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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 Turkish demonstrator. As a third part of 

Deliverable D 4.42, 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. The analysis here is 

conducted by evaluating the energy potential of the BRICKER system assuming a constant return 

temperature from the system. 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 and cooling 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 performances are 

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

(heat or electricity) and losses. Yearly and seasonal performance figures are calculated for the 

proposed layout and control strategy of the BRICKER system. In order to increase the knowledge 

on the performance of the system, a brief parametric analysis is conducted on key operation 

aspects of the system. Recommendations and potential improvements to the actual system are 

included. 
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1 Description of the energy system 

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

concept for the Turkish 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 Turkish demo can be summarized in the following points: 

 The existing heating and cooling systems are based on gas boilers and electrically driven 

water–to-water chillers, respectively. The existing energy distribution system consists in 

an air-based ventilation system for cooling and water radiators + ventilation for heating; 

it won’t be subjected to any renovation within BRICKER frame. 

 Because of the size of the hospital building, the contribution provided by the BRICKER 

system will only cover a small part of the total load of the building. Therefore, the 

existing system and the BRICKER will be operated in series, where the BRICKER system 

pre-heats or pre-cools the inlet water to existing equipment. 

 Because of the good exposure of the installation, solar collectors will play an important 

role in the renewable energy harvesting. 

It is expected that the efficiency of the existing system can be greatly improved through the 

installation 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 (BRICKER) can be represented by a schematic single line connection diagram as shown 

in Figure 1 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. These three parts of the energy system i.e. EGUs, ECUs, 

and EDUs, are depicted by red, green, and blue dotted boxes. The main distinguishing point is 

their relative function in the energy system and in particular: 

 EGUs generate thermal energy by utilizing solar renewable source. 

 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 and cooling loads. 

Possibility of using steam or pressurized hot water as heat transfer fluid, in place of oil, has been 

rejected due to the excessive pressures required by operating over 200ºC. 
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Figure 1. Single line diagram of the energy system. 

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

in Figure 2. The BRICKER energy system for the Turkish demo building has as EGUs a solar 

collector field (about 1830 m2) integrated in series with a natural gas boiler (465 kW) for topping. 

Both components directly feed an oil loop which aims to provide a relative constant inlet oil 

temperature for the evaporator of the ORC unit. Then the condensing water of the ORC can be 

used for covering directly (as much as possible) the heating building loads by pre-heating the 

return from all blocks or alternatively feeding the generator of a sorption chiller for providing 

chilled water to the return from all the blocks. In case the energy dissipated by the ORC on the 

condenser side is not sufficient, the solar field can further provide the required amount of heat. 

 

Figure 2. Turkish demo trigeneration system layout. 

The advantages of this concept are quite a few and in particular: 
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 The significant reduction of fossil fuel consumption and consequent greenhouse 

emissions in the existing system due to the extensive use of renewable energy sources; 

 The potential contemporary covering of thermal (heating or cooling) and electrical loads 

of a given building due to the presence of the ORC unit; 

 The flexibility in covering thermal heating loads at high (i.e. radiators), medium (heating 

and ventilation coils) or low (radiant system) distribution temperatures; 

 The high replicability potential in different building typologies and geographic locations. 

Beneath to these, a series of requirements which turn into challenges too, in the BRICKER energy 

system, should be evenly mentioned: 

 The integration of the new energy system into the existing one, not only from a mere 

electro-mechanical installation perspective but mainly in the control and regulation of 

systems operation priorities and strategies; 

 The mismatch between energy consumption and generation through stochastic 

renewable energy sources (i.e. solar radiation) should be solved in order to maximize 

the renewable energy exploitation; 

 The optimization of the thermal cascade exploitation in heating and cooling processes 

and the consequent maximization of the exergetic performance; 

 The definition of cost-optimal scenarios in which final energy savings make the higher 

upfront costs as effective as state-of-the-art alternatives; 

 To conclude, a whole methodology that has to be used in order to maximize the 

replicability impact of the BRICKER concept. 

 

1.1 Brief description of system components 

1.1.1 Parabolic trough collector 

Each PTC included in the solar field is modelled with Type 1257 which assumes that the fluid 

flowing inside the absorber tube could be divided into a user-defined number of nodes, i.e. fixed 

volume sections with unique thermo-physical properties. Increasing the number of nodes means 

a more realistic simulation, but also a higher computational cost. Moreover, for most common 

flow rates, too many nodes can lead to numerical instability. 

On each node a heat balance is written as follows: 

𝑑(𝑚𝑢)

𝑑𝑡
= �̇�𝑎𝑏𝑠 + �̇�𝑓𝑙𝑢𝑖𝑑,𝑖𝑛 − �̇�𝑓𝑙𝑢𝑖𝑑,𝑜𝑢𝑡 − �̇�𝑙𝑜𝑠𝑠 

(1) 

The rate of absorbed solar energy by the PTC node is calculated as: 

�̇�𝑎𝑏𝑠 = 𝐷𝑁𝐼 𝐼𝐴𝑀 𝜂𝑒𝑛𝑑𝑙𝑜𝑠𝑠 𝜂𝑜𝑝𝑡 (2) 

DNI is the solar beam irradiance normal to the concentrator surface, from sunrise to sunset. 

Since a PTC follows the sunrays throughout the day, with a continuously change of its surface 
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normal direction, an irradiance value on a tilted surface has to be considered to estimate to total 

amount of solar radiation that can be captured by the solar device.  

As diffuse radiation falls on the ground with casual angles of incidence, it is considered as 

available irradiance for concentrating collectors. This issue represents a significant limitation on 

the practical use of the total amount of solar radiation, especially when bad weather condition 

occurs. 

Optical efficiency 𝜂𝑜𝑝𝑡 of the PTC is associated to: 

 reflectivity of the mirror surface (typically in the range of 0.93 for clean surfaces); 

 intercept factor which accounts for the fraction of direct solar radiation not reaching the 

absorber tube (typically estimated in 0.95); 

 transmissivity of the glass tube covering the metal absorber tube (usually 0.93); 

 absorptivity of the absorber selective coating of the absorber pipe (typically 0.95 for 

cermet coatings). 

The end loss efficiency factor 𝜂𝑒𝑛𝑑𝑙𝑜𝑠𝑠 and it is computed was follows: 

𝜂𝑒𝑛𝑑𝑙𝑜𝑠𝑠 = 1 − 𝐹𝐿
𝑡𝑎𝑛𝜗

𝐿
 

(3) 

Where 𝐹𝐿 is the focal length [m], 𝐿 is the collector length [m] and 𝜗 is the incident angle. 

The total thermal loss in a PTC is due to radiative heat loss from the absorber pipe to ambient 

added to convective and conductive heat losses from the absorber pipe to the glass cover. 

