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DYNAMICAL SIMULATION OF A SOLAR-HEAT PUMP SYSTEM FOR ON-SITE ELECTRICITY PRODUCTION 
Marko Mančić1, Dragoljub Živković2, Velimir Stefanović3,Vladana Stanković4, Goran Jovanović5
Summary: Share of energy consumed in buildings in Serbia is 48% of total consumption, 65% of which is consumed in households. This paper investigates an energy efficient house which uses locally available Renewable Energy Sources (RES) for on-site electricity production and meeting thermal loads. In this paper a case study of a model of a house in Serbia is presented. The house model is grid connected, and it is assumed that it can send and receive electricity from the grid. The house is a part of a settlement, where houses are positioned for best solar energy utilization. The houses are equipped with both roof and wall mounted solar panels. 

This paper investigates the possibility of using a heat pump system and PV/t collectors for the production of electricity. Trnsys software is used to determine behavior of the modeled house throughout the year. Finally, an annual energy balance is made to show part of house energy demands which could be met using completely RES.
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1. INTRODUCTION 
With the "liberalized" electricity market in Serbia, and rising energy prices, distributed energy production on-site based on renewable energy is attracting more attention. Labels promoting higher energy performance standards in housing industry have been promoted in many European countries as market mechanisms, while for less advanced countries this can be an opportunity for lessons to be learned and developing such labels to suit market demand and implementation of European Energy Performance of Buildings Directive recast [1].
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In this paper, a solar heat pump system was designed for energy demands of an energy efficient house, which is part of a setlement. Photovoltaic (PV) technologies are recognized as one of the most suitable for decentralized electricity production in urban 
areas [3, 4]. Adequate technical approach implies economical PV production for maximum electricity generation by mounting the panels only on the south roof surface of the house [4]. Nevertheless, in this paper potential of electricity production using photovoltaic/thermal (PV/T) collectors is estimated for panels mounted in south facade in addition to the south facing roof. Solar and low temperature geothermal energy are chosen based on their availability and estimated potential. Possible electrical and heating energy production using RES is estimated with respect to climate conditions data for the City of Nis [5]. Houses equipped with heat pumps as main source for heating are considered to have the lowest energy consumption and the lowest energy intensity [6].  The aim of the paper is to investigate ratio of produced energy using solar collectors and heat pump, compared to the simulated energy loads of the building. Since electricity is used by the heat pump to meet thermal building loads, an annual electricity balance is conducted determining the ratio of on-site electricity production to the simulated energy demand of the residential object. Since the effectiveness of electricity production of the investigated trigeneration system is in fact dependant by integration of PV/T collectors to the building, some remarks are made for building design pathways for more effective electricity production [3,7,8,9]. 

2. URBAN AND ARCHITECTURAL BUILDING DESIGN MODEL APPROACH
Architectural approach to building design is based on principles of energy efficient building design. Accordingly, the form of the building is compact while its architecture is of simple geometry. House has flexible organization and it can satisfy the requirements of different family structures.  A possibility for a family of several generations to live here was also considered, for example, a family with two children and their grandparents, or a family with four children. The space is developed in two levels, whereas living-room has the two-floor height. House base is of dimensions 820x820cm developed through four squares of dimensions 360x360cm. Fixed elements in the house are staircases and domestic facilities as well as the canal for all necessary installations. Operational infrastructure is placed in the basement of the building. Form factor for freestanding building is 0.78(m-1), for semi-detached house it amounts 0.66(m-1), and for terraced house 0.54(m-1). Therefore, good form factor is obtained since this is a two-floor compact house is better than a single-story house since its exterior building envelope is smaller per unit size of floor space. Large windows in the living-room allow penetration of daylight deep into interior building space which enables passive solar gain. Sun protection in summer period is provided by external rolling brise soleils. Free surfaces on sunlit facades are planned for installation of solar PV/T collectors. The roof is gabled, which enables for the entire southern roof surface to be used for PV/T collector installation.Properties of the building envelope are: (1) Gabled roof with the following layers: Roof covering , back ventilated air layer vertical 4cm, Wind proofing 0,05 cm, Insulation between webs 38 cm, Air tight layer 0,01 cm and panel made of glued laminated timber d=14cm; (2) Ground floor with Cement screed 5 cm, PE soft foamseal joints 1 cm ,EPS 22 cm,Bitumen-aluminium layer 0,4 cm, Reinforced concrete 25 cm,Construction paper, Drainage layer 15cm, Filter fabric,  Soil; and (3) Exterior walls consist of external cover layer 0.7cm thick with a layer of stone wool as thermal insulation 30 cm of thickness andglued laminated timber 9.4cm thick.
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Fig. 1 Ilustration of the analyzed house model, part of a setlement
Regular arrangement of facade and roof openings enables natural ventilation of the building. Aluminium-wood windows with a "thermal brake" are planned, as there is no joint strain which can occur due to expansion and shrinking, thus allowing air circulation without condensation corrosion. Window glazing is of low emissivity, three-layer glass with inter-sheet space filled with argon.
2.1. ENERGY DEMANDS OF THE HOUSE MODEL
Analysis of thermal behaviour of the building during a one year period has been performed for the presented conceptual design of the building Thermal behaviour of the building throughout a year was simulated using TRNSYS 17 software. The building was divided into three zones: non-heated attic space, non-heated basement and residential area. Energy balance of heating and cooling loads was calculated for the residential area, with defined interior temperature of 20oC. Simulation used Energy Plus weather data [5] for Nis. Since these were statistical values of hourly temperature changes, design conditions defined more strict criteria for equipment sizing. Annual Energy load simulation for the building was performed with time step of 1h. Thermal load change on the model in both heating and cooling regime is presented at Fig 2. Profile of electricity demand profile of a building depends on characteristics of its envelope, quality of joinery, behaviour and habits of its residents, but it also depends on weather conditions throughout a year [5]. The bottom-up electrify load  model results with a time dependant electricity load profile, as a sum of the consumption cycle values of electricity loads of the given household appliance in stand-by and operating regime over a given time step. Parameters of active and stand-by consumption of an appliance are linked to the annual consumption model [11]. The difference in behaviour profile of electrical load on typical working day and at weekend was considered negligible. Only basic, energy efficient rated, appliances were included in by the model. 
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Fig. 3 Annual hourly thermal load change of the Energy Efficient House model, heating and cooling [kW]
Trend of change in daily electricity consumption due to climate changes throughout the year was synchronized with data from [10] by multiplying the time step value of electrical load by a monthly weight factor of the corresponding time interval. The results of simulation of electric load are lower than the results found in literature [10,12,13,14], which is expected, since the used model does not account for using electricity for space and sanitary hot water heating. Annual electrical load with time step of 1h was simulated, and results of the monthly balance of electricity consumption are represented on Fig 3.
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Fig. 4 monthly balance of electricity consumption
3. PERFORMANCE OF SOLAR HEAT PUMP SYSTEM

