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The present study, carried out within the framework of the PCC80 project (PCC80 stands for the Development of a New Generation of Condensing Boiler Stove with recovery rate over 80 %), aims at modelling the behaviour and the performance of a heating system in a transient condition. The system is based on a wood pellet boiler-stove, which is equipped in a singlefamily detached-house in Belgium for the space heating and the Domestic Hot Water (DHW) production. As such a heating device is meant to be located in a living room, a challenge rises in terms of control to avoid over-heating, especially during Summer.

From available results of high-fidelity simulation (i.e. detailed 3D CFD simulation) and the experimental data, a simplified (0D) model of boiler-stove was developed. This model is then used within TRNSYS (Klein, S. A. et al, 2017) environment to perform the thermal dynamic simulation of the stove and its surrounding (i.e. the building). The multi-zone building simulation is carried out by using Type 56 component being available in the standard components library of TRNSYS. The transient system simulation approach allows to determine the performance gain on the annual basis and to optimize the global concept.

INTRODUCTION

In Europe, among the different energy consuming sectors, residential one accounts for about 27 % of the total final energy consumption [START_REF] Capros | EU Reference Scenario 2016: Energy, Transport and GHG emissions trends to[END_REF]. The two thirds of this energy consumption comes from the heating demand [START_REF] Capros | EU Reference Scenario 2016: Energy, Transport and GHG emissions trends to[END_REF]. It is therefore a promising sector to intervene through for a more sustainable future. Regarding the building sector, beside of well-insulated building envelopes, the implementation of high-efficiency energy systems is essential and contributes to reduce the consumption of primary energy. Furthermore, the economic, ecological and geopolitical as well as the normative frameworks such as the Energy Performance of Building Directive [START_REF] Eu | [END_REF], the Renewable Energy Directive (The European Parliament and the Council of the European Union, 2009) and the EU 2030 Framework for Climate and Energy (European Commission, 2014) require Member States to evolve technologies and behaviours towards a more rational use of renewable energies, reducing the dependency on energy imports as well as the environmental footprint. Indeed, within just several decades, renewable energy has developed from an alternative energy source in a niche market to one of the most important energy sources worldwide and a driving force for a sustainable 21 st century economy [START_REF] Zervos | RE-thinking 2050: a 100% renewable energy vision for the European Union[END_REF]. Renewable energy is currently on its way to becoming the mainstream source of Europe's energy system.

Recently, the European Commission, the Parliament and the Council reached a political agreement which includes a binding renewable energy target of 32 % by 2030 [START_REF] Commision | Europe leads the global clean energy transition: Commission welcomes ambitious agreement on further renewable energy development in the EU[END_REF]. As aforementioned, the heating demand presents an important part of the overall final energy demand in the EU and will most likely remain a high share of the final energy demand in the future. Therefore, without a major shift towards heating and cooling from renewable energy, the EU will continue to import an ever larger share of fossil fuels, while damaging the environment and putting the health of its citizens at risk [START_REF] Zervos | RE-thinking 2050: a 100% renewable energy vision for the European Union[END_REF]. To meet the overall target of at least 20 % by 2020, the share of renewable heating and cooling could, as estimated by the EREC (European Renewable Energy Council), almost triple compared to the share by 2007 of about 10 %. Most of the growth could be provided by biomass. By 2050, the biomass could contribute 214.5 Mtoe for renewable heating and cooling consumption.

Within this context, the development of efficient wood heating systems, which is adapted to the specific technical characteristics of dwellings and the financial constraints of their occupants, seems particularly relevant. Among the wood fuels, the pellet of compressed wood (or pellet) presents a set of assets that constitutes one of the fuels of the future. It is a fuel that can be produced locally, whose production and logistics chains have been structured and professionalised for a number of years and whose quality is better and better mastered, thanks in particular to the introduction of standards and quality labels at the international level. Moreover, it can be used in fully automated systems, to conciliate user comfort, energy performance and combustion hygiene. These features enable the individual wood-pellet heating systems, among the most suitable systems, to economically meet the new building energy efficiency requirements imposed on the European market.