Although these heat losses are determined by different mechanism, they are usually estimated 

all together through an overall thermal loss coefficient. The resulting formula is: 

�̇�𝑙𝑜𝑠𝑠 = 𝑈𝑃𝑇𝐶 ∙ 𝐴𝑃𝑇𝐶 ∙ (𝑇 − 𝑇𝑎𝑚𝑏) (4) 

The loss term coefficient 𝑈𝑃𝑇𝐶  is calculated from the following correlation evaluated at 25°C.  

𝑈𝑃𝑇𝐶 =
𝑈′

𝑤(𝑇 − 25)
 

(5) 

Where: 

 𝑈′ = 𝑎0 + 𝑎1𝑇 + 𝑎2𝑇2 + 𝑎3𝑇3 + 𝐷𝑁𝐼(𝑎4𝑇 + 𝑎5𝑇2) is a correlation derived from 

(Forristall R., 2003) 

 𝑤 is the mirror aperture width. 

Dimensional parameters are based on data provided by the PTC manufacture Soltigua. The 

parabolic through collector commercial model considered in the system design is PTMx-36, 

whose main characteristics and operational limits are gathered in Table 1. 

The PTMx sun-tracking PTC series features iron tempered glass mirrors, a selectively coated 

receiver and hot-dip galvanized metal structure and supports. 
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All models are equipped with a PLC controller, which allows a remote automatic control, 

including stowing procedures in case of bad weather, strong wind, overheating or insufficient 

flow rate, to prevent damages. These collectors can utilize whether water or thermal oil as 

working fluids. Oil is the selected fluid for the system high temperature loop and properties are 

modelled with the correlations described in the previous subchapter. 

Table 1. Characteristics and operational limits of PTC model PTMx 36 by Soltigua. 

Parameter Value Unit 

Gross collector length 39.62 m 

Collector width 2.37 m 

Net collecting surface 82 m2 

Absorber diameter 38 mm 

Concentration ratio 19.9 - 

Total weight 2613 kg 

Maximum oil temperature 250 °C 

Maximum working pressure 8 bar 

Minimum oil flow rate (200-250°C) 20 l/min 

Maximum oil flow rate 120 l/min 

Maximum wind load (on ground) 88 km/h 

 

The Turkish demo solar field includes 20 PTMx-36 concentrating collectors arranged in five rows 

of four collectors each. An estimate of the overall thermal power provided by the PTC field gives 

a value of about 950 kW. 

Regarding the collector efficiency parameters, some calculations have been done in order to 

match the technical data sheet values with the parameters defined within the simulation model. 

η_opt is defined in the model as the product of the optical efficiency reported in Soltigua 

datasheet and an additionally efficiency related to the PTC sun tracking efficiency in real 

operating condition, η_track=0.95; the latter parameter is determined by the manufacturer too. 

Experimental data regarding the collector Longitudinal IAM for different values of incidence 

angle ϑ are also given by Soltigua. Starting from this data set, a fit is performed to obtain the 

parametric IAM definition described above. The fit curve obtained with this calculation is here 

reported. 
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Figure 3. Fit curve for IAM in the PTC TRNSYS model. 

Type 1262 is used to determine incident radiation upon an array of collectors that shade one 

another. It is designed for single axis tracking parabolic trough collectors with a tracking axis 

assumed to be horizontal and along north-south direction. 

1.1.2 Gas boiler 

Heat delivery to ORC or to the building is possible only when solar harvesting is active. In the 

Turkish BRICKER demo layout, the gas boiler activates only when solar pump is operating, i.e. 

whenever enough solar energy is available. In order to keep constant the inlet oil temperature 

in the evaporator of the ORC (225°C), conversely if the temperature T2 > 225°C gas boiler is off. 

The Turkish Demo Tender specifies a thermal oil boiler capacity of 400000 kcal/h (465 kW), 

which is a standard size for industrial boiler models. Therefore, a commercial product is selected 

in order to choose a proper overall efficiency for the BRICKER specific case. 

These heaters include an internal arrangement of tube coils made of steel pipes (Figure 4). Oil is 

heated gradually to the operational temperature during the circulation inside the coiled up tube: 

firstly by radiant heat transfer in the combustion chamber, then by convection heat from the 

combustion gasses. The first takes place in the inner cylindrical tube coil which is directly 

confining with the chamber, whereas the latter occurs in the outer tube coil, as the hot gasses 

pass next to it. The piping design ensures a fixed and constant velocity of the thermal oil, as well 

as limited thermal oil volume compared to heater size. Besides, remarkable thermal expansion 

due to high fluid temperature is allowed by the coil design. 

The selected model TPC-H400 manufactured by Babcock Wanson is a horizontal thermal oil 

boiler, which possess the required net capacity and a thermal efficiency of 86 %. It could be fed 

with natural gas or diesel oil, according to the mounted burner. 
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Figure 4. Schematic of the internal arrangement of a thermal oil heater. 

The boiler is modelled with Type 6 from the HVAC TRNSYS Library, which refers to a generic 

auxiliary heater. This heater model provides a certain thermal power to the fluid stream, 

whatever the energy carrier is. In fact, just modifying the thermal conversion efficiency 

parameter an electrical or any fuel-powered heater can be simulated. 

The auxiliary thermal oil heater is modelled to raise the temperature of a fluid flow to achieve a 

user-defined set point. It is designed to provide heat at a rate less than or equal to the boiler 

rated capacity �̇�𝑚𝑎𝑥. 

When the input control function γ is equal to 1 so and a sufficient maximum capacity is provided, 

Type 6 maintains the outlet temperature at the constant value of 𝑇𝑠𝑒𝑡. If the inlet fluid 

temperature is greater than outlet set point and in case of no-flow condition, the boiler is not in 

operation and therefore the outlet fluid conditions equal inlet ones. 

𝑇𝑜𝑢𝑡 = 𝑇𝑖𝑛 +
�̇�𝑚𝑎𝑥 ∙ 𝜂𝑡ℎ

�̇�𝑓𝑙𝑢𝑖𝑑 ∙ 𝐶𝑝,𝑓𝑙𝑢𝑖𝑑
 

(6) 

1.1.3 Organic Rankine Cycle generator (ORC) 

In the Turkish 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. 
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The part load performance curves, shown in Figure 5 and Figure 6, 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 5. Evaporator thermal energy of ORC unit as a function of oil inlet temperature for different 
condensing water temperatures. 

 

Figure 6. 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. 7, and Eq. 8. 

