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0 Abstract 

The aim of this Deliverable is to present simulation activities carried out for the performance 

assessment of the BRICKER energy system for the Belgian demonstrator. As a third part of 

Deliverable D 4.43, a focus on active system integration is here given. 

Paragraph 1 describes the system layout from the overall energy concept to single system 

components. In the document, a particular importance is dedicated to describe how the 

BRICKER system will be integrated in the existing energy layout system. It aims to replace in part 

the gas-based existing energy system by providing heat generated by burning non-fossil energy 

sources (biomass). System components, such as ORC and heat exchangers, are sized and 

designed in a way to comply on the one hand with temperatures of heating distribution system 

and on the other hand to guarantee optimal temperature conditions for the BRICKER system. A 

description of system control strategy is reported. It consists in an overview of possible working 

schemes required for delivering heating to the building. Each of these is defined by a list of 

logical signals based on a number of temperature sensors. 

The results of system simulations are presented in paragraph 2. System performance are 

calculated on a system boundary that permits to distinguish between energy inputs and outputs 

(heat or electricity) and losses. Improvements to the existing control strategy are proposed and 

justified with simulation results. 
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1 Description of the energy system 

The poor efficiency of the existing system can be greatly improved through the integration of a 

new system concept which exploits and maximize local renewable energy sources for covering 

building loads. From a high level point of view, the overall new energy system can be 

represented by a schematic single line connection diagram as shown in Error! Reference source 

not found. below. It is split into three parts, based on working fluid used. Energy Generation 

Units (EGUs) use oil, Energy Distribution Units (EDUs) use water, and Energy Conversion Units 

(ECUs) interact with both oil and water. The main distinguishing point is their relative function 

in the energy system and in particular: 

 EGUs generate thermal energy by utilizing renewable sources, be it biomass. However, 

storage tank is included as an energy buffer. 

 ECUs serve the primary purpose of conversion or transference of thermal energy from 

the oil loop into either electrical energy or thermal energy in the water loop. 

 EDUs comprise of components responsible for meeting heating load. 

 

 

Figure 1. Single line diagram of the energy system. 

The implementation of the BRICKER active technologies and the development of the energy 

concept for the Belgian demo have had to deal with the intrinsic characteristics of the existing 

building. The motivations that have guided the integration and design of the BRICKER system for 

the Belgian demo can be summarized in the following points: 

 The building heating demand is high and quantified in about 185 kWh/(m2y)1 (after 

renovation: 144 kWh/(m2K)) over an overall conditioned area of 23600 m2; 

 The heating distribution system is based on high temperature terminals (radiators) with 

a nominal set point temperature of 75°C; 

 Cooling is not considered because of the weather conditions and the lack of a dedicate 

distribution system and terminals; 

                                                           

1 This is a building average value derived from preliminary simulation of the existing energy system 
building. 
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 The existing installed heating capacity (3 boilers with an overall power of 7.5 MW) is 

greater than the nominal capacity of the BRICKER energy concept (0.3 MW in the ORC 

condenser, 1.5 MW in the new biomass boiler); 

 Solar harvesting is critical since the building is inserted within a dense urban 

environment and therefore parabolic though collectors are not considered in this case. 

The derived BRICKER energy system and its implementation into the existing system are shown 

in Figure 2. Basically, it consists in an ORC unit supplied by a biomass boiler. The biomass boiler 

uses thermal oil of energy carrier and in order to overtake limits due to ORC’s capacitance effect, 

a thermal storage filled with oil is installed. High temperature radiators can be supplied by 

exploiting the condensing heat of the ORC or as alternative directly from the biomass boiler 

through an intermediated oil-water heat exchanger. In this latter case, particular care should be 

given in the development of an adequate control strategy in order to avoid the formation of 

steam into the water loop. 

 

 

Figure 2. System layout. 
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1.1 Brief description of system components 

1.1.1 Biomass boiler 

As previously said, the main EGU considered in the Belgian demo is the biomass boiler. It is 

coupled to the ORC unit through oil thermal energy storage of 1 m3 capacity, which on the one 

hand has to guarantee sufficient and satisfying operation conditions to the ORC delivering 

thermal oil at 225ºC, but on the other hand offers a good thermal capacitance to deal with 

biomass boiler time constant. 

The biomass boiler capacity has been oversized respect to thermal necessities of ORC, 1500 kW 

instead of 500 kW. This is done in order reduce the dependency to fossil fuels as prescribed by 

building owners. Actually 3 natural gas boilers are installed and feeding the demo building; the 

target is to replace one of them in terms of energy produced. The boiler is a modulating 

component being able to produce 1.500 kW at 260°C of thermal oil, with possibility of 

modulating from 100 to 20% of its nominal capacity, through the reduction of the quantity of 

biomass burned, depending on the inlet temperature. In fact the regulation is done on the outlet 

(supply) temperature, which depends on the quantity of biomass introduced and on the 

efficiency of the combustion process. 

