
range. 

 Generated operating temperatures: 
generally 30 – 50°C in heating mode. 5 – 
15°C in cooling mode 

 Primary Energy Ratio: 0.96-1.36 
depending on the climate region (based 
on SPF:2.4-3.4; CED:2.5 – Nouvel 2015) 

Economic features 

 Investment costs range: heat pump 
4000-10000€, connections to heat 
source 250-500€, storage 1000-2500€ 
for 160m² and heating demand between 
28-50kWh/m²a (Schulz 2013).   

 Maintenance: 2.5% of investment cost 

 Life time: 18-20 years  

SWOT analysis 

Strengths 

 Unlimited availability of heat source air 

Weaknesses 

 Lower COP during winter peak load, 
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 Low investment costs in comparison with 
other kind of heat pumps 

 Faster installation than ground source 
heat pumps  

 Suitable for low heating and DHW 
demand, as well as cooling demand if 
the heat pump is reversible 

when the outside temperature is the 
lowest 

 Additional back-up heating is required 

 No storage effect, no free cooling in 
summer 

 Noise pollution 

Opportunities 

 The mainstream part of the heat pump 
markets will be based on using air as the 
main energy source, due to the 
promotion of the use of RES, the aim to 
reduce overall primary energy demand 
and the declining primary energy factor 
for electricity (Stryi-Hipp 2016), 

Threats 

 Accentuate the electricity peak load 
during the coldest winter day (risk of 
black out if air-source heat pump 
become mainstream) 

 Warm up the outside air in summer (risk 
of Urban heat island effect in summer if 
the heat pump become mainstream) 

 

6.4.2 Ground source heat pump (GSHP) 

Technology description: 

Ground source heat pump (GSHP) is a heat pump of 
the water-to-water type, which uses the ground heat 
(geothermal energy) as energy source. This energy is 
extracted from the ground through closed pipe loops 
buried mainly horizontally in trenches or in vertical 
boreholes, which are connected to the heat pump 
evaporator. 

The fluid circulating in the close loop is generally a 
water/propylene glycol or acceptable equivalent 
antifreeze mixture. However, some direct-acting 
GSHPs will use refrigerant in the closed loops (Stryi-
Hipp 2016), 

 

 

Figure 41 – Ground source heat pump 
(Source: BWP e.V.)  

Main system components: 

Beside the compression heat pumps, the required peripheral components are geothermal 
heat exchangers (generally horizontal or vertical) and a water storage tank in order to 
soften the peak loads and avoid the low-cycles which degrade the heat pump 
performance.  

 

Main features 

Operational features 

 Thermal capacities’ range: from 5 kW to 

Economic features 

 Investment costs range: heat pump 
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industrial power 

 Generated operating temperatures: 30 – 
50°C in heating mode. 5 – 15°C in 
cooling mode ?Nominal efficiency: COP 
1.4-3.2 

 Primary Energy Ratio:1.2 - 1.84 
depending on the climate region (based 
on SPF:3-4.6; CED:2.5 - Nouvel 2015) 

4000-8000€, geothermal heat exchanger 
5000-7000€, storage 1000-2500€ for 
160m² heating area and heating demand 
between 28-50kWh/m²a (Schulz 2013).   

 Maintenance: 2.5% of investment cost 

 Life time: 18-20 years 

SWOT analysis 

Strengths 

 Not impacted by daily changes of 
ambient temperature 

 Small place requirement in the technical 
room 

 Excellent performances and PER  

Weaknesses 

 Relatively high investment costs, mainly 
due to the geothermal heat exchanger 

 Available ground area for horizontal 
collectors can be limitative 

 Cost of well drilling may be prohibitive,  

 Might need permission from authorities 

 

Opportunities 

  These heat pumps are suitable for new 
buildings as for the refurbishment of 
existing buildings (preferably with vertical 
bores). 

 Heat pump performances are not 
influenced by the extreme air 
temperature variations, caused by 
climate changes. 

Threats 

 Depending on the ground structure, 
drilling investment costs may rise even 
higher 

 Ground-source heat pump as the 
reputation of “most expensive heating 
technology”.  

 

 



 

 

www.inspirefp7.eu  Seite 66 von 80 

6.5 Gas adsorption heat Pumps 

Technology description: 

A gas adsorption heat pump combines condensing 
boiler technology with a heat pump module.  