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

𝑐𝑝,𝑜𝑖𝑙 ∙ �̇�𝑂𝑅𝐶,𝑒𝑣𝑎𝑝
 

(7) 
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𝑇𝑂𝑅𝐶,𝑐𝑜𝑛𝑑,𝑜𝑢𝑡 =  𝑇𝑂𝑅𝐶,𝑐𝑜𝑛𝑑,𝑖𝑛 +
𝑄𝑂𝑅𝐶,𝑐𝑜𝑛𝑑

𝑐𝑝,𝑤𝑎𝑡𝑒𝑟 ∙ �̇�𝑂𝑅𝐶,𝑐𝑜𝑛𝑑
 

(8) 

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

𝜂𝑡ℎ =  
𝑄𝑂𝑅𝐶,𝑐𝑜𝑛𝑑

𝑄𝑂𝑅𝐶,𝑒𝑣𝑎𝑝
 

(9) 

𝜂𝑒𝑙 =  
𝑊𝑒𝑙

𝑄𝑂𝑅𝐶,𝑒𝑣𝑎𝑝
 

(10) 

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. 

1.1.4 Dry cooler 

The role of dry cooler in the proposed integration of the BRICKER system is to reject excess 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. 

1.1.5 Heat exchangers 

The thermal oil-water heat exchanger HX1 is designed according to the Turkish Demo Tender 

specification to guarantee the required performance for the water loop additional heating. 

Nominal operation conditions are defined for an inlet oil temperature of 225 °C and an inlet 

water temperature of 70 °C. The selected model is “B30L0x54” manufactured by SWEP, which 

is a counter-current BPHE including 54 plates, forming 26 hot flow channels and 27 cold flow 

channels, and a total heat transfer area of 2.4 m2. This product has been tested at design 

condition by the manufacturer, giving a mean heat transfer coefficient U of 1660 W/(m2K). 

The same commercial product, but with different working condition has been considered for 

HX2: the source side nominal inlet conditions are the same as HX1, but in this case the inlet 

water temperature is 10 °C lower and, consequently, the related heat transfer coefficient slightly 

differs from the one calculated for the first model. 

Heat exchanger HX3 transfers heat from the condensing water loop to existing heating 

distribution loop. In both, water is used as medium. The commercial model product is 

“B250ASHx172/1P” manufactured by SWEP, a brazed plate exchanger with 172 plates and a 

total heat transfer area of 22.1 m2. Nominal inlet temperatures are 80°C for the source side and 

50°C for load side. 

A thermal loss factor of 8% is assumed for all three exchangers HX1, HX2 and HX3. 
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1.1.6 Adsorption chiller 

According to Turkish demo tender specifications, the model ECO-MAX D-75 produced by PPI is 

selected for installation. It includes two beds of silica gel and water as refrigerant fluid. Its rated 

capacity and COP are 267 kW and 0.55, respectively. However, these performance values are 

achieved in different operating condition (Table 2) than the BRICKER system nominal condition, 

with the main difference represented by the commercial product nominal source flow which 

doubles the BRICKER one. 

Table 2. Main characteristics of adsorption chiller model ECO MAX D-75 by PPI. 

Parameter Value Unit 

Chiller length 5.06 m 

Chiller width 2.16 m 

Chiller height 2.92 m2 

Chiller weight 11820 kg 

Nominal hot water flow rate 69 m3/h 

Nominal chilled Water flow rate 41 m3/h 

Nominal cooling Water flow rate 125 m3/h 

Nominal hot water inlet temperature 90.6 °C 

Nominal hot water outlet temperature 83.9 °C 

Nominal chilled water inlet temperature 12.8 °C 

Nominal chilled water inlet temperature 7.2 °C 

Nominal cooling water inlet temperature 29.4 °C 

Nominal cooling water inlet temperature 35 °C 

Maximum working pressure (all streams) 4.8 bar 

Nominal COP 0.55 - 

Nominal Capacity 267 kW 

Operating electric consumption 0.8 kW 

Hot water operating temperature range 51.7 - 93.3 °C 

Chilled water operating temperature range 3.3 - 20.0 °C 

Cooling water operating temperature range 10.0 - 39.0 °C 
 

Subsequently, ECO-MAX D-75 will work in off-design condition to match the real inlet condition. 

Figure 7 and Figure 8 show COP and capacity dependence on hot water and chilled water inlet 

temperatures, for the selected model. 
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Figure 7. ECO-MAX D-75 COP for different source water inlet temperature (grey scale) and a cooling 
water inlet temperature of 30°C. 

 

Figure 8. ECO-MAX D-75 cooling capacity for different source water inlet temperature (grey scale) and 
a cooling water inlet temperature of 30°C. 

The adsorption chiller is modelled with Type 909. The chiller performance is incorporated 

through a performance map with data provided by the manufacturer. This type interpolates 

linearly between the given cooling performance points to give the adsorption chiller 

performance at the current input values, but does not extrapolate beyond the provided data 

range: if the simulation inlet values exceed the range, the maximum or the minimum values of 

COP and capacity will be set as the current ones.  
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1.1.7 Pumps 

The BRICKER system layout comprises a total of 5 variable speed pumps (VSPs), location of which 

are provided in Figure 2. Water pumps are modelled with Type 110. This routine models a 

variable speed pump that is able to vary its output from zero to a rated maximum flow rate. The 

mass flow rate of the pump is a linear function of the control signal γ. Type 110 sets the outlet 

flow rate basing on pump rated flow rate value and current value of γ. If the input control signal 

is set equal to zero, the pump is off and no flow rate is delivered. Consequently, all the energy 

flows related to the pump are set to zero and the outlet fluid is equal to the inlet one. 

Table 3. Variable speed pumps and their location. 

Pump Rated flowrate Rated power (estimated) Location 

VSP1 Oil - 26 m3/h 12.5 kW Oil loop 

VSP2 Water - 38 m3/h 10.7 kW Condensing water loop 

VSP3 Water - 38 m3/h 19.7 kW Hot water loop 

VSP4 Water - 138 m3/h 32.7 kW Heat rejection loop 

VSP5 Water - 45 m3/h 9.0 kW Chilling water loop 

 

Oil pump in solar loop is modelled with Type 1263. It is capable of  

The volumetric and mass flow rates are a function of the control signal γ. They are computed as 

follows, being the oil density a quadratic function of the inlet oil temperature. 

�̇�𝑜𝑢𝑡 = 𝛾 ∙ �̇�𝑟𝑎𝑡𝑒𝑑 (11) 

�̇�𝑜𝑢𝑡 = 𝜌𝑖𝑛 ∙ �̇�𝑜𝑢𝑡 = (𝑟0 + 𝑟1𝑇𝑖𝑛 + 𝑟2𝑇𝑖𝑛
2) ∙ �̇�𝑜𝑢𝑡 (12) 

As for water pumps, the electric power of the pump is calculated with the following general 

equation: 

�̇�𝑝𝑢𝑚𝑝 = (𝑝0 + 𝑝1𝛾 + 𝑝2𝛾2 + ⋯ + 𝑝𝑛𝛾𝑛) ∙ �̇�𝑟𝑎𝑡𝑒𝑑 (13) 

where the coefficients p0, p1, p2, etc. are n user-provided parameters related to the specific 

pump in use. The mathematical description authors assert that, lacking information from data 

sheets or other sources, values of p0=0, p1=0 and p2=1 can be used; the result is a quadratic 

relationship between power and volumetric flow rate. 