The boiler works with an elevated flow, respect to ORC necessities; this is because of safety 

reasons, due to elevated thermal inertia of the boiler body. For this the boiler is generally 

connected to the rest of the system by a 3-way valve, by which only a part of the flow is deviated 

from the boiler and directed to the loads; the rest is recirculated in the boiler at supply 

temperature with the fluid coming from the load, at lower temperature. The resulting 

temperature from this flow mixing is lower than supply temperature but higher than return 

temperature; by this way is possible to smooth possible perturbation coming from the load and 

maintaining the boiler at its best working conditions. 

The biomass chosen for feeding the boiler will be certificated pellet, due to availability of local 

biomass providers. The boiler is coupled with biomass storage (with capacity for 2 weeks of 

autonomy) through a mechanical feeding system, and to the exhaust gas chimney though an 

extractor fan; by this way the evacuation of the gases is automatically controlled for maintaining 

the boiler in safety condition (depression in combustion chamber) and the gas-to-water heat 

exchanger at its best working conditions. 

The boiler is coupled to the load via buffer tank, at higher temperature respect to ORC activation 

conditions, in order to store the fluid by volume and by temperature at the same time; the main 

idea is to dispose of enough energy, in the tank, to let the boiler modulating from minimum to 

maximum of its capacity without drop of temperature for ORC supply flow. Furthermore, the 

result of smoothing possible transients will be strengthened by mixing effect of the tank. 

As said in order to increase renewable energy fraction and consequently fossil fuels dependency, 

the biomass boiler has been oversized (1.5 MW) respect to ORC activation power. Since the 

building heating power has been estimated through numerical simulations in 2.93 MW, ORC 

condensing heat cannot cover directly building loads. The additional fraction of heat produced 

by the biomass boiler and not used in the co-generator is used for heating the water coming 
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back from the building via oil-to-water heat exchanger. Heat exchanger and ORC will be installed 

in parallel, designed for working in the same temperature range (from 60 to 70 °C), and both of 

them are installed in series respect to existing gas boilers. By this way, the biomass boiler 

delivers the 100% of its capacity (when possible) to building return flow, rising the temperature 

from 60°C to 65-68°C. When more severe conditions occur, gas boiler is activated. 

Oil-to-water heat exchanger has been designed taking into account the 100% of boiler capacity, 

in case of maintenance of the ORC, but most of the time will work in reduced power conditions 

(it is supposed that the ORC never stops), so it is necessary to install two 3-way valve in parallel, 

one for each side, in order to regulate the heat exchanged between primary and secondary 

loops. 

Actually the heat exchanger has been designed in order to accept 17% of the flow of the building 

and exchanging 100% of boiler energy at ORC nominal working conditions (same evaporation 

temperatures and same condensation temperatures), but future operation conditions can be 

affected by the introduction of insulation for the envelope, which should reduce building 

thermal loads. This condition makes necessary the use of an appropriate control system for 

avoiding undesired affects, like excessive heating up of water loop and excessive cooling down 

of oil loop. 

It has been strongly suggested to use gasket heat exchanger for maintenance issues. 

Regarding then the operational strategy for the biomass boiler, the machine is characterized by 

a simple logic which is already embedded in by the manufacturer. Therefore, only few 

parameters can affect its behaviour. After the activation signal is provided by the user, pump 

VSP1 imposes a given value of mass flow rate. Then the boiler regulates the amount of biomass 

to burn in order to satisfy the heating demand. When the biomass is off, the existing gas boilers 

can cover building’s loads. 

Boiler is modelled using equations for a generic boiler model capable of either maintaining a 

setpoint outlet temperature by varying the instantaneous functioning capacity, or working at 

design capacity and calculating the resultant outlet temperature. It also models the inertial 

effects in the system due to its thermal capacitance. 

Before elaborating on the calculations performed at the subdeck level, it is important to 

understand what definitions are used for boiler efficiencies and energy flows in the boiler. 

Overall boiler efficiency (𝜂𝑏𝑜𝑖𝑙𝑒𝑟 as shown in Eq. 1) is defined as the ratio of output energy 

(energy supplied to fluid (𝑄𝑓𝑙𝑢𝑖𝑑)) and energy input (energy supplied by fuel (𝑄𝑓𝑢𝑒𝑙)). Whereas, 

combustion efficiency (𝜂𝑐𝑜𝑚𝑏 as shown in Eq. 2) is defined as the ratio of summation of output 

energy (𝑄𝑓𝑙𝑢𝑖𝑑) and losses to surroundings (𝑄𝑙𝑜𝑠𝑠) to energy input (𝑄𝑓𝑢𝑒𝑙). 