Today, the demand of direct heating is progressively reduced, the major part of supplied heat must be able to be valorized under other mode that the heat directly released in the room where the heating device (e.g. traditional wood stove) is placed. Indeed, the fact of converting most of the heat produced during the combustion into hot water makes it possible to upgrade this energy in various ways such as distribution in other pieces by radiators, production of DHW, etc. Actually, gas and oil boilers are often used within residential building for space heating and domestic hot water preparation. With the incentives for renewable energy of the EU, the wood pellet boiler is becoming one of the most potential renewable-based alternative for this traditional fossil fuel boiler.

The PCC80 project aims at developing a wood pellet boiler-stove that is aesthetic, userfriendly, efficient and adapted to the specific technical characteristics of dwellings as well as to the requirement of their occupants. The such heating device must meet a double objective:

• The stove, on the one hand, offers a broad vision on the flame for the warm and friendly character expected by this type of product.

• The boiler, on the other hand, must have a high efficiency. A particular attention of the project will be paid to the technical integration of the product (boiler-stove) into the building. Indeed, the solution will not be designed as a monolithic closed and frozen system but as a preponderant element of a global and evolutionary heating solution, allowing an optimal valorisation of the different sources of energy available in a house. In this respect, the regulation of system, its opened characteristics and the possibilities of the communication with other energy system such as photovoltaic panels, heat pumps, and with outside world (e.g. weather database) will be a significant part of the development effort.

This study presents the result of the simulation for integrating a pellet boiler-stove within a single-family house for rooms heating and producing domestic hot water. The simulation is carried out by using TRNSYS kernel. Two new non-standard components, i.e. pellet boiler-stove and hydronic radiator, are developed within the framework of the project. The others components from standard and TESS library of TRNSYS are employed to perform the simulation. The dynamic behaviour and the performance of the boiler-stove are investigated for its operation in Summer and Winter including extreme cold period (i.e. outdoor temperature is lower than -3 °C). The potential over-heating of the building provoked by device utilisation, especially during Summer, with different measures on device control strategy is also considered. Only the room and tap water temperature are considered for the occupants thermal comfort. The one-year complete simulation is also performed to determine the annual power consumption for room heating and DHW demand.

SYSTEM MODELLING

A very first (simple) hydraulic concept (cf. Figure 1) for the space heating and the domestic hot water preparation is in this study used for investigating the transient behaviour and the performance of the wood pellet boiler-stove. The latter will be the only main heating device of the building, i.e. none other auxiliary heat production system than the pellet boiler is needed for making the heat carrier (hot water) flow at about 70 °C. This hot liquid, coming from the boiler, goes through the radiators for heating up the rooms, and also feeds the thermal storage tank of the DHW loop. The water exiting the radiators or the hot water tank at lower temperature is then driven back to the boiler for increasing again its temperature up to the set-point one (e.g. 70 °C). For the present hydraulic architecture, the hot water exiting the stove can only either feed the room heat emitters (radiators) or the storage tank at a time. Moreover, when the boiler-stove is needed for the sanitary hot water preparation, it cannot be used for the space heating (i.e. there is no hot fluid goes through the radiators). In other words, the use of pellet boiler-stove for hot water production/ space heating is in master/slave mode. As a consequence, the room temperature could potentially fall down below the room's set-point temperature when the stove is needed for rising the temperature of water inside tank.

10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 The mass flow rate of the water going through the boiler-stove is either determined as the hot water mass flow rate required for the sanitary hot water preparation (via the Pump1) or by the total mass flow rate needed for the space heating, i.e. the sum of mass flow rates of the water going through the radiators controlled by the thermostatic valves (described later in the text).