 

1.2 System integration into the existing Turkish installation 

The existing system consists in a centralized energy system made by 3 water cooled centrifugal 

chillers, 2 boilers and 4 sanitary water heaters feeding hot or chilled water to the all 3 blocks 

including the Turkish Demo Building Block A (see Deliverable 4.42.a). Additionally to these 
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components, there are air-handling units on the 7th floor and in the basement supplying 

conditioned fresh air to the zones while each zone has fan-coil units for heating/cooling. 

Since the capacity of the BRICKER system is always much smaller than the building’s demand, 

the system is able to cover only a fraction of it, running in series to the existing one. The main 

effect of this is a reduction or an increase of the return temperature from the building’s 

distribution system and the BRICKER system will act as a pre-heater or pre-cooler for the existing 

energy system. 

Heating and cooling production throughout the year follows a yearly schedule, being cooling 

possible only from beginning of May to end of September. The performance of the BRICKER 

system in the Turkish demo is analysed in terms of energy potential. In other words, return 

temperatures from heating and cooling distribution loops are assumed as 50°C and 15°C, 

respectively. These values are imposed as boundary temperature to the BRICKER system. This 

decision is motivated by the fact that a detailed design of the integration of BRICKER into the 

existing heating/cooling loop is not available yet and in any case heating and cooling demands 

of the hospital are much greater when compared to the heating and cooling delivered by the 

BRICKER system. To conclude, the analysis here conducted aims to test and to improve (if 

possible) the proposed control strategy. The conclusions out of this analysis can be considered 

still of practical relevance. 

 

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 and cooling load covered through BRICKER system. Since capacity of the 

BRICKER system is limited, existing heating and cooling system acts as a backup unit for covering 

the remaining fraction. 

1.3.1 Working schemes in the high-temperature oil loop 

Working schemes linked to operation of the parabolic collector field is subdivided in two sub-

schemes, including a pre-heating (Sc1a) and a solar energy generation mode (Sc1b, also called 

solar harvesting mode). 

The PTC field is activated when Direct Normal Irradiation (DNI) goes above a minimum threshold. 

This is estimated by conducting a preliminary analysis on DNI values able to maximize solar field 

contribution. Between 250 and 300 W/m2 of DNI, the solar pump recirculates the oil into the 

solar loop performing a pre-heating of the heat transfer fluid (Figure 9); in the same time the 

gas boiler is off. Under this situation, the flow rate in the thermal oil loop is set at such constant 

value that avoids transfer fluid overheating. 

When a sufficient solar radiation source is achieved, diverter DIV1 opens and delivers heat to 

BRICKER system components. If this conditions occurs, the solar harvesting mode is initiated. 

Here, the oil flow rate is variable in order to keep ORC evaporator inlet temperature at the 

constant set point value of 225°C (ORCset). In case of too low oil temperature after the solar field, 
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the gas boiler is operated and modulates its power with the aim of achieving the just mentioned 

set point temperature. If the oil temperature entering the boiler is higher than ORCset, the 

control system deactivates the boiler and the only thermal source of the BRICKER system is then 

represented by the PTC field. 

As a consequence, the working scheme relative to the gas boiler (Sc2) is based on two conditions 

that have to be satisfied at the same time: Direct Normal Irradiation (DNI) being above the solar 

harvesting minimum threshold and inlet temperature below the ORC set point value. 

To conclude, the sole objective represented by these schemes is maintaining the inlet 

temperature to the ORC and primary heat exchanger at a setpoint value (225°C). 

 

Figure 9. Working schemes of high-temperature oil loop. 

1.3.2 Scheme Sc3a: Heating through ORC and heat exchanger HX1 

Working schemes for both heating and cooling are activated only when there is a solar output 

from the oil loop. If the outlet temperature from the gas boiler is compatible with ORC 

operation, heating is produced as depicted in Figure 10. In case of high solar output, ORC and 

HX1 are operated simultaneously with a volumetric oil flow rate of about 26 m3/h. On the 

contrary, the volumetric flow rate is reduced to 13 m3/h when the availability of solar energy is 

reduced. Under these circumstances, only the condensing heat of ORC is used for heating 

purposes. 

During this working scheme, electricity generation occurs too. The inlet oil temperature in ORC 

evaporator is 225°C, while the inlet water temperature in ORC condenser ranges from 55 to 60 

°C. These values guarantee 65-70 kW of electricity output. 
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Figure 10. Working scheme Sc3a. 

1.3.3 Scheme Sc3b: Heating through heat exchangers HX1 and HX2 

The alternative heating scheme is only used when oil (evaporator) and water (condenser) side 

temperature are out of ORC working conditions. In this case, HX2 performs the heat transfer 

done by ORC in scheme Sc3a. Heat exchanger HX1 is activated only when VSP1 pump modulates 

the flow rate upon the minimum threshold of 13 m3/h. If the heating production is unvaried, no 

electricity generation occurs in this scheme. 

 

Figure 11. Working scheme Sc3b. 
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1.3.4 Scheme Sc4a: Preheating of water loop for adsorption chiller operation 

Preheating of the water loop during cooling season is required in order to achieve the minimum 

source temperature for the adsorption chiller operation, set at 65 °C. As long as the inlet source 

temperature to the chiller is below the minimum threshold value, the hot water flow is 

recirculated and cooling and chilled water circuit pumps are not activated. Those conditions lead 

to a rather quick loop pre-heating, as no thermal loads are provided. In the meantime, the ORC 

machine is producing electricity with a variable efficiency, depending on the instantaneous 

condensing water temperature. A scheme of this preheating additional scheme is provided in 

Figure 12. 

 

Figure 12. Working scheme Sc4a. 

1.3.5 Scheme Sc4b: Adsorption chiller operation through ORC and HX1 

The cooling primary scheme is active when the minimum required temperature for sorption 

chilling is achieved and the ORC is working in cogeneration mode. The adsorption chiller 

generator is then fed by ORC condenser water that could be also further heated by HX1, 

depending on availability of solar radiation (Figure 13). In the same way as the main heating 

scheme, electrical power generation by the ORC can occur. If ORC inlet condensing temperature 

is greater than 70 °C (maximum allowed value for ORC operation), a dry cooler rejects the excess 

of heat. 
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Figure 13. Working scheme Sc4b. 