𝜂𝑏𝑜𝑖𝑙𝑒𝑟 =
𝑄𝑓𝑙𝑢𝑖𝑑

𝑄𝑓𝑢𝑒𝑙
 

(1) 

𝜂𝑐𝑜𝑚𝑏 =
𝑄𝑓𝑙𝑢𝑖𝑑 + 𝑄𝑙𝑜𝑠𝑠

𝑄𝑓𝑢𝑒𝑙
 

(2) 
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1.1.2 Organic Rankine Cycle generator (ORC) 

In the Belgian demo building, a prototype of an ORC model is developed by RANK, using R245a 

as the working fluid, and with rated electrical generation capacities ranging between 99.2 kW 

and 70.8 kW according to evaporator/condenser inlet temperature respectively, whereas power 

extracted from the oil loop ranges from 562.9 kW to 455.7 kW. 

Organic Rankine Cycle (ORC) generator is modelled in TRNSYS using the performance curves 

received from the manufacturer RANK, and calculating the desired outputs. Performance curves 

received at part load conditions, activation temperature, and dissipation temperature are used 

to create a performance matrix for the model. 

At this point, it shall be noted that the performance curves provided by the manufacturer are 

for particular flow rates on evaporator and condenser sides. These values are 13 m3/h and 37 

m3/h, respectively. ORC model is only operational when both, the evaporator side and 

condenser side mass flow rates are greater than zero. Otherwise the outlet temperatures and 

mass flow rates on either sides are set to the inlet values. 

The part load performance curves, shown in Figure 3 and Figure 4, are presenting evaporator 

side thermal power (𝑄𝑂𝑅𝐶,𝑒𝑣𝑎𝑝) and electrical power (𝑊𝑒𝑙) as functions of inlet evaporator side 

temperature (𝑇𝑂𝑅𝐶,𝑒𝑣𝑎𝑝,𝑖𝑛). The data from performance curves is extrapolated to a wider range 

of inlet oil temperature at the evaporator side i.e. 185-245°C. 

 

Figure 3. Evaporator thermal energy of ORC unit as a function of oil inlet temperature for different 
condensing water temperatures. 
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Figure 4. ORC electrical energy of ORC unit as a function of oil inlet temperature for different 
condensing water temperatures. 

The performance matrix is supplied to the data interpolator as an input file. After reading the 

interpolated values of input thermal power by oil, electrical power produced and output thermal 

power, outlet temperatures at evaporator side (oil side) and cooling fluid (water) are calculated 

using energy balance Eq. 3, and Eq. 4. 

𝑇𝑂𝑅𝐶,𝑒𝑣𝑎𝑝,𝑜𝑢𝑡 =  𝑇𝑂𝑅𝐶,𝑒𝑣𝑎𝑝,𝑖𝑛 −
𝑄𝑂𝑅𝐶,𝑒𝑣𝑎𝑝

𝑐𝑝,𝑜𝑖𝑙 ∙ �̇�𝑂𝑅𝐶,𝑒𝑣𝑎𝑝
 

(3) 

𝑇𝑂𝑅𝐶,𝑐𝑜𝑛𝑑,𝑜𝑢𝑡 =  𝑇𝑂𝑅𝐶,𝑐𝑜𝑛𝑑,𝑖𝑛 +
𝑄𝑂𝑅𝐶,𝑐𝑜𝑛𝑑

𝑐𝑝,𝑤𝑎𝑡𝑒𝑟 ∙ �̇�𝑂𝑅𝐶,𝑐𝑜𝑛𝑑
 

(4) 

Thermal efficiency and electrical efficiency of ORC is calculated using Eq. 5, and Eq. 6. 

𝜂𝑡ℎ =  
𝑄𝑂𝑅𝐶,𝑐𝑜𝑛𝑑

𝑄𝑂𝑅𝐶,𝑒𝑣𝑎𝑝
 

(5) 

𝜂𝑒𝑙 =  
𝑊𝑒𝑙

𝑄𝑂𝑅𝐶,𝑒𝑣𝑎𝑝
 

(6) 

It has to be pointed out that the performance of the ORC here reported and used in the 

simulation analysis refer to the data provided by manufacturer at the beginning of the project. 

Therefore, these performance values could be in disagreement with the ultimate developments 

of RANK. 

1.1.3 Dry cooler 

The role of dry cooler in the proposed integration of the BRICKER system is to reject some heat 

from the return pipe of the heating system. This operation is considered for safety reasons in 

the real installation in the case of system components failures. On the contrary, the simulation 

of the BRICKER system does not include it. 
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1.1.4 Heat exchanger 

Primary heat exchanger (HX1) is model “B50H-Lx90” manufactured by SWEP, with a rated heat 

load of 1045 kW. This model is a counter-current heat exchanger with design values specified 

for Thermisol 66 oil and water as working fluids on source and load side respectively. HX1 

comprises of 90 plates and a total heat transfer area of 10.9 m2. 

At design conditions a temperature increase of 30 K is achieved on the water side at design inlet 

of 75°C, as seen in Table 1, which highlights the design values and key physical properties for 

HX1. 

Table 1. Design conditions for primary heat exchanger (HX1). 