A basic adsorption heat pump cycle consists of 
four main parts: an adsorber, which is a container 
filled with an adsorbent (such as zeolite, active 
carbon, silica gel, etc.); a condenser; an 
evaporator; and an expansion valve. 

Basically, adsorption heat pump operates by 
cycling adsorbate between adsorber, condenser, 
and evaporator. The adsorption heat pump cycle 
works between three temperatures levels, one of 
this corresponds to the heat produced by the gas 
condensing boiler which is employed to run the 
heat pump, while the low temperature heat source 
may be come from solar thermal collectors or 
geothermal heat exchangers.(Demir 2007) 

 

 

Figure 42 – Gas fired heat pump (Source: 
BINE 2015) 

Main system components: 

Beside the gas adsorption heat pump, the required peripheral components are a water 
storage tank, circulation pumps, a chimney for exhaust gas and a heat source which can 
be solar thermal collectors or geothermal heat exchangers. 

Main features 

Operational features 

 Thermal capacities’ range: from 10 kW 

 Generated operating temperatures: 
typically between 35/28°C to 55/45°C 

 Primary Energy Ratio: 1.1 – 1.3 

Economic features 

 Investment costs range: 6000 – 10,000 € 
for 15 kW gas adsorption boiler, costs of 
solar thermal collectors / geothermal 
heat exchanger are additional 

 Maintenance: 4.5 % of investment cost 

 Life time: 15 years  

SWOT analysis 

Strengths 

 They are 30% more efficient than purely 
gas-fired condensing technology.  

 They are also available for single-
occupancy dwellings, especially those 
with surface heating system  

 Since they do not use additional 
mechanical parts they are less noisy 
than compression heat pumps and 

Weaknesses 

 High total investment costs 

 Performance depending on weather 
conditions when connected with solar 
thermal collectors (problematic during 
the night) 

 have large volume and weight relative to 
traditional mechanical heat pump 
systems 
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require less maintenance 

 Can operate with diverse thermal driving 
energy sources such as waste heat, 
solar and geothermal energies, etc. 

 Can be employed as thermal storage 
device 

 In comparison with gas-fired boiler, they 
require an additional heat source (solar 
thermal or geothermal heat exchanger) 

Opportunities 

 More and more big HVAC manufacturers 
are entering this market, creating more 
concurrence and then lowering the 
prices. 

Threats 

 Technology concurrence both by gas 
boilers and compression heat pumps. 

6.6 Micro-cogeneration (micro-CHP) 

Technology description: 

Micro-CHP stands for micro Combined Heat and 
Power system, whose power range is suitable for 
residential application. This system generates heat 
and electricity simultaneously, from the same 
energy source (generally gas or biogas). 

Presently, two micro-CHP technologies prevail in 
residential building: Gas-Engine CHP which uses 
internal combustion, and Stirling engine Micro-CHP 
which are externally heated and have therefore 
multi-fuel capability (e.g. gas, biogas, wood 
energy) 

 

Figure 43 – Micro CHP (Source: 
Lowenergyhouse.com)  

Main system components: 

Beside the micro-CHP engine, the required peripheral components are a water storage 
tank (not indispensable, it is often required in particularly because of high DHW peak 
loads), circulation pumps and a chimney for exhaust gas. 

Main features 

Operational features 

 Thermal capacities’ range: 5 to 100kWel.  

 Generated operating temperatures: 50 – 
70°C 

 Nominal efficiency: electrical efficiency of 
25-35% and thermal efficiency of 50-65% 

 Primary Energy Ratio: From 0.47 to 1.1 

Economic features 

 Investment costs range: 1 700 - 2 700 
euro per kWe.(SETIS) 

 Maintenance: 2 to 4 ct/kWhel.  

 Life time: 15 years 
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for gas-fired CHP, depending on the own 
consumption of produced electricity. 
Much higher for Stirling engine fired with 
renewables. 

SWOT analysis 

Strengths 

 Autonomy: CHP can be designed to 
provide high-quality electricity and 
thermal energy to a site regardless of 
what might occur on the power grid, 
decreasing the impact of outages and 
improving power quality for sensitive 
equipment 

 Efficiency: If both heat and electricity are 
consumed on-site, CHP represent a very 
energy efficient solution, and may lead to 
sizeable savings particularly in countries 
where the electrical price is high 

 Stirling Engines have a multi-fuel 
capability: many renewable fuels (biogas, 
wood energy, etc.) can be used.  

Weaknesses 

 Competitiveness: Coherent regulatory 
policies may not support the 
competitiveness of CHP. As CHPs are 
driven by heat demand, in some 
applications they only run efficiently 
during part of the year or part of the day 

 Grid connection and integration not yet 
well developed 

 Micro-CHP units, particularly of below 20 
kWe capacity, are still largely in the R&D 
and demonstration phase   

 Must be cooled even if recovered heat is 
not used  

 High levels of low frequency noise  

Opportunities 

 Demonstration projects and financial 
mechanisms could be used to stimulate 
the mass production of micro-CHP and 
as well as build up their service 
infrastructure.  

Threats 

 Policy: A low degree of regulation 
harmonisation and relatively high start-up 
costs are also slowing development, as 
well as barriers to grid access and 
system integration coupled with lower 
electricity prices following market 
liberalisation 

 Markets: Uncertainties about fuel prices 
have also inhibited investment recently, 
as market liberalisation has increased 
competition. Regulatory issues regarding 
grid access and connection are inhibiting 
the growth of medium-sized CHP 
systems, while grid connection and 
integration could be an even greater 
problem for the large scale growth of 
micro-CHP. 

 residential micro-CHPs are in 
concurrence with PV systems 
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6.7 Solar thermal collectors 

 Technology description: 

Solar thermal collectors convert solar 
radiation into heat, which is then driven to a 
storage system or a heat sink through a 
heat carrier flowing through the collector. 

 
Different technologies and designs exist for 
different applications. Flat plate collector is 
by far the most popular collector 
technology, before evacuated tube 
collector. The description below 
corresponds to this collector technology. 

 

Figure 44 –Glazed flate plate collector 
(www.greenspec.co.uk) 

 Main system components: 

A thermal collector is composed of an absorber in a flat regular housing. The collector is 
thermally insulated on its back and edges, and it is provided with a transparent cover on 
the upper surface. Two pipe connections for the supply and return of the heat carrier are 
fitted, usually at the side of the collectors.  

Main features 

Operational features 

 Circulating fluid: mixture of water and 
glycol   

 Heating operating temperature: 35°C – 
70°C for heating and production of DHW. 
Stagnation temperatures until 200°C 

 Primary Energy Ratio : → ∞ (without 
including circulation pumps and back up 
heater) 

Economic features 

 Investment costs range:250-300€/m² 
(DGS 2005) 

 Maintenance: 1.5% of investment costs 

 Life time: more than 20 years for 
collectors. 10 years for controls and 
pumps 

SWOT analysis 

Strengths 

 Good performance at higher 
temperatures (typical temperatures for 
domestic hot water) 

 Offers multiple mounting options: roof, 
façade and free installation 

Weaknesses 

 Intermittence and Seasonality 

 A supporting mounting is necessary for 
flat roof mounting (with anchoring or 
counterweights) 

Opportunities 

 Solar heating systems can be combined 
with all other heating systems such as 
gas and oil. Linked with a wood pellet 
boiler system, almost 100% renewable 

Threats 

 New neighbour constructions may cause 
solar obstructions on already installed 
solar panels  
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heating is possible. 

 EU environmental policy and subsidy 
programmes 

 

6.8 Photovoltaic modules 

Technology description: 

Photovoltaic electricity is produced by 
semiconductor devices capable of directly 
converting the incident solar energy into DC 
current. Individual wafers are sliced from 
ingots using wire saws and then subjected 
to a surface etching process. In this 
process, the cell adopts an individual shape 
so as to fit it with others installed on the 
same panel. The voltage across a single 
wafer is typically 0.5V at a current of 5A. 
These wafers are grouped in a series–
parallel connection to form a module or 
solar panel. One or more of the solar 
modules constitute a solar array to form a 
power system. 

Three most common types of cells are 
Monocrystalline, Amorphous thin-film and 
Polycrystalline (Farret 2013). 

 

Figure 45 –Photovoltaic modules (Source: Wagner 
solar)  

 Main system components: 

The whole solar power system is usually constituted of additional items including: 
structures or support of light metal such as aluminium, sun trackers, power converters, 
bank or set of batteries, indicator of battery charge level, and points of load consumption. 
Furthermore, the photovoltaic plant needs a place where the solar panels will be 
positioned, which should be an open area without constant shadows and close to the 
points of load consumption or to the grid to avoid mismatch losses and unexpected 
operations. (Farret 2013) 

Main features 

Operational features 

 Nominal efficiency:  typically between 5% 
(amorphous) and 20% (monocrystalline) 

 Primary Energy Ratio : → ∞ (without 
including auxiliary consumptions) 

Economic features 

 Investment cost range: Monocrystalline 
and Polycrystalline 1100-1500€/kWpeak, 
Amorphous thin film 900-1100€/kWpeak. 
Power converters 300-600€/kWpeak. 
Structures and installation 120-
180€/kWpeak. (Schulz 2013).  In total 
between 1600-2100€/kWpeak with a 
decreasing tendency 
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 Maintenance:1-1.5% of investment costs  

 Life time: PV modules more than 20 
years, power convertor 10 years  

SWOT analysis 

Strengths 

 Clean energy, infinite PER 

 Easy to install 

 Autonomy: provide high-quality electricity 
to a site regardless of what might occur 
on the power grid, decreasing the impact 
of outages and improving power quality 
for sensitive equipment 

Weaknesses 

 Intermittence and Seasonality. Not 
available after the sunset or during bad 
weather conditions. A large battery is 
necessary to increase the own electricity 
consumption 

 Efficiency decreases during the hottest 
days, when the air temperature rises 

 Losses of energy converter DC/AC (4-
12%) to generate electricity to house 
appliances which have a converter 
AC/DC. 

Opportunities 

 Highest energy yield in southern 
European climates, where the air-
conditioning consumption is the highest 

 PV installation on tierce roofs 
(neighbours or public installation) 

 Global production price always more 
competitive compared to fossil fuels  

Threats 

 Sizeable investment which may be 
repulsive if no adapted local financing 
mechanisms are set. 

 PV systems are in concurrence with 
micro-CHPs 

 PV panel recycling process not prepared 
yet 

 

 

 



 

 

www.inspirefp7.eu  Seite 72 von 80 

6.9 Split Units 

Technology description: 

A split system is an assembly of refrigeration 
system components installed on two mountings 
that form a functional unit. This kind of system 
includes two terminal units (an outdoor and 
indoor unit) bonded only by refrigerant flow 
pipes and an electrical cable. The outdoor unit 
comprises a condenser, a compressor and the 
expansion valve, while the indoor unit includes 
the evaporator, air filter and ventilator.  

 

 

Figure 46 – Split unit – Source: Evasolk  project 

   

Figure 47 – Split unit – Source: (Pezzutto S.)  

  

Main features 

Operational features 

 Thermal capacities’ range: typically 2-5 
kW 

 Nominal efficiency: EER = 2.5-4.5 

 Primary Energy Ratio: 0.8 – 1.5 

Economic features 

 Investment costs range:450-3350€ 

 Maintenance: 4% of investment costs 

 Life time: 12 years  

SWOT analysis 

Strengths 

 They are suitable for retrofitting in 
existing buildings, due to the small 
installation space required and also due 
to the small cable cross-sections 

 The noise level is low indoors, because 
the compressor is installed with the 
condenser in the outdoor unit 

 Decentralised room cooling 

 

Weaknesses 

 May accentuate Urban Heat Island effect 
(with its hot exhaust air) in southern 
climates. 

 Performance decreases during the hottest 
days, while we need the more these 
devices 

 Their installations require a hole in the 
building envelope, affecting the airtightness 
of the building 

 The external unit affect the aesthetics of 
sensible facade 

 

Opportunities 

  May be subsequently installed in rooms, 
whose cooling load would increase 

Threats 

 Global warming and urban heat island 
effect may increase the external 
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following additional internal gains or 
climate change 

temperature, decreasing the performance 
of such a system. 

 

6.10 Radiators 

Technology description: 

A radiator is a heat exchanger in which hot water 
flows through exposed pipes (in some cases attached 
to additional devices such as fins to increase the 
surface area). Heat is transferred to the room air by 
convection (~60%) and radiation (~40%).  
The radiator warms the surrounding air, the heated air 
rises, drawing cool air into and through the radiator 
from underneath. This movement of air sets up 
vertical currents that distribute heated air through the 
room.  

 

Figure 48 – Radiator – Source: Stelrad 

Main features 

Operational features 

 Circulating fluid: water 

 Heating operating temperatures: typically 
between 70/50°C and 45°C/35°C. 

Economic features 

 Investment costs range: 40-120€/m² 
(Schulz 2013).   

 Maintenance: 1% of investment costs 

 Life time: 30-40 years 

SWOT analysis 

Strengths 

 Small place required 

 Low water content required 

 Good  specific heating capacity 

 Inexpensive 

Weaknesses 

 Dust accumulation among convector 
plates 

 Limited cleaning possibilities 

 Required operation temperatures higher 
than for concurrent distribution system 

 Localized vertical air circulation 

 Does not allow to distribute cooling  

Opportunities 

 Given the long lifespan of radiators, old 
radiators may be reused after a 
refurbishment operation, possibly with 

Threats 

 If the circulating water is not well treated, 
intern corrosion may slowly decrease the 
performance and increase the pressure 
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lower operation temperatures losses  

 

6.11 Fan coils 

Technology description: 

Fan coil is a distribution component which consists 
of a water-to air heat exchanger (cooling coil), a 
filter and a fan. It may work in heating and cooling 
mode and allows dehumidifying the air in summer. 

 
Buildings air dehumidification is achieved if the 
chilled water supply temperature is lower than the 
dew point temperature of the air in the building. 
Then the low fan coil temperatures will condensate 
the moisture contained in the hot air, thus 
dehumidifying and chilling the air. 
Mainly two types of fan coils exist: 
- two-pipe fan coils, which allow only to heat or to 
cool in a given time of the year in one building 
- four-pipe fan coils, which allow to heat and cool 
simultaneously the building, depending on the 
room loads. (Kolenbach 2014) 

 

 

Figure 49 – Ceiling mounted fan coil with hot 
air inlet at the bottom and chiller air outlet at 

the top – Source: LTG air tech systems

 

Figure 50 – Centralized air-conditioning 
system (e.g. air-to-water system) including 

Fan coil – Source: (Pezzutto S.)   

Main features 

Operational features 

 Circulating fluid: water 

 Heating operating temperature: from 
70/50°C, to 40/30°C 

 Cooling operating temperature: typically 
6/15°C;  

 Specific cooling capacity: 1-12 kW per 
unit for volume flows of 150-1800m³/h 
respectively. 

Economic features 

 Investment costs range: from approx. 
300-500€ depending on size 

 Maintenance: 5% of investment costs 

 Life time: 8-12 years 

SWOT analysis 

Strengths 

 Due to their simplicity, fan coils are more 
economic to install than ducted or central 
cooling or heating systems  

 Control room humidity in summer 

 Create an air movement, which can 

Weaknesses 

 Can be noisy because of their fan 

 Create an air movement which can 
create local discomfort, particularly in 
winter 

 Require an important maintenance (air 
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extend the thermal comfort zone in 
summer 

 Installation as retrofit possible 

filter change) 

 

Opportunities 

  May act also as air dehumidifier. 

Threats 

 

 

 

6.12 Radiant ceiling panels 

Technology description: 

Radiant ceiling panels may be used for space heating 
and cooling, suspended under the ceiling. They transfer 
heat/cool mainly by radiative exchange (70-80%). They 
are mainly composed of a radiant surface facing the 
room (generally with a high emissivity); a pipe 
serpentine where circulate the water to heat / cool the 
panel, Their mainframe may be a plaster board or 
aluminium honeycomb. 
 
Already commonly used in office buildings, they are 
entering the residential market, with some specific 
design and fixation systems (see Kit radiant ceiling 
developed in the project Inspire)  

 

Figure 51 – Metal ceiling panel with 
copper tube register and heat 

conducting plate made of aluminium – 
Source: Durlum GmbH 

Main features 

Operational features 

 Circulating fluid: water 

 Heating operating temperature: between 
40°C/35°C and 30°C/25°C 

 Cooling operating temperature: 15°C –
20°C; temperature spread 3K   

 Specific heating capacity: up to 150W/m² 
for DeltaT = 15°C. 

Economic features 

 Investment costs range: 40€ to 70€/m² 
depending on the finitions and fixation 
system 

 Maintenance: 1% of investment costs 

 Life time: at less 20  years 

SWOT analysis 

Strengths 

 Its radiant heat transfer with moderate 
surface temperatures causes a 
comfortable indoor climate. 

Weaknesses 

 No dehumidification possible 
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 No fan power required 

 Its easy mounting makes it adapted to 
refurbishment operation (in contrary to 
radiant floors) 

 Requires low inlet water temperatures 
(17 -35°C), making it compatible with any 
renewable energy sources (solar, 
geothermal, heat pumps etc.…) 

 its reversibility, making both modes 
heating and cooling possible with the 
same system and installation 

Opportunities 

 a potential to integrate other functions 
(acoustical attenuation, lighting) in an 
“all-in-one” solution 

 the customization possibility of its 
surface, making it adapted to each 
sensitivity esthetical taste 

Threats 

 condensation in summer in humid rooms, 
if surface temperature not well controlled 

 

6.13 Fresh water station 

Technology description: 

It is an instant domestic water heater based on a 
stainless steel plate heat exchanger, finding a wide 
usage if coupled with inertial storage tanks (Puffer). 
The tanks can be heated by one or more energy 
sources. 

A thermostatic mixing valve in the primary circuit fluid 
regulates the DHW temperature, while the circulating 
pump is controlled by means of a pressostat electrically 
connected. 

It is equipped with 2 load/drain taps which enable to 
wash-up the plate heat exchanger by means of the 
closure of the ball valves. 

 

Figure 52 – DHW production system - 
Source: Lovato s.p.a 

 

Main features 

Operational features 

 Circulating fluid: water 

 Heating operating temperature: 

Economic features 

 Investment costs range: 25 €/kW 

 Maintenance: 1-2% of investment costs. 
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45°C/55°C  

 Power range: all  

cleaning of the plate heat exchanger 
recommended once every three years, if 
there is not domestic water treatment 

 Life time: 20  years 

SWOT analysis 

Strengths 

 Requirement of a small place 

 Hydraulic separation between heating 
circuit and DHW circuit 

 Good hygienic conditions because there 
is no domestic hot water storage 

 Possibility of  hot water consumption 
reading 

Weaknesses 

 Relatively high investment costs 

 Need for a water treatment to prevent 
limescale or for an annual cleaning of the 
heat exchanger 

 

Opportunities 

 Everywhere where legionella prevention 
is a priority 

 Everywhere where individual metering is 
a must 

Threats 

 

 

 

6.14 Satellite module 

Technology description: 

This satellite module provides hot water for space 
heating and DHW and possibly cool water for space 
cooling. It allows both to separate the primary circuit 
from the end-user loop including customized controls, 
and to meter individually the different end-use in an 
apartment.  

Its composition is flexible, its basic elements are flow 
and energy meters, pumps, heat exchanger and 
controlling valves-  

 

 

 

Figure 53 – Simple metering satellite 
module – Source: Caleffi s.p.a 

Main features 

Operational features Economic features 
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 Circulating fluid: water 

 Power range: all  

 Investment costs range: approx. 1000-
1500 € 

 Maintenance: 1-2% of investment costs. 
cleaning of the plate heat exchanger 
recommended once every three years, if 
there is not domestic water treatment 

 Life time: 25 years for mechanical 
components, 15 years for electronics 

SWOT analysis 

Strengths 

 There is no gas connection, burning and 
chimney in the single tenant apartment 
or office 

 Possibility of accounting with extreme 
precision the consumption of each user 
and allocating costs 

 Extreme flexibility of configuration of the 
single module 

 Allows to use old high temperature 
general pipeline 

 Great autonomy of management by the 
individual tenant 

Weaknesses 

 Requirement of space inside the single 
apartment or office 

 

Opportunities 

 Everywhere where legionella prevention 
is a priority 

 Everywhere where individual metering is 
a must 

Threats 
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