1.3.6 Scheme Sc4c: Adsorption chiller operation through HX1 and HX2 

The alternative cooling scheme is used during summer season when the ORC is out of operation 

conditions (Figure 14). In this case, HX2 performs the heat transfer usually done by ORC working 

fluid condensation, in conjunction with HX1. Similarly to the alternative heating scheme, no 

electricity is generated under this scheme, while the amount of chilled water produced by the 

adsorption chiller and delivered to the existing cooling system is slightly higher than in the case 

of cooling through ORC wasted heat, since no heat rejection is required. 

 

Figure 14. Working scheme Sc4c. 

Whenever the return temperature from the BRICKER heating/cooling units is greater than 60 °C, 

there is the possibility to deliver a fraction of the total water loop flow rate to the existing 

domestic hot water loop through diverter DIV8. This further operating scheme allows to reach 
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constantly the nominal inlet water temperature to either the ORC condenser or to HX2 load side 

and it can be activated all over the year. As it represents a potential way to include DHW 

production not considered in the proposed control strategy, it is not included in the reference 

case scenario. Its influence on the system will be evaluated apart. 

 

1.4 Control strategy in the high temperature oil loop 

An efficient control of the solar loop is a crucial point that greatly affects the overall system 

performance. The key objective is the achievement of a stable supply temperature for the ORC 

unit in spite of the solar fluctuating input (e.g. rapidly changing in solar radiation due to passing 

clouds). 

The control strategy in the oil loop is based on three measured variables: oil temperature, solar 

radiation and volumetric flow rate. 

As far as solar energy is concerned, heat is always transferred in transient condition. The idea is 

to keep the volumetric flow rate constant until a certain outlet oil temperature is reached. Above 

this threshold, the flow rate is modulated proportionally to the solar field outlet temperature 

through a variable speed pump. The flow regulation allows maintaining the oil temperature 

below a maximum limit required for ORC operation. 

The sun-tracking control of the collectors is activated when a minimum DNI level is achieved, 

with an initial warm-up phase in which the oil is recirculated in order to raise its temperature. A 

control logic involving a PTCs stowing procedure when low solar radiation occurs, permits a safe 

and autonomous operation of the whole solar field. 

When solar output is sufficient, heating/cooling loads can be generated using the condensing 

heat coming from the ORC unit; the gas boiler could be activated under this condition, if the ORC 

set point is not reached with the solar output. 

The flow rate in the ORC evaporator is constant thanks to a valve situated just before the ORC 

unit, while the extra flow is delivered to the source side of heat exchanger HX1, which is working 

in parallel with the cogeneration unit. 

1.4.1 DNI limits 

The control strategy applied to the PTC field is based on DNI measures. Below a minimum DNI 

limit the solar field pump is not working. This solution is motivated by the fact that solar 

collectors have a remarkable thermal inertia and need some time to reach an outlet 

temperature that is useful for co-generation. A preliminary analysis showed that a minimum 

value of 250 W/m2 of DNI on collector surface is to consider. Lower DNI values result in a greater 

number of operating hours but with smaller temperature output, whereas higher DNI values 

lead to higher outlet temperatures but to a lower energy delivery. 

Since the ORC evaporator requires at least 500 kW of thermal power and the gas boiler has a 

limited capacity of 465 kW, preheating of the solar loop is necessary in order to achieve the 

demand output in a shorter time. When DNI crosses the higher threshold represented by 300 
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W/m2, the solar harvesting can be performed and consequently heating and cooling loads can 

be generated by the whole BRICKER system. 

1.4.2 Modulation of circulating pump 

From manufacturer data, the flow rate in the PTC collector is bounded between a minimum and 

a maximum value. The minimum threshold is due to the necessity of keeping a uniform flow 

inside the receiver pipe, to avoid localized increase of temperature that can lead to oil 

degradation. 

A study on the turbulent flow limit for the Therminol SP oil within the collector absorbers 

permits to select a correct minimum flow rate threshold. As the turbulence onset for an internal 

flow occurs at Re≅2300, a medium Reynolds value for a developing turbulent flow has been set 

at 5000. Concerning the fully developed condition instead, a Reynolds number of 11000 is 

chosen (for safety reasons). 

 

Figure 15. Plot of minimum oil volumetric flow rate for different flow regimes as a function of oil 
temperature. 

Two different conditions are set, one for preheating of solar loop (developing turbulent flow) 

and another one for the solar harvesting mode (fully developed turbulent regime). 

The maximum limit is a technical limit given by PTC manufacturer who guarantees the product 

performance with a maximum flow rate of 120 l/min per collector. That means that the solar 

loop circulation pump VSP1 cannot exceed the value of 36 m3/h. The maximum value of 

volumetric flow rate taken into consideration in this work, is fixed by Turkish Tender 

specifications as to VOImax 26 m3/h. 

In preheating mode, the oil pump operates at a constant volumetric flow rate of VOImin,pre 21 

m3/h. The modulation of VSP1 is defined as: 



Simulation report of Belgian demonstrator. Active systems integration 25 / 51 

 

 

 

BRICKER 

GA nº 609071 

 

 

𝑀𝑜𝑑1 =
𝑉𝑂𝐼𝑚𝑖𝑛,𝑝𝑟𝑒

𝑉𝑂𝐼𝑚𝑎𝑥
 

(14) 

In the solar harvesting mode, the pump modulates its rpm in order to keep the oil temperature 

below ORC set inlet temperature (225°C). When the outlet temperature from the solar field (T2) 

goes above T2,0, the control system regulates the pump speed proportionally to T2 value at the 

current time-step. The maximum flow rate is delivered at the maximum allowed oil 

temperature, which corresponds to the ORC set point of 225°C. Considering higher values of 

T2,max may result in higher average oil temperatures and lower flow rates than the maximum 

allowed (VOImax). Indeed, after an optimization process, T2,max has been set at 240°C, while T2,0 

has been set at 200°C. This modulation has been made with a linear control signal; the resulting 

modulation signal is defined with the following equation: 

𝑀𝑜𝑑2 =
𝑉𝑂𝐼𝑚𝑖𝑛,𝑠ℎ

𝑉𝑂𝐼𝑚𝑎𝑥
+ (

𝑇2 − 𝑇20

 𝑇2𝑚𝑎𝑥 − 𝑇20
) ∙ (

𝑉𝑂𝐼𝑚𝑎𝑥 − 𝑉𝑂𝐼𝑚𝑖𝑛,𝑠ℎ

𝑉𝑂𝐼𝑚𝑎𝑥
) 

(15) 

 

Figure 16. Modulation of VSP1 solar oil pump as a function of oil temperature. 

The maximum threshold is principally set to limit fluid pressure losses while flowing in the solar 

collector absorber. The minimum flow rate threshold has been set accordingly to the turbulent 

flow condition of the thermal oil. 