Parameter Value Unit 

Heat capacity 1045 kW 

Source fluid Therminol 66 - 

Load fluid Water - 

Source inlet temperature 225 °C 

Source outlet temperature 135.12 °C 

Source side flowrate 13 m3/h 

Load inlet temperature 45 °C 

Load outlet temperature 75 °C 

Load side flowrate 30000 kg/h 

Total heat transfer area 10.9 m2 

Number of plates 90 - 

Heat flux 95.8 kW/m2 

 

1.1.5 Hydraulic components 

The proposed system utilizes a total of 5 Variable Speed Pumps (VSPs), locations of which are 

provided in Figure 2. The pumps are simulated in TRNSYS using Type 110. The model is able to 

maintain any outlet mass flow rate between zero and a rated value, varying linearly with the 

input control signal. Pump power drawn off the model, however is modelled using a polynomial. 

Pump starting and stopping characteristics are not modelled, as the time constants with which 

pumps react to control signal changes is shorter than the typical time steps used in hydronic 

simulations. 

Table 2. Variable speed pumps and their location. 

Pump Rated flowrate Rated power (estimated) Location 

VSP1 51.4 m3/h 7.5 kW Biomass boiler loop 

VSP2 40 m3/h 2.2 kW Source side of heat exchanger 

VSP3 13 m3/h 2.2 kW Evaporator side of ORC  

VSP5 37000 kg/h 3 kW Condenser side of ORC 

VSP6 43000 kg/h 3 kW Load side of primary heat exchanger 
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The thermal behavior of fluid flow in a pipe or duct is modelled using Type 31, which models this 

behavior using a “plug-flow” approach. Here the pipe is divided into variable size segments of 

fluid, with the entering fluid shifting the position of existing segments. This “plug-flow” model 

does not consider mixing or conduction between adjacent elements. 

 

1.2 System integration into the existing Belgian installation 

The energy distribution systems including pumps, high temperature terminals (radiators) and air 

handling units will not be modified. The control strategy of the energy distribution system 

described in Deliverable D4.43.a is therefore not changed. Potential improvements are possible 

on the overall management of heating load and on the control strategy of heating circuits and 

sub-circuits. 

 

Figure 5. System layout of the integration of BRICKER energy system in the existing heating system. 

 

1.3 Working schemes 

In the following paragraphs, a short description of energy system working schemes follows. The 

integration of the BRICKER system in the existing layout is based on the intention to maximize 

the fraction of heating load covered through BRICKER system and to replace gas fuel with 

biomass. Since heating capacity of the BRICKER system is limited, existing gas boiler system acts 

as a backup unit for covering the remaining fraction. 

1.3.1 Scheme Sc1: BLR in operational mode 

The sole objective represented by this scheme is maintaining the inlet temperature to the ORC 

and primary heat exchanger at a setpoint value (225°C). Hence, the activation of BLR is 
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dependent on condition of aforementioned temperature being below a certain value. It should 

be point out that the activation of this working scheme is independent to the other schemes. 

 

Figure 6. Working scheme Sc1. 

1.3.2 Scheme Sc2a: Heating through heat exchanger HX1 

Heating is load is covered primarily through the oil-water heat exchanger HX1. This configuration 

permits to follow more effectively building’s load during periods of low heating demand. The 

heating delivery is modulated by varying the oil volumetric flow rate on the primary side of the 

heat exchanger. The water mass flow rate on the secondary side of the heat exchanger HX1 is 

constant. The heating power delivered in this working mode is in the range of 1500 kW. 

 

Figure 7. Working scheme Sc2a. 
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1.3.3 Scheme Sc2b: Heating through heat exchanger HX1 and ORC condensing 
heat 

When the heating demand increases, heat exchanger HX1 is not sufficient to cover the building’s 

load. In this case the ORC unit works in parallel with the heat exchanger HX1 with respect to the 

return water temperature from the building. The operation of ORC is possible only if the return 

temperature from the building is comprised between 20°C and 70°C. If these conditions are not 

met, the activation of the ORC is impeded. Schemes Sc2a and Sc2b are defined as alternative 

schemes and they cannot be active at the same time. 

 

Figure 8. Working scheme Sc2b. 

 

1.3.4 Scheme Sc2c: Heating through the BRICKER system and the existing 
system 

If the building load further increases, then the heating load delivery by the BRICKER is not 

enough. The existing gas boiler system is switched on and covers the remaining heating load by 

modulating boiler capacity outputs. Since the main objective here is to cover the heating 

demand, scheme Sc2c can be active also when schemes Sc2a and Sc2b are on. 
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Figure 9. Working scheme Sc2c. 

 

1.4 Control strategy 

1.4.1 Sensors 

The following temperature sensors are used for controlling and measuring system components. 

Their position in the layout is shown in Figure 10. 