For the current study, the stove must be located in the living-room (combined with the kitchen) of the building for maximizing the vision of stove's flame, an amount of heat will be released by the natural convection and the radiation to stove's surrounding when it is in operation (cf. Figure 2). This causes eventually the building over-heating, especially during Summer. Several control measures are therefore implemented for inspecting the occupants thermal comfort.

Building model

The house is simulated using the multi-zone building model of TRNSYS (i.e. Type 56). The building is a typical Belgian detached (4 facades) single-family (5 persons) house whose the benchmark geometry has been established in [START_REF] Massart | Conception de maisons neuves durables[END_REF]. The building is also used and well described in the study of [START_REF] Georges | On the proper integration of wood stoves in passive houses under cold climates[END_REF]. The house has a total floor area of 152 m 2 . The envelope presents a protected volume of 420 m 3 , 360 m 2 of opaque surfaces and 35 m 2 of windows. The house's internal organization is displayed in Figure 3 [START_REF] Massart | Conception de maisons neuves durables[END_REF]):

• The building is partitioned into two stages, relief between them by a corridor (zone 2).

• Each zone is modelled by only one thermal node, including zone 2 spreading on both stages.

• The living-room (zone 1) is oriented towards the South, and contained the pellets boiler-stove.

To take into account the ventilation and the circulation of air inside the building, TRNFLOW [START_REF] Weber | TRNFLOW, a new tool for the modelling of heat, air and pollutant transport in buildings within TRNSYS[END_REF] will be used. This module is coupled to TRNSYS allowing to model simultaneously the balanced whole-house mechanical ventilation by the air-intake within living-room and bedrooms and the extraction of the air from wet pieces (bathroom, laundry, toilets), but also to integrate different doors between the pieces, and to consider the house tightness by means of appropriated mathematical model. For the present study, the door of 10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 living-room is always opened while the doors of other pieces (bedrooms, office and the bathroom) are always closed.

A summary of main building properties is given in Table 1. Some other features of the building model such as solar protection, internal heat gain are also implemented as described in [START_REF] Massart | Conception de maisons neuves durables[END_REF].

Boiler-stove model

The boiler-stove model in this study has been developed on the basis of an existing pellet boiler-stove model [START_REF] Nordlander | TRNSYS model for Type 210 Pellet stove with liquid heat exchanger: Documentation of model and parameter identification[END_REF] with appropriate adaptations and modifications.

The stove combustion power, P cmb , is controlled between the minimum and maximum one and by the control signal γ :

P cmb =γ⋅P cmb , max (1) 
The device maximum combustion power is in the present study of 9.37 kW. The control signal, γ, varies from 0 to 1. During the normal operation, P cmb is limited to P cmb,min ≤ P cmb ≤ P cmb,max . Similarly to the model of [START_REF] Nordlander | TRNSYS model for Type 210 Pellet stove with liquid heat exchanger: Documentation of model and parameter identification[END_REF], the stove operation has two-step start phase, burning phase and two-step stop phase. The description of the start and stop phases as well as the minimum operating and cooling time of the heating device are given in Table 2.

The start and stop phases are initiated by switches of control function at current (γ) and previous (γ pr ) time step, and by the constraints of the operating and cooling time.

In fact, the heating device will be turned on if these following conditions are simultaneously satisfied:
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• γ pr =0

• γ > 0

• Cooling time ≥ minimum cooling duration The stove will be turned off if three conditions below are at the same time fulfilled As described in [START_REF] Persson | Computer modelling of wood pellet stoves and boilers connected to solar heating systems[END_REF], A typical pellet stove has a preset stop phase lasting for a certain time after the pellet feeder has been turned off. For venting out the gases from the after-burning phase the fan is active for a certain time (i.e. stop phase duration in Table 2).

• γ pr > 0 • γ =0 • Operating time ≥ minimum operating duration
After the fan stops, the gas flow is driven by buoyancy forces only. The boiler-stove model in the present study performs the similar two-step start and stop phases as described in [START_REF] Persson | Computer modelling of wood pellet stoves and boilers connected to solar heating systems[END_REF].