1.5 System control strategy 

The tri-generation system includes multiple working scenarios (Chapter 2), depending on both 

boundary conditions and energy demand, each of them represented by a so-called working 

scheme. These schemes are independent working combinations of the system, each one 

standing for the fulfilment of a specific objective; a single scheme could be composed of a 

number of sub-schemes that are the different possible ways to achieve the specific objective. 
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1.5.1 Sensors 

The activation of the working schemes is based on real-time measured variable such as medium 

(water and oil) temperature and solar radiation. A list of the sensors is here listed. 

 T1: Inlet oil temperature to the PTC solar field; 

 T2: Inlet oil temperature to the gas boiler; 

 T3: Outlet oil temperature from the gas boiler; 

 T4: Inlet oil temperature to the oil side of ORC evaporator; 

 T5: Outlet water temperature from HX1; 

 T6: Inlet water temperature to ORC condenser; 

 T8: Return water temperature from the hydraulic junction - source side; 

 T14: Outlet water temperature from the dry cooler; 

 T21: Outlet water temperature from DHW loop; 

 T24: Outlet water temperature from the wet tower. 

1.5.2 Control signals 

Measured variable are then used to define a set of hysteresis based control signals on which the 

system logic is developed; these are the following: 

 Signal “A” checks whether the simulation absolute time is greater than the time value 

fixed as cooling season starting point, and lower than the time value fixed as cooling 

season ending point; 

 Signal “B” checks whether the DNI on collector surface is greater than 250 W/m2, that 

represents the minimum required value for the activation of preheating; 

 Signal “C” checks whether the DNI on collector surface is greater than 300 W/m2, that is 

the minimum required value for the activation of solar harvesting; 

 Signal “D” checks whether the inlet oil temperature to the gas boiler (T2) is greater than 

225 °C, which is the set point value for the ORC operation. As the boiler modulation is 

defined within the type, it is actually not used in this control strategy; 

 Signal “E” checks whether the outlet water temperature from HX1 (T5) is greater than 

65 °C, which is the minimum required value for adsorption cooling; 

 Signal “F” checks whether the inlet oil temperature to ORC evaporator (T4) is greater 

than the minimum operating value of 185 °C; 

 Signal “G” checks whether the inlet water temperature to ORC condenser is lower than 

the maximum operating value of 70 °C; 

 Signal “H” checks whether the outlet water temperature from HX1 (T5) is lower than 90 

°C, which is the maximum allowed value for adsorption cooling. 

Each control signal has its own dead-bands that are listed in the following table.  

Table 4. Deadbands of control signals. 

Signal Unit 
Upper limit 

y_up 
Lower limit 

y_low 
Upper deadband 

Δy_up 
Lower deadband 

Δy_low 

A h Time 2880 0 0 

B W/m2 DNI 200 50 0 
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C W/m2 DNI 250 50 -50 

D °C T2 225 5 0 

E °C T5 65 5 0 

F °C T3 185 2 0 

G °C T6 70 0 -5 

H °C T5 90 0 -10 

 

The deadband differences for signals “B” and “C” have been set up such that they can avoid the 

very often on/off cycling of pumps, which can cause temperature instabilities and, in the worst 

case, structural damages. The lower deadband difference for “C” is  a negative value as it extends 

the solar harvesting mode until the minimum DNI threshold set for pump activation; in this way, 

when the radiation falls below 250 (late afternoon) an additionally preheating is not performed. 

The upper deadband for “D” is fixed as to prevent delays in the response of the boiler when it 

has to be switched off. The upper deadband difference for signal “E” is chosen so as to avoid 

frequent activation and deactivation of the adsorption chiller in case of low supply water 

temperature. Deadbands for “F” are set in order to assure the ORC activation only when T3 is 

actually greater than 185 °C. Lower deadbands for the last two signals are set to make sure that 

the two temperature thresholds for ORC and sorption activation, respectively, are never 

overcome. Moreover, setting a considerable temperature difference as lower deadband keeps 

away from the possibility of recurrent on-off cycles of the two units. 

1.5.3 Schemes 

A working scheme is an independent combination of control signals that identifies a certain 

operating mode of the BRICKER system. 

The two schemes defined to represent the activation of the energy generation units – the PTC 

field and the gas boiler – are called Sc1 and Sc2, respectively. The working scheme related to the 

parabolic collector field operation is then subdivided in two sub-schemes, including a pre-

heating and a solar energy generation mode (also called solar harvesting mode); these are 

defined as Sc1a and Sc1b. Furthermore, Sc3 is defined as the working scheme related to heating 

operation, Sc4 to cooling operation, while Sc5 accounts for the domestic hot water loop 

activation. Sc3 and Sc4 are both subdivided in two sub-schemes depending on whether the ORC 

machine is operated or not: in case of ORC malfunction or breakdown, the same heating load 

usually supplied by the ORC condensing loop (Schemes Sc3a and Sc4b) can be generated by a 

second heat exchanger (HX2), operating in cascade with HX1, in the same way as the ORC 

condenser does (Sc3b and Sc4c). Cooling operation involves also a preheating scheme, named 

Sc4a. Sc5 is the scheme that integrates the hot water production through the rejected and 

dumped heat from the condenser of the sorption chiller and ORC. This scheme is not included 

in the reference scenario yet. 

The mathematical definition of these working schemes is reported in the table below. 

Table 5. Scheme algebraic definition. 

Schemes Description Logic 
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Scheme Sc1a PTC field - Preheating B*NOT(C) 

Scheme Sc1b PTC field - Solar harvesting C 

Scheme Sc2 BLR activation C 

Scheme Sc3a Heating - ORC + HX1 NOT(A)*C*F*NOT(G) 

Scheme Sc3b Heating - HX2 + HX1 NOT(A)*C*NOT(F*NOT(G)) 

Scheme Sc4a Cooling - Preheating circuit (ORC + HX1) A*C*NOT(E) 

Scheme Sc4b Cooling - ORC + HX1 A*C*E*F*NOT(G) 

Scheme Sc4c Cooling - HX2 + HX1 A*C*E*NOT(F*NOT(G)) 

Scheme Sc5 Domestic hot water 0 

 

1.5.4 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. Error! R

eference source not found. elaborates on control signals for key components. Error! Reference 

source not found. and Error! Reference source not found. list the activation signals for pumps 

and diverters, respectively. 

Table 6. Component activation signals with description. 

Component Description Logic 

PTC_CS PTC  tracking activation signal  Sc1a+Sc1b 

BLR_CS Gas boiler activation signal  Sc2 

ADCH_CS ADCH activation signal  Sc4b+Sc4c 

HBC_CS HBC activation signal Sc4b+Sc4c 

HRJ_CS HRJ activation signal Sc3a+Sc4b 

HWL_CS HWL activation signal Sc5 

 

Table 7. Pump activation signals with description. 