 T1:  Average oil temperature of storage tank (TES-I) in BLR circuit; 

 T4: Inlet oil temperature to ORC evaporator side; 

 T6: Inlet oil temp to BLR circuit; 

 T11: Average water temperature in the supply header of heating circuit; 

 T17:  Inlet water temperature to ORC condenser side; 

 T21: Outlet water temperature from HX1 secondary side. 
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Figure 10. Location of temperature sensors. 

1.4.2 Control signals 

Binary output signals of various control conditions, implemented using hysteresis loop, into the 

simulation model are briefly described in this sub-section. Selected monitored variables, on 

which the control strategies are based, form the input set for hysteresis based control signals. 

These binary signals, denoted using single alphabets, representing fulfilment of respective 

control conditions, are as follows:  

Signal A:  Control signal determining heating season from the 1st of January until the 13th 
of May and from the 17th of September until the 31th of December. 

Signal B: Control determining if T1, oil temperature at outlet of second tee piece (TPC2) is 
less than a specific value (225 ± 10 °C). 

Signal C: Control determining if the temperature in the heating header (supply side) is 
comprised (Tw,sp + 2 K) and (Tw,sp + 5 K). Tw,sp

2 is the maximum supply heating water 
temperature to radiant system and AHU system. This control signal is used for 
activating BRICKER system. 

Signal D: Control determining if the temperature in the heating header (supply side) is 
comprised (Tw,sp - 2 K) and (Tw,sp + 2 K). Tw,sp is the maximum supply heating water 
temperature to radiant system and AHU system. This control signal is used for 
activating the existing system. 

Signal E: Control determining if ORC condensing inlet water temperature (T17) is not too 
high for ORC operation (70°C)3. 

                                                           
2 It is a function of the required indoor set point temperature of a specific building block Tair,sp and the 
outdoor dry bulb temperature Tdb (see simulation result of WP4.1). 

3 It is noticed that the return temperature from the heating distribution system is always greater than 
minimum condensing ORC inlet temperature (20°C). Therefore this condition is not included as an 
additional control signal. 
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Signal F:  Control determining if the inlet temperature to ORC evaporator (T4) is greater 
than a minimum value (185°C)4. 

In order to prioritize the activation of the BRICKER system for covering heating loads with respect 

to the existing system, two signals are defined (signal C and D). These differ simply in the 

temperature deadbands for activation/deactivation. BRICKER system activates at a lower 

temperature of the supply heating header than the existing system. 

1.4.3 Schemes 

Probable and feasible combinations of different hysteresis based control signals, are termed as 

schemes. Classification of schemes, their key characteristics, and prioritization within them has 

been discussed in the earlier Section 1.3. 

Table 3 elaborates on the formalization of these schemes, in numerical terms, as functions of 

output control signals from hysteresis based controls. 

Table 3. Scheme algebraic definition. 

Schemes Description Logic 

Scheme Sc1 BLR - Activation A*B 

Scheme Sc2a Heating by HX1 only A*C*NOT(NOT(E)*F) 

Scheme Sc2b Heating by ORC and HX1 A*C*NOT(E)*F 

SchemeSc2c Heating by BRICKER and existing system together A*D 

1.4.4 Component activation signals and pump modulations 

Control signals to the components, in each scheme, are based on its activation/deactivation of 

that specific scheme. Whereas, for pumps and diverters, the control signals are a product of 

schemes and corresponding modulations, or valve opening factors respectively. Table 4 

elaborates on control signals for key components. Table 5 elaborates on the control signals for 

pumps, whereas the setpoint temperatures used at the individual component level are 

described with logic in Table 6. 

Tempering valve across TES1 (TPV1) maintains the design inlet temperature at evaporator side 

of ORC by bypassing fraction of the fluid flow. Tempering valve across source side of HX1 (TPV2) 

maintains a design temperature gradient on the load side of HX1, based on inlet temperature. 

 

Table 4. Component activation signals with description. 

Component Description Logic 

BLR_CS Activation signal for BLR Sc1 

ORC_CS Activation signal for ORC Sc2b+Sc2c 

 

                                                           
4 The design of the oil loop is done in a way to impede that oil temperature higher than 245°C are 
achieved. Therefore this condition is not included as an additional control signal. 



Simulation report of Belgian demonstrator. Active systems integration 18 / 28 

 

 

 

BRICKER 

GA nº 609071 

 

 

Table 5. Pump activation signals with description. 

Pump Description Logic 

VSP1_CS Activation of PTC loop pump Sc1 

VSP2_CS Activation of BLR loop pump Sc2a+Sc2b 

VSP3_CS 
Activation of ORC evaporator side 
pump 

Sc2b+Sc2c 

VSP4_CS Activation of HX1 source side pump 0 

VSP5_CS Activation of ORC condenser side pump Sc2b+Sc2c 

VSP6_CS Activation of HX1 load side pump  Sc2a+Sc2b 

 

Table 6. Setpoints at subdeck level with description. 