The mathematical equations of the boiler-stove model have been developed and implemented as a new non-standard component in TRNYS using C++ programming language. The differential ordinary equations of the model are solved using Rosenbrock 4 implicit method being available in Boost C++ library. The model calibration is carried out by means of an optimization process and the experimental data including the outlet water temperature and the combustion efficiency. For the optimization, the generic optimization program GenOpt [START_REF] Wetter | GenOpt -A Generic Optimization Program[END_REF] is used with the GPS (Global Pattern Search) Hooke-Jeeves method. The optimization algorithm tries to find out the global minima of the cost function, CF, described as follows:

CF= ( T w ,out , cal -T w , out ,ex ) ²+ ( η cmb , cal -η cmb , ex ) ² (2) 
Where T wo,cal and T wo,ex is the water outlet temperature calculated by the numerical model and from the experimental data, respectively.

η cmb,cal and η cmb,ex is the combustion efficiency calculated by the numerical model and provided by the manufacturer.

The difference between the numerical calculation and experimental values of water outlet temperature is shown in Figure 4. The differences between the simulation and the experiment for the combustion efficiency and the heat rate absorbed by water are presented in Figure 5.

For the calibration process, the experiment was carried out for about 8 hours. Two combustion power levels were applied for investigating the dynamic behaviour of the stove.

The figures show a good agreement between the simulation results and the experimental data.

DHW loop

Concerning DHW production, the water comes from the tank bottom at lower temperature is heated up by the stove to a temperature of 70 °C and stored in the thermal storage tank. The hot water drawn from the top of storage tank will then be mixed with the cooling water to produce tap water at desired temperature (i.e. 45°C for this study). The load profile of tap water (cf. Figure 6) is in this work specified by a daily repeating forcing function using Type 14 of TRNSYS standard library. The value specified for each time period of the forcing function is the fraction of the total daily water draw that is drawn during that time period. The forcing function value is then multiplied by a daily total water draw of 250 L (50 L/person) to arrive at the flow rate (in kg/h) of domestic water.

The hot water tank is simulated using Type 158 (TRNSYS standard library) which is a constant volume tank model. The tank volume is of 0.3 m³. The tank model accounts for thermal stratification by breaking the tank into a user specified number of isothermal nodes. The water at the bottom of the tank is sent to the boiler depending on the water temperature at the thermostat position and the set-point temperature value as given in Table 3. Furthermore, the additional heat generated by mismatch (explained further in the text) between stove's operating cycle and thermostat signals (room and tank) will also be stored in hot water tank. Therefore, temperature of water at thermostat position is sometime greater that the set-point one. Actually, in summer it is preferred to produce hot water between 22 h -6 h for avoiding the overheating caused by pellet stove utilisation. Otherwise, the boiler is forced to work during daytime for the hot water preparation to maximize the vision on the flame in Winter out of extreme cold period (i.e. outdoor temperature below -3 °C). When the outdoor temperature is below -3 °C, the heating device is, once again, adopted to run during night-time for the DHW production as more power will be needed during daytime for space heating.

The space heating loop

The space heating will be automatically triggered during heating season by means of hydronic radiators installed in different rooms of the house except for the laundry room (zone 3). The 10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 operation of the boiler-stove for the room heating is activated depending on the temperature of living-room (where the thermostat is located) and the room's set-point temperature specified in Table 4. The room's set-point temperature varies in function of the occupation period of the building, which is also different for weekdays and weekend. 