Pump Description Logic 

VSP1_CS Activation of PTC loop pump Sc1a*Mod_1 + Sc1b*Mod_2  

VSP2_CS Activation of VSP2 pump Sc3a+Sc3b+Sc4a+Sc4b+Sc4c 

VSP3_CS Activation of VSP3 pump Sc3a+Sc3b+Sc4a+Sc4b+Sc4c 

VSP4_CS Activation of VSP4 pump Sc4b+Sc4c 

VSP5_CS Activation of VSP5 pump Sc4b+Sc4c 

 

Table 8. Diverter activation signals with description. 

Pump Description Logic 

DIV1_CS 
Operation of the diverter after the PTC 
field  

Sc1a 

DIV2_CS Operation of the diverter  before ORC (Sc3a+Sc3b+Sc4a+Sc4b+Sc4c)*Mod_4 

DIV4_CS Operation of the diverter HRJ Sc3a+Sc4b 
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DIV6_CS Operation of the diverter before ADCH Sc3a+Sc3b 

DIV7_CS 
Operation of the diverter after 
heating/cooling units 

0 

DIV11_CS 
Operation of the diverter before HX2 - 
oil side 

Sc3a+Sc4a+Sc4b 

DIV12_CS 
Operation of the diverter after HX2 - 
water side 

Sc3a+Sc4a+Sc4b 

1.5.5 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 9 elaborates on the formalization of these schemes, in numerical terms, as functions of 

output control signals from hysteresis based controls. 

Table 9. Scheme algebraic definition. 

Schemes Description Logic 

Scheme Sc1a PTC field – Preheating B*NOT(C) 

Scheme Sc1b PTC field – Solar harvesting C 

Scheme Sc2 BLR activation C 

Scheme Sc3a Heating – ORC + HX1 NOT(A)*C*F*NOT(G) 

Scheme Sc3b Heating – HX2 + HX1 NOT(A)*C*NOT(F*NOT(G)) 

Scheme Sc4a Cooling – Preheating of water cooling circuit A*C*NOT(E) 

Scheme Sc4b Cooling – ORC + HX1 A*C*E*F*NOT(G) 

Scheme Sc4c Cooling – HX2 + HX1 A*C*E*NOT(F*NOT(G)) 
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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 Oil loop behavior during typical days 

In this section the daily performance of the BRICKER thermal oil loop are reported. Two typical 

days of study have been chosen, one representing system operation during heating season, and 

another during the cooling one. The reference days are the 21st of February and the 10th of 

August. 

Firstly, the daily performance of the solar field in combination with the thermal oil heater is 

presented; then it is also reported the ORC performance throughout the two reference days. As 

seen in Figure 17 and Figure 18, the Direct Normal Irradiance that is incident to the sun-tracking 

collectors varies a lot during the day. Collectors activation is based on instantaneous values of 

incident DNI: signal “B” is the control signal checking whether the DNI value is greater than a 

minimum limit B_low set at 200 W/m2. The solar field is activated when measured DNI is greater 

than B_low plus a dead band of 50 W/m2, while the loop pump turns off only when the irradiance 

values falls under B_low. In this way very often on/off cycles of the system pumps are avoided. 

 

Figure 17. Instantaneous plots of specific incident DNI, specific heat gain and working schemes of PTC 
field during reference winter day (21st of February). 
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The same approach is used for signal “C” that switch between preheating mode to solar 

harvesting. This behaviour is shown in Figure 17 and Figure 18 , where it is possible to observe 

a negative thermal output of the solar field, when the preheating mode is active and the whole 

system have to reach a minimum operational temperature. 

 

 

Figure 18 Instantaneous plots of specific incident DNI, specific heat gain and working schemes of PTC 
field during reference summer day (10th of August). 

In order to limit as much as possible the activation of the auxiliary gas boiler, a dedicated control 

strategy is developed in order to reach the maximum oil temperature from the solar field by 

modulating the speed of oil pump (see Figure 19 and Figure 20). Additionally to this, gas boiler 

can effectively modulate its thermal output and not exceed the oil setpoint temperature for ORC 

operation. Boiler instantaneous capacity is also modulating according to the outlet temperature 

from the solar field, as reported in the plots above, where the trend of the boiler Part Load Ratio 

(PLR) is visible. Figure 19 and Figure 20 then shows the combination of solar field performance 

and partial boiler operation according to instantaneous DNI values. 
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Figure 19. Instantaneous plots of pump speed modulation (Mod_2) and boiler power modulation 
(BLR_PLR) during reference winter day (21st of February). 

 

 

Figure 20. Instantaneous plots of pump speed modulation (Mod_2) and boiler power modulation 
(BLR_PLR) during reference summer day (10th of August). 

 

 

Figure 21. Instantaneous plots of supplied heat by PTC field and gas boiler during reference winter day 
(21st of February). 
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Figure 22. Instantaneous plots of supplied heat by PTC field and gas boiler during reference summer 
day (10th of August). 

 

2.2 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 Turkish installation, system boundary Σ2 is considered (see 

Figure 23). 

  

Figure 23. 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: 
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 System inputs: useful energy provided by the solar field (P1)1 and gas boiler (P2); 

electricity inputs for water and oil pumps, ORC; 

 System outputs: heating (P18) and cooling (P12) production supplied to the building and 

electricity generated by the ORC machine; 

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

and hydraulic junctions. 

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 10 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 system. 

Table 10. 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 

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
 (16) 

2.2.1 Energy tariffs 

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

the profitability of BRICKER system. For this purpose, actual Turkish electricity and gas prices 

                                                           

1 In this calculation useful energy inputs are considered (not end energy). 
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have been considered; in the tables below are reported price values for the demo building 

consumption range, at which energy costs for residential consumption are set equal to industrial 

values by the Turkish Energy Authority. The data source for Turkish energy tariffs is the Eurostat 

Database. 

Table 11. Turkish electricity prices for industrial consumers (band 500-2000 MWh). 

Period (half year)  2014 / S1 2014 / S2 2015 / S1 2015 / S2 2016 / S1 

Price (w.o taxes) €/kWh 0.072 0.0779 0.079 0.0678 0.0722 

Price (w.o VAT) €/kWh 0.0742 0.0807 0.0817 0.0702 0.0744 

Price (w. all taxes) €/kWh 0.0876 0.0952 0.0964 0.0829 0.0878 

 

Table 12. Turkish gas prices for industrial consumers (band 10000-10000 GJ). 

Period (half year)  2014 / S1 2014 / S2 2015 / S1 2015 / S2 2016 / S1 

Price (w.o taxes) €/kWh 0.0236 0.0257 0.0271 0.0246 0.0238 

Price (w.o VAT) €/kWh 0.0243 0.0265 0.0278 0.0252 0.0245 

Price (w. all taxes) €/kWh 0.0287 0.0313 0.0329 0.0298 0.0289 

 

A comparison between last available costs supplied by Eurostat and the first 2017 energy bill of 

Adnan Menderes University Hospital, shows a substantial equity for both electricity and gas 

prices. Therefore, selecting 2016 tariffs including all taxes, the economic evaluation of the 

system is carried out. 