Subdeck 
Setpoint 

Description 
Logic 

TV1_THS  
Temperature of hot source to 
tempering valve 1 

T6 if T6>TES1_TFO_DP2 
TES1_TFO_DP2 if TES1_TFO_DP2>T6  

TV1_TSP 
Setpoint for tempering valve 1 V2_TSP if V1_TSP>T16  

T16 if T16>V1_TSP 
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2 System performance by means of transient simulation 

This section further elaborates on operational strategies developed for the system components 

in Section 1, using their instantaneous working plots. 

2.1 System boundaries and definition of system performance figures 

The performance analysis of any energy systems starts with the definition of appropriate system 

boundaries. With respect to the Belgian installation, system boundary Σ2 is considered (see 

Figure 11). 
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Figure 11. System layout showing system boundaries in yellow. 

At these measurement boundaries, it is possible to identify system energy inputs, outputs and 

losses and in particular: 

 System inputs: useful energy provided by the biomass boiler (P1)5; electricity inputs for 

water and oil pumps and ORC;  

 System outputs: heating load supplied to the building (P10) and electricity generated by 

the ORC machine; 

 System losses: thermal losses from hydraulic components like pipes, buffers, storages 

and hydraulic junctions. 

                                                           
5 In this calculation useful energy inputs are considered (not end energy). 
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Additionally to these, energy measured in boundary P12 quantifies the overall heating delivered 

to the building, whereas P11 measures the contribution of the existing system. 

Inputs and outputs are also used for calculating a set of performance figures define below: 

 Final Energy demand (FE). According to the Eurostat, the Final Energy is the energy 

consumed by end users. It reaches the final consumer's door and excludes that which is 

used by the energy sector itself. Final energy consumption excludes energy used by the 

energy sector, including for deliveries, and transformation. It also excludes fuel 

transformed in the electrical power stations of industrial auto-producers and coke 

transformed into blast-furnace gas where this is not part of overall industrial 

consumption but of the transformation sector. 

 Primary Energy demand (PE). Primary Energy definition converts the energy derived 

from an energy carrier (i.e. electricity, gas, oil, wood) into an equivalent fossil energy. In 

order to perform this calculation for the scopes of the BRICKER project, the coefficients 

(defined as Cumulative Energy Demand CED in kWhPE/kWhFE) listed in Table 7 are used 

for converting final energy into the equivalent primary energy content. It has to be 

pointed out that the electricity generated through the ORC unit is subtracted to the 

global electricity consumption of the BRICKER and existing systems. 

Table 7. European average values for CED and GWP for different energy carriers. 

Energy carrier 
CED GWP 

[kWhPE/kWhFE]] [kgCO2,eq/kWhFE] 

Electricity 3.13 0.56 

Gas 1.24 0.26 

Oil 1.30 0.32 

Wood – Logs 0.063 0.015 

Wood – Pellets 0.24 0.045 

Wood – Chips 0.086 0.018 

Solar energy 0.0 0.0 

 Global Warming Potential (GWP). Is the weighted addition of the emission of different 

greenhouse gases when providing final energy, including emissions generated during 

the construction of the electric grid and power plants. It is expressed in terms of 

kgCO2,eq/kWhFE for a time frame of 100 years. In a similar way, the GWP for a generic 

system can be defined as: 

 𝐺𝑊𝑃 =  
∑ 𝐹𝐸𝑖 ∙ 𝐺𝑊𝑃𝑖𝑖

𝑄ℎ𝑒𝑎𝑡
 (7) 

Besides energy efficiency indicators, economic performance figures are crucial for evaluating 

the profitability of BRICKER system. In order to analyze further these issues, electricity and gas 

energy prices are assumed as 0.1454 €/kWh and 0.047 €/kWh, respectively. These values are 

referred to year 2013. Biomass energy price is derived from real market prices in Liege and it is 

estimated in 0.049 €/kWh (VAT included). 
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2.2 Simulation results 

The simulation results of the integration of the BRICKER system as previously described are here 

presented. Energetic, environmental and economic performance indicators are compared for 

the cases of Table 8. For sake of clarity, renovation interventions are varied one-at-time. Case 0 

represents the existing building scenario, where the building envelope is not renovated and the 

heating load is covered through the gas boiler heating system. Case 1 shows the impact of the 

renovation of the building envelope of Block I and Block VI on the overall building performance. 

Passive BRICKER technologies such as decentralized ventilation units and PCM+PIR insulation 

are considered for this purpose. In Case 2 passive and active BRICKER technologies are 

integrated as proposed. With respect to Case 1, BRICKER system aids the existing heating system 

in covering building loads. Simulation results of Case 0 and Case 1 are retrieved from simulation 

reports of WP 4.1 and WP 4.2, respectively. 

Table 8. List of alternative scenarios. 