Radiator

The radiator is simulated using the first order radiator model (i.e. the total radiator heat capacitance is concentrated at the exhaust node) as described in [START_REF] Holst | TRNSYS -Models for Radiator Heating Systems[END_REF]. The basic equations for radiator model are given as follows:

The heat balance equation:

Ṁ w ⋅Cp w ⋅(T w , in -T w , out )=C radiator ⋅ dT w , out dt + Qradiator,nom ( ΔT lg Δ T lg ,nom ) n (3)
The actual logarithmic mean temperature difference:

Δ T lg = T w ,in -T w ,out ln T w , in -T amb T w ,out -T amb (4)
Similarly, the nominal logarithmic mean temperature difference, Δ T lg ,nom , is calculated with with nominal value of water inlet, T w,in,nom , and outlet, T w,out,nom , temperature and nominal value of ambient temperature, T amb,nom. For the current study, these nominal value of temperature are respectively set of 70°C, 50°C and 20°C.

The lumped radiator capacitance of fluid and metal:

C radiator =m w ⋅Cp w +m met ⋅Cp met (5)
The emitted radiator power is transferred to the room by convective and radiative heat exchange. Knowing the radiative fraction of the emitted power at nominal operating condition (s nom ), the radiative fraction at other operating condition (s), is obtained by the following equation:

s= s nom ⋅( T amb K +Δ T lg ) 4 -(T amb K ) 4 ( ΔT lg Δ T lg , nom ) n ⋅ [( T amb K +Δ T lg , nom ) 4 -(T amb K ) 4 ] (6)
The superscript n in the equation ( 3) is the radiator exponent with a value of 1.3 for this study.

The water mass flow ( Ṁradiator ) entering the radiator is controlled by a thermostatic radiator valve. The flow rate is regulated between zero and the designed mass flow rate ( Ṁradiator ,nom ). When the room ambient temperature (T amb ) is greater than the upper limit, e.g. 24°C, i.e.

heating is no longer required, the controller delivers zero flow. Conversely, the radiator receives the designed mass flow rate when the room temperature is below the lower limit, e.g. 14°C. The mass flow fluctuation goes through the heat emitter can be expressed by the following equation:

Ṁradiator = { 0 if T amb ≥T upper Ṁ radiator , nom ( 1-T amb -T lower K p ) if T lower <T amb <T upper Ṁradiator ,nom if T amb ≤T lower (7)
Where K p is the proportional band, e.g. 10.

CONTROL STRATEGIES

During heating season, the stove will be automatically launched when the temperature of room or tank thermostat is below corresponding set-point temperature. The temperature of water exiting the heat exchanger is regulated by a PI (proportional integral) controller with a variable set-point temperature :

• When the stove is needed for space heating or domestic hot water production, the setpoint temperature of water exiting the heat exchanger is set to be of 70 °C. The combustion power of the stove is regulated to keep water outlet temperature as close as possible to the set-point temperature value.

• When the stove is no longer needed to produce hot water (for space heating or DHW production) but still in operation because of the constraint of minimum operating duration, the heating device will operate with a minimum power output until satisfying the minimum operating time and turning off, or receiving another signal for hot water production and operating again with normal operation mode. The exceed energy generated during this period will be stored in thermal storage tank. Therefore, the temperature of water inside tank at thermostat position is sometime greater than the set-point temperature specified in Table 3.

The parameters of PI controller are determined using Cohen Coon tuning method [START_REF] Cohen | Theoretical considerations of retarded control[END_REF].

RESULTS AND DISCUSSIONS

Heating season

During the heating season (October -May), the boiler-stove is employed to make hot water for room heating and domestic water preparation. The upper part of Figure 7 exhibits the combustion power and its useful capacity (i.e. the heat transferred to the building through the stove wall and the heat shifted to the water over the heat exchanger wall) as well as the combustion loss (light blue area) with the flue gas for two-day operation of the heating device in Winter. The stove is regulated at maximum, partial and minimum load. Every phase from the start to the stop of the device's operating cycle is named from 0 to 5 (i.e. 0 -the stove is inactive; 1, 2 -first and second start phases; 3 -burning phase; 4, 5 -stop phases with and without fan operation respectively) in the lower part of the figure. During two-day operation, three operating cycles per day are observed. For the first day, out of extreme cold period, the stove is active between 6 a.m. to 10 p.m. for the demands of both space heating and DHW.