 

2.3 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 discussed. 

System performance is based on the key assumption that 100% of electricity, heating and 

cooling energy produced by the BRICKER system is self-consumed. 

The energy production of the system over the entire year can therefore be calculated (Figure 

24). It should be said that during summer season, the electricity output into the electrical grid is 

obtained from the rated power of the ORC, minus the quantity needed to satisfy the electrical 

requirements of the adsorption chiller, the cooling tower and the cooling loop pump, in addition 

to the total electric consumption of winter season. 

The yearly amount of heating provided by the BRICKER system amounts to 541 MWh, while total 

cooling amount is 318 MWh. The electric energy generated by the system during an annual 

operation period is 194 MWh, while final energy consumption of electricity and gas amount to 

247 MWh and 570 MWh, respectively. Yearly working hours of the system are about 330 h. 
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Figure 24. Monthly thermal and electrical energy production of the BRICKER system. 

 

Table 13. Monthly thermal and electrical energy production of the BRICKER system. 

Month 
Heating 

[MWh] 

Cooling 

[MWh] 

Electricity 

[MWh] 

Jan 65 0 11 

Feb 55 0 9 

Mar 70 0 11 

Apr 125 0 18 

May 0 61 21 

Jun 0 67 23 

Jul 0 75 25 

Aug 0 67 23 

Sep 0 48 17 

Oct 86 0 13 

Nov 75 0 12 

Dec 65 0 11 

Year 541 318 194 

 

The electricity balance between generation and consumption is plotted in Figure 25. As it can be 

seen during the winter season, there is positive balance (+19 MWh), whereas during the summer 

the balance is negative (-72 MWh). This large difference is caused by the heat rejection loop 

(circulating pump + heat rejection technology) which determines about 76% of the total 

electricity consumption during summer. 
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Figure 25. Monthly balance of the electricity generation and consumption of the BRICKER system. 

The performance of the solar field is variable during the year. The yearly available DNI on 

collector surface is about 1696 kWh/(m2y). The average thermal efficiency of the solar field is 

about 41% on yearly basis, whereas the Gross Solar Yield amounts to 687 kWh/(m2y). 

As mentioned before gas boiler compensates the solar field output in order to achieve a constant 

oil temperature in ORC evaporator. This fact is visible in Figure 26. Let’s define the solar fraction 

SF as the relative share of solar field on the total heat provided by the high-temperature oil loop 

(gas + solar). This figure varies from winter to summer, reaching values of 54% and 79% for the 

two seasons, respectively. 

 

Table 14. Seasonal performance of PTC field. 

KPI Unit Winter Summer Total 

GSY [kWh/m2
solar] 191 496 687 

ηth [%] 30 46 41 

SF [%] 54 79 70 
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Figure 26. DNI and thermal energy inputs of the BRICKER system through the year. 

 

Monthly final energy values for gas and electricity are listed in Table 15. Gas consumption 

amounts to 247 MWh/year equivalent to about 22570 Sm3 of gas, whereas electricity 

consumption is 570 MWh. Primary energy consumption amounts to 1388 MWh (Figure 27), 

which is equivalent to 341 tonnCO2eq. 

 

Table 15. Final and primary energy consumption. 

 Final energy 
Primary energy GWP 

 Gas Electricity 

Month [MWh] [MWh] [MWh] [ton CO2 eq] 

Jan 8 49 82 23 

Feb 7 33 58 16 

Mar 9 39 72 20 

Apr 14 48 98 26 

May 35 52 162 37 

Jun 38 55 175 40 

Jul 42 50 181 40 

Aug 38 51 171 38 

Sep 28 46 134 31 

Oct 10 48 87 24 

Nov 9 50 86 24 

Dec 9 48 82 23 

Year 247 570 1388 341 
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Figure 27. Monthly primary energy consumption for gas and electricity of the BRICKER system. 

For the economic analysis, average electricity and gas costs of 0.0845 €/kWh and 0.0253 €/kWh, 

respectively, are assumed. Net energy costs are computed as the difference between energy 

costs (electricity + gas) and earnings due to the self-consumption of electricity generation (Figure 

28). 

 

Figure 28. Earning and energy costs of the BRICKER system. 

 

It is possible to calculate the average specific cost for heating and cooling as the ratio between 

net energy costs in winter/summer upon heating/cooling energy produced by the BRICKER 

system. This calculation results in a cost of 11.7 €/MWh and 39.6 €/MWh for heating and 

cooling, respectively. This indicator permits to compare the production of heating and cooling 

with respect to other competing technologies. It has to be underlined as this analysis considers 

only operation costs and not investment costs. This approach is here justified since investment 

costs can vary largely from case to case. 



Simulation report of Belgian demonstrator. Active systems integration 40 / 51 

 

 

 

BRICKER 

GA nº 609071 

 

 

From this analysis, it emerges as for the assumptions here considered, heating is in general quite 

competitive with a reference gas-based system (thermal efficiency of 90%). On the contrary, 

cooling production is not economic attractive, if compared with an electrically driven cooling 

system (SEER=3.5). This fact is also evident from the monthly economic balance listed in Table 

15. 

Table 16. Monthly economic balance. 

 Costs Savings Net energy 

costs  Gas Electricity Electricity 

Month [€] [€] [€] [€] 

Jan 710 1229 911 1028 

Feb 567 828 725 669 

Mar 736 993 948 781 

Apr 1195 1214 1557 852 

May 2946 1313 1788 2471 

Jun 3232 1400 1945 2688 

Jul 3577 1276 2135 2717 

Aug 3229 1302 1932 2598 

Sep 2329 1176 1410 2096 

Oct 877 1223 1133 968 

Nov 779 1256 1006 1029 

Dec 720 1216 924 1012 

Year 20896 14426 16414 18907 

 

2.4 Parametric analysis 

The aim of this section is to present the performance of the proposed configuration compared 

against similar cases derived from a short parametric analysis, where a number of parameters 

are varied one-at-time. Because of the peculiarities of the BRICKER system, several design 

aspects about the design of EGUs, ECUs and EDUs need to be highlighted and in particular the 

following issues are targeted. 

 Energy Generation Units. Because of the unpredictability nature of solar radiation, the 

impact of solar energy on the total system performance is evaluated on the following 

cases: 

o total number of parabolic trough collectors in the solar field; 

o gas boiler heating capacity; 

o oil setpoint temperature for ORC evaporator. 

 Energy Conversion Units. As described in section 1.3, heating and cooling can be 

covered in alternatives modes. The idea is to use the condensing heat of the ORC as heat 

source of the adsorption chiller. This operation schemes continues until