Case Description Envelope Energy system 

0 Reference case (WP 4.1) 
Non 

renovated 

Non renovated 
(only existing gas 

boilers) 

1 
Renovation of building envelope through passive 
BRICKER technologies (WP 4.2) 

Renovated 
Non renovated 

(only existing gas 
boilers) 

2 
Building renovation through passive and active 
BRICKER technologies (WP 4.3) 

Renovated Renovated 

 

Further to scenarios of Table 8, an additional case is considered (Case 3). The integration of the 

BRICKER system is based on an operation strategy that aims to maximize the fraction of the 

heating covered through the BRICKER system, replacing gas boilers with a more efficient and 

environmental friendly biomass boiler. If from an environmental perspective this configuration 

will most likely lead to large benefits, the actual energy costs of gas and boiler makes system’s 

cost-effectiveness critical. The idea then is to maximize the operation of the ORC and understand 

if electricity savings, consequence of ORC operation, can compete with operation strategy of 

Case 2. In other words, in Case 3 the operation of ORC has the priority on HX1. 

Figure 12 compares the specific final energy for different scenarios. The graph shows final energy 

inputs for biomass, gas and electricity for the existing and BRICKER system. It can be noted as 

the renovation of the building envelope saves 25% of the final energy which reflects in an 

equivalent gas saving. In Case 2, gas consumption of the existing system is partly replaced by 

biomass consumption of the BRICKER system (about 57%). Case 3 varies from Case 2 in the 

operation of biomass boiler and ORC. This translates in reducing biomass consumption from 

122.53 kWh/(m2y) to about 50 kWh/(m2y) (-59.2%). 
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Figure 12. Comparison of yearly final energy consumption for different renovation scenarios. 

 

Table 9. Yearly final energy consumption for different renovation scenarios. 

 Gas Electricity Biomass 
Total 

 Existing Existing BRICKER BRICKER 

Case [kWh/(m2y)] [kWh/(m2y)] [kWh/(m2y)] [kWh/(m2y)] [kWh/(m2y)] 

0 285.52 3.96 - - 289.48 

1 213.11 3.66 - - 216.76 

2 90.18 1.62 2.43 122.53 216.76 

3 161.39 1.99 3.33 50.06 216.76 

 

Figure 13 shows yearly specific primary energy consumptions. The primary energy of the existing 

building (Case 0) amounts to 298.96 kWh/(m2y). The renovation of the building envelope (Case 

1) leads to yearly primary energy savings of about 25%. As said previously, this result is achieved 

by intervening only on Block I and Block VI. The installation of the BRICKER system as proposed 

(Case 2) reaches a primary energy savings of about 56% with respect to Case 0. This result is 

possible thanks to the lower CED coefficient of biomass with respect to gas fuel. Because of an 

higher share of gas consumption with respect to Case 2, primary energy savings in Case 3 are 

reduced only to 37%. By definition, CO2 emissions are directly proportional to primary energy. 

In the reference Case 0, an equivalent CO2 production of 1656 tonn/year is estimated. After 

BRICKER renovation, this environmental indicator is reduced to about 812 tonn/year and 1082 

tonn/year for Case 2 and Case 3, respectively. 
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Figure 13. Comparison of yearly primary energy consumptions for different renovation scenarios. 

 

 

Figure 14. Comparison of equivalent CO2 emissions for different renovation scenarios. 

 

Performance indicators of ORC operation are listed in Table 10. The operation time of Case 2 

amounts to 1043 hours corresponding to 18% of the heating season. The electricity consumption 

of the existing system (Case 1) with respect to the non-renovated building (Case 0) is reduced of 

about 7.6%. This is mainly due to shorter operation time of circulating pumps of the heating 

system consequent to higher efficiency of building envelope. Although the BRICKER system 

(Case 2) further reduces this value to 58.9% with respect to Case 0, it accounts additional 

electricity consumption due to ORC and dedicated circulating pumps operation. The total 

building electricity consumption of the heating system is increased up to 90.4 MWh/y (+2.3%). 
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On the contrary the electricity generation amounts to 54.2 MWh/y and this permits to cover up 

60.3% the yearly electricity consumption. The operation strategy in Case 3 leads to a longer ORC 

operation up to 2226 hours. The electricity generation consequently is much higher and 

amounts to 149.4 kWh/(m2y) 

Table 10. Performance indicators of ORC operation. 

 
ORC operation 

Electricity 

generation 

Electricity consumption 

 BRICKER system Existing system Total 

Case h [MWh/y] [MWh/y] [MWh/y] [MWh/y] 

0 - - - 88.3 88.3 

1 - - - 81.6 81.6 

2 1043 54.5 54.2 36.2 90.4 

3 2226 149.4 74.2 44.1 118.6 

 

Yearly energy costs (denoted with a positive sign) and savings (negative sign) are shown in Figure 

15 and in Table 11. The costs of the heating system for the reference Case 0 are estimated in € 

312,230 per year. The economic savings after renovation of the building envelope (Case 1) 

reduces these operational costs of about 24.6%. The integration of BRICKER system (Case 2) 

does not lead to a further substantial reduction since the unitary energy cost of biomass and gas 

are in the same range. Case 2 permits to save about 25.2% of operational costs before 

renovation. This increase with respect Case 1 is due to ORC electricity generation which permits 

to save about € 7,926 per year. 