However, next day when the outdoor temperature is below -3 °C, from 6 a.m. to 10 p.m., this device is only used for room heating requirement. The preparations of DHW are shifted to the night-time. Because of the constraint of minimum cooling and operating time, there is the case that the stove cannot turn on/off right after receiving the room/tank thermostat signal, e.g. the case between second and third or forth and fifth operating cycle. The results have been obtained from the simulation with 1-minutes time step.

The variation of rooms and outdoor temperature is reported in the middle and lower part of Figure 8. In fact, The living-room set-point temperature during occupation periods (i.e. from 6 a.m. to 9 a.m. and from 4 p.m. to 10 p.m.) is of 22 °C, while during the remaining hours of the day, it is set to be of 16 °C. Thanks to the pellet boiler-stove, the living-room is maintained at the desired temperatures. However, the temperature in other rooms are slightly lower than the one of living-room. Furthermore, the living-room temperature is sometime below or above its set-point. This fact can be explained by:

• The mismatch between stove's operating cycle and room/tank thermostat signals as explained before.

• The priority of the DHW production over the space heating when the overlap between room and tank thermostat signal occurs.

• The room thermal inertia and the controller hysteresis. The air is brought into the living-zoom and the bedrooms from outside and extracted from the wet pieces (bathrooms, laundry) to outside by a double flow mechanical ventilation system with a heat exchanger. The by-pass of heat exchanger is triggered depending on the outdoor temperature, the scheduled set-point temperature, and the actual temperature of the livingroom. The bedrooms temperature falls at certain moment as found in the Figure 8 (e.g. at about 6 a.m.) can be explained by the fact that the fresh-air get into the house without goes through the heat exchanger and the boiler-stove is not used for space heating, i.e. it is turned off or needed for sanitary hot water preparation.

10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 The temperature fluctuation of water at different positions inside thermal storage tank (top, bottom and at the position of thermostat) and at tap outlet is given in Figure 9. The current control strategies and power output allow the boiler-stove to produce enough hot water for family requirements with specified DHW-load profile at desired temperature (e.g. 45°C).

Cooling season

During summer, the stove is only activated for domestic hot water preparation. For avoiding the room over-heating caused by natural convection and the radiation from stove wall to its 10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 surrounding, the hot water at 60 °C inside tank can only be prepared after 22 h and before 6 h. During the remaining time of the day, the stove will only be turned on if the temperature of water at the position of tank thermostat is lower than 45 °C. As found in Figure 10, the boilerstove is in operation only once per day for the two-day operation in Summer. As different building doors except the ones of living and laundry room are set to be closed at all time for the simulation in this paper, the additional heat generated by the natural convection and the radiation from the stove wall to the building when the device is used for making hot water causes only slightly over-heating in the pieces 1, 2 and 3 of the house as can be found in Figure 11. The temperature increasing is highest for living-room where the boiler in installed. Since the objective of the paper is to investigate the dynamic behaviour and the performance of the pellet boiler-stove for heating space and DHW demands, there is no cooling device/solution, including night and day ventilation by doors/windows opening, is implemented for the simulation. Consequently, the rooms temperature are quite high during summer.

10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 The family requirement of DHW with specified load profile at desired temperature is always satisfied as reported in Figure 12.

Annual power consumption

The annual power consumption for space heating and DHW preparation using only the pellet boiler-stove is presented in Figure 13. The integral combustion power is calculated based on the simulation result with 1-hour time step for the whole year. The annual consumption of the heating device for both space heating and DHW preparation is of 9153 kWh.

10th International Conference on System Simulation in Buildings, Liege, December 10-12, 2018 The greatest slop is observed at two ends of the power consumption curve which represents the period when the heating device is used for both space heating and DHW. The curve is less inclined in the middle when the heating space is no longer required.