 In this paper the house model uses a centralized solar geothermal system for to meet its energy demands. Electrical and thermal energy are obtained by application of hybrid solar PV/T collectors, while heat pump water-water is used for additional heating and cooling. Presented PV/T collectors are water cooled PV panels mounted on the absorber of a flat plate solar collector. For utilization of low temperature energy sources, heat pumps which change the temperature level of available heating energy by heat source and adsorption of vapour or gas sorption can be used [17,18]. Application of trigeneration systems based on use of PV/T collectors has already been analyzed [15] in combination with absorption heat pump and supplementary water heater and concentric PV/T collectors [16]. The performance of PV/T solar collectors is further analyzed in [15-18]. The proposed system concept reduces the local CO2 and other green house gas (GHG) emissions, enables distributed electricity production, possible surplus electricity export to grid, quiet operation while maintaining thermal conditions in the residential area of the building. A monthly balance of electrical energy produced by application of selected surfaces of PV/T collectors is presented at Fig 5. with the following notation: S_0_45 -Solar collectors facing south, slope 45o and S_0_90- Solar collectors turned facing south, slope 90o. Basic function of designed system is to enable adequate thermal conditions in residential area. The system is set to ensure the interior temperature of 20˚C in heating season, and maximum temperature in cooling season is 26oC. Engaged power of heat pump is presented at Fig 5. The heat pump controller is set to monitor the temperature in the residential area, forcing heat pump to provide the given set-point temperature in the residential building zone constantly.
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Fig. 4 Monthly balance of electricity production (left) and electricity consumed by the heat pump (right)
The largest electrical consumer of the analyzed model is the heat pump. Electricity consumption of the feed pumps was also considered by the simulation model. Total annual electricity production of the proposed model is 5685kWh, 4088 kWh of which is produced by roof panels, and 1597 kWh is produced by the southern facade panels. Average annual electricity production per square meter of PV/T collector is 146,023kWh for the roof panels, 102,166 of the south facade panels. Total annual electricity consume of the model is estimated to 12077,05 kWh,   where the heat pump consumes 6617,99 kWh for heating, and 3837,9 kWh for cooling. Hence, the house model produces around 47% of the energy it consumes, and 54% of annual electricity consumed by the heat pump.
4. CONCLUSION

Heating and cooling demand, were met by the designed trigeneration system, but the simulation resulted with a deficit of electricity produced on-site suggesting design modifications for better solar energy harvesting. A square meter of a south oriented roof collector is three times higher than that of an east facade collector and 50% higher than that of south facade collector. The model modification for more effective solar energy harvesting represent an architectural design challenge and should be aimed for increasing south oriented roof, increasing south facade area under and slope adjustment of the south facade solar collectors.
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