The synergic operation of ORC and biomass boiler is therefore critical for reaching a cost-

effective installation. If from an environmental point of view, the biomass boiler contributes in 

reducing the primary energy demand of the building, on the contrary the economic analysis 

reveals contrasting results. In economic terms the additional savings introduced by the replacing 

gas boilers with a more environmental friendly biomass boiler (Case 2) w.r.t. Case 1 amount to 

0.6%. This value is mainly due to the fact that the heating load is covered first directly from HX1 

bypassing the ORC, but moreover that gas and biomass have similar unitary energy costs.  

This said, a proposal for the operation of the BRICKER system is translated in simulation Case 3. 

The driving idea is to maximize the ORC operation and therefore the electricity generation in 

order to increase electricity savings. Since the actual biomass costs are not competitive with gas 

costs, biomass boiler will be limited to provide heat to ORC. The condensing heat of ORC will be 

the only contribution of BRICKER system to cover building loads and the remaining fraction will 

be covered through the existing gas boiler system. 

From an economic point of view, this proposal (Case 3) has substantial benefits in comparison 

to Case 2. Biomass costs are reduced from € 133911 to € 54709 per year and electricity 

generated by the ORC varies from € 7926 to € 21727 per year. Compared to Case 0, this 

configuration leads to yearly savings of € 92781. 
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Figure 15. Comparison of yearly energy costs and savings for different renovation scenarios. 

 

Table 11. Yearly operational costs for different renovation scenarios. 

 Gas Electricity consumption Biomass 
Electricity 

Generation Total Savings 

 Existing Existing BRICKER BRICKER BRICKER 

Case [€/y] [€/y] [€/y] [€/y] [€/y] [€/y] [€/y] [%] 

0 299387 12843 - - - 312230 - - 

1 223460 11860 - - - 235321 79909 24.6 

2 94556 5270 7876 133911 -7926 233688 78542 25.2 

3 169227 6448 10791 54709 -21727 219449 92781 29.7 
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3 Conclusions 

As reported in Deliverable D4.43.b, renovation of envelope in Block I and VI leads to a reduction 

of the heating demand at whole building level from 185 kWh/(m2y) to 144 kWh/(m2y). This turns 

into a consequent final and primary energy reduction of about 25%. 

The present Deliverable D4.43.c has investigated the impact of active BRICKER technology on 

the renovated building envelope as described in Deliverable D4.43.b. This activity is conducted 

through numerical simulations. 

The reduction of primary energy demand, and consequently CO2 emissions, is one of the most 

important objectives to fulfil by the BRICKER system. In this perspective, the proposed control 

strategy consisted in replacing the operation of existing gas boilers with more environmental 

friendly biomass boilers. This strategy leads to the following results: 

 Reduction of primary energy of 56% w.r.t. the existing reference case and analogous 

CO2 reduction; 

 Electricity consumption slightly increases (+2.3%) w.r.t. the reference scenario, but this 

value is covered up to 60% on an yearly basis through the electricity generated by the 

ORC; 

 In terms of yearly operation costs, the BRICKER system is not showing any significant 

improvement w.r.t. the renovated building scenario supplied through the existing gas 

boilers. This is mainly due to the low unitary electricity cost (0.1454 €/kWh) and the high 

biomass costs which is almost the same of the gas price (0.049 €/kWh and 0.047 €/kWh). 

As no major improvements on system operational costs are achieved, a new proposal for the 

operation of the BRICKER is elaborated. Here the idea is to maximize the operation of the ORC 

fed by the biomass boiler in order to increase the electricity savings and therefore reduce 

operation costs. The following proposal brings the following outcomes: 

 The total final energy of the system is covered by 23% through biomass (in the initial 

proposal it was 56%). Consequently the primary energy savings reduce to 37% w.r.t. 

the non-renovated scenario; 

 The electricity consumption is increased w.r.t. to the non-renovated case (+34.3%), 

but thanks to a longer operation of the ORC there it is a surplus of electricity that 

fully covers this electricity consumption and a remaining part can be used for 

covering other building electricity uses; 

 In terms of operation costs, the benefit w.r.t. the initial proposal amounts to 

additional 4%. All-in-all operation costs are quantified in 219 k€ (-29.7% w.r.t. the 

non-renovated scenario). 

To conclude, it can be said as the economic viability of the system is very dependent to energy 

costs. Biomass costs in particular should be in general lower than gas price otherwise the 

convenience of replacing gas with biomass is null. A conservative but efficient strategy in terms 

of operation costs but also in terms of primary energy reduction, it is to exploit the biomass 

boiler mainly for supply ORC evaporator for the combined production of heat and electricity. 

Condensing heat is used for heating the building, while electricity covers the consumption of the 
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building. When the BRICKER capacity is not sufficient for covering building loads, existing gas 

boiler systems compensates the rest of the heat. 
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