CONCLUSIONS

The present study performs the dynamic simulation of a heating system based on wood pellet boiler-stove implemented in a residential building for space heating and DHW preparation. The multi-zone building simulation is performed using component Type 56 of TRNSYS coupled with TRNFLOW. The building is a typical Walloon detached single-family house.

The system simulation is carried out using different components from standard and TESS library of TRNSYS as well as the ones developed within the framework of project. Indeed, the pellet boiler-stove is developed from the basis of an exiting model in the literature with the appropriate adaptations and modifications. Several heat transfer parameters of the model are determined by the calibration between the model and experimental data using an optimization process. Different measures on the control strategy of the heating device are also implemented for assessing device performance and occupant thermal comfort. The simulation results show that even the pellet boiler-stove has several drawbacks concerning the operating constraints and thermal inertia, it could be a good renewable alternative-solution for the traditional gas and oil boiler which cost probably expensive for the environment and the health of the citizens. In addition, the pellet stove comes with not only the performance features but also the aesthetic one as a residential heating device. The results also demonstrate that pellet device drawback can be eventually minimized or eliminated with an appropriate and smart control system.

The further works will be focus on the improvement of the regulation system and the combination between the pellet boiler-stove with other heating system device such as solar water heater, gas-and-oil boiler, etc. 
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 1 Figure 1: Hydraulic concept for space heating and domestic hot water production
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 2 Figure 2: Pellet stove is placed in living-room (zone 1) (courtesy of Stûv)
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 3 Figure 3: Sketches of ground and first floor of building: kitchen coupled living-room (1), corridor (2), laundry(3), office (4), bedrooms(5, 6, 8, 9) and bathroom(7,10) 
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 45 Figure 4: Water outlet temperature (simulation vs. experiment)
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 6 Figure 6: Simple DHW load profile
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 7 Figure 7: Boiler-stove operation for two chosen days in Winter (11-13 January)
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 8 Figure 8: Temperature at different rooms of the house two-day operation of the stove in Winter (11-13 January)
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 10 Figure 10: Boiler-stove operation for two choosen days in Summer (23-25 July)

Figure 11 :

 11 Figure 11: Temperature at different building rooms for two-day operation of the stove in Summer (23-25 July)

  

Table 1 :

 1 Building properties

		External wall	Adjacent wall	Adjacent ceiling	Roof	Ground slab	Glazing/ window
	Thickness [m]	0.465	0.13	0.248	0.419	0.495	-
	U-value [W/m 2 -K]	0.114	2.963	1.873	0.111	0.155	0.81

Table 2 :

 2 Boiler-stove characteristics 

	Operation	Duration (hour)	Description
	First start phase duration	dt sta1	Duration between start signal and first flame vision of the stove, no combustion power is assumed.
	Second start phase duration	dt sta2	Duration in which the stove operates with a combustion power P cmbsta (e.g. P cmbsta = P cmb,min )
	Stop phase duration	dt fstp	After stop sign, duration in which the stove continue to generate a decreasing power.
	Minimum cooling duration	dt cool, min	In addition to stop phase duration, the minimum time before the device can be switched on again.
	Minimum operating duration	dt op,min	Minimum operating time between obtaining first flame and the stop sign

Table 3 :

 3 Set-point temperature for hot water storage tank

		Night (22 h -6 h)	Day (6 h -22 h)
	Summer mode	60 [°C]	45 [°C]
	Winter mode	45 [°C]	60 [°C]
	Extreme cold mode	60 [°C]	45 [°C]

Table 4 :

 4 Set-point temperature for space heating

	Time interval [h]	0 -6	6 -8	8 -9	9 -16	16 -22	22 -24
	Week-day [°C]	16	22	22	16	22	16
	Week-end [°C]	16	16	22	22	22	16
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NOMENCLATURE

Dynamic modelling and control strategy of a heating system based on wood pellet boiler-stove

wall wall