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1. Energy challenges and incentives 
The need for the energy and environment management has arisen since several recent decades for the response to the world-wide economic situation. The production-to-consumption cycle unavoidably stimulates the growing demand for energy. As a result, the generated wastes of the economic sphere are released to the environment and cause thus the pollution. On the global level, the most current forms of a daily pollution are the gaseous emissions of carbon dioxide (CO2) and nitrogen oxides (NOx) coming from the combustion process. By now, the combustion is used as a main process for the heat and electricity generation that are being supplied to all end-users, including the residential sector. The share of global energy consumption by the residential sector in European countries (EU-28) achieved between 25% and 27% in 2011, wherein the direct and indirect CO2 emissions represented globally 17% [1].
The permanent growth of the urbanization leads to the increase of the energy consumption by households. In 2014 the consumption of electricity and natural gas by EU-28 households represented about 25% and respectively 37% of share in the residential use of fuels. According to the Eurostat data [2], the electricity consumption by the residential sector in EU-28 grew by 29% in the period from 1990 to 2014. For the same period, the heat production with natural gas increased on 69%, stepping from 513.6 TWh to 866.6 TWh.
The heat demand represents the most significant share of the energy end-use in the residential sector. In the EU-28 households, the space heating/cooling demand and the domestic hot water production account from 70% to 80% of total energy consumption. The major part of the heat is still being generated by the fossil fuels, e.g. the coal, the petroleum products, the natural gas etc. The dependency of the import and the variation of prices disrupts the costs saving plans of individual households and remains the subject of unexpected billing.
In response to the climate change threats and the preservation of the natural resources from unrecovered damages, the European Commission adopted the strategic legislative package aiming the decarbonisation of energy system [3]. This strategic plan mandates to the EU States Members to cut the greenhouse gas emissions at least on 20% by 2020 relative to the 1990 levels, to increase on 20% the share of renewable energies in consumption and to achieve 20% of the threshold of energy savings. The important amount of funds of nearly 80 € billions is released within the EU Research and Innovation Program “Horizon-2020” and under 780 € millions are already invested in more than 2000 small and medium size enterprises. However, the major part of private investments from banks and credit agencies addressed the wind turbine power generation, that was estimated as 26.4 € billions of financing from 2014 to 2015.
Despite the importance of space heating and hot water production for the domestic sector, the financial interest for the heat generation installations is very restricted due to the high capital costs. According to the recent strategy on heating and cooling of the EU Commission, 19 € billions will be allocated during 2014 - 2020 period for energy efficiency in buildings, specially 6 € billions for the renewable energy. The financing of the EU “Horizon-2020” program accounts 2.5 € billions for the energy efficiency and 1.85 € billions for renewable energies.
2. Residential energy efficient opportunities
According to the EU statistics, the heating equipment in individual houses is distributed as: 22% of individual gas boilers, 34% of direct electric heating, 47% of oil boilers and 58% of coal burners with the energy efficiency less than 60%. The EU energy efficient building labelling [4] prescribes the requirements for the appliances used for the space and water heating. The solar thermal combined systems, the heat pumps and the condensing gas boilers constitute the top of energy efficient heating equipment. A wide range of commercial solutions and equipment is available on the energy market for the residential sector. Although the proposed systems exhibit the significant cost saving potential, the initial investment remains quite high and often needs the governmental support or the establishment of credit plan. Moreover, the local economic trends do not always allow to take the right decision for the investment into the technical solution.
The solar thermal market of glazed collectors lived the incredible growth from 1990 up to 2014 reaching the point of 31.8 GW of total installed capacity in EU-28. However, the breakdown of the petroleum and natural gas pricing, the slow dynamics of building construction sector, the difficulties for the financial support and recent switch to more attractive renewables such as wind power resulted in the contraction of the solar thermal market on 7.1% in 2014. The investments nearly 214 € billions with full R&D scenario would be required to keep the growth in order to meet the targets by 2020. The levelised cost of the solar thermal generated heat is estimated to be between from 0.11 to 0.19 €/kWh.
The promotion of electricity driven heat pumps for the EU climate conditions has known the large success, reaching 120 TWh from 1994 to 2013. The coefficient of performance (COP) of the modern heat pumps reaches from 4.2 to 5. The DAIKIN reports 1.8 € billions of sales volumes of heat pumps by 2013. The sanitary hot water heat pump market shows the fastest dynamics across EU-28.
The use of the biogas for energy generation continue the growth. In 2015 the number of biogas plants constructed across Europe counted 17240 that generated 155.4 TWh of primary energy in 2013. The heat provision for district heating networks increased on 22.4% from 2012 to 2013. The forecasts for the biogas utilisation for the residential heat and hot water supply up to 2020 vary depending on EU Member State, e.g. 0.7% for Austria, 0.2% for Belgium, 0.9% for France, 1.8% for Germany, 0.4% for the Netherlands and 0.9% for Sweden. The best estimation for the biogas sector contribution to the heat production is 51.8 TWh per year. The German Federal grid agency reports 520 million Nm³ of biomethane injection in the natural gas grid within 2013. The tariff of the injection of the biomethane to the gas grid vary from 0.137 €/kWh to 0.237 €/kWh.
3. Application to domestic thermal systems
The suitability of the choice of energy source for the domestic thermal system has been verified on the example of hot water provision for households. The typical energy demand for the hot water provision in Europe rates between 2700 and 3900 kWh per year. Several scenarios of utilisation of combined thermal systems have been studied in the moderate European climate conditions of Brussels. The investigations addressed the renewable energy sources for which the commercial technical solutions are fully developed and being currently deployed to the residential sector. The comparison with conventional energy utilisation has been done in order to evaluate the potential of the running costs savings and the environmental benefits expressed as a reduction of CO2 emissions.
The reference technical system for the hot water production is the high efficient natural gas boiler. The required provision of the household with the natural gas counts 320.6 m³ per year. The budget charge by the natural gas boiler running thus would result in nearly 233.36 € for 2015 - 2016. The equivalent CO2 emissions would be 592 kg, representing 46% of primary energy emissions cut-off.
The alternative technical systems are the combined hot water storage installations that are equipped with glazed flat plate solar collectors to attain 60% and 71% of solar fraction utilisation. The auxiliary heat input can be combined with any of the heating equipment: the electric heating device, the heat pump or the gas boiler (using the natural gas or the biogas). 8 types of domestic thermal systems have been compared in total. The savings of running costs for each system and the reductions of the CO2 emissions have been compared to the natural gas boiler alone (see Fig. 1 and Fig. 2).
[image: image1.png]B 60% of Solar Fraction ~ ®71% of Solar Fraction

70%
64%

54%

27%
13%

-26%

DHW Storage Tank + DHW Storage Tank + DHW Storage Tank + DHW Storage Tank +
Solar Collectors +  Solar Collectors + Heat ~ Solar Collectors+  Solar Collectors +
Electric Heater Pump Natural Gas Boiler Biogas Boiler




Fig. 1. Savings of system running costs relative to the use of natural gas boiler alone by EU-28 households.
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Fig. 2. Reductions of CO2 emissions relative to the use of natural gas boiler alone by EU-28 households.

The calculation did not account the levelised costs neither for the solar combistorage, nor for the auxiliary heating equipment. The budget charge situation is valid for 2015 - 2016 of both grid gas and electricity normal tariff.
4. Conclusions
The most optimal economic solution is found for the solar combistorage system with 60% of solar fraction coupled to the heat pump. The yearly running costs achieve only 82.93 €, causing 229 kg of the indirect CO2 emissions. The increase of the solar fraction up to 71% by installing the additional solar collectors would increase the savings only on 6%, cutting off the emissions on 7%, however the extra investments will increase on 12%. The utilisation of the gas boiler combined to the solar combistorage system is the affordable alternative for many households being already connected to the natural gas grid, allowing yearly to avoid the consumption of extra 162 m³ of the natural gas. The direct supply of the biogas alone stands as the most ecologic solution with only 155 - 177 kg of CO2 emissions. But the yearly provisions yield from 225 m³ to 280 m³ because of the lower calorific capacity and the high price makes it unreasonable for the direct use by the households. The upgrade of the calorific capacity is usually required before being injected to the natural gas grid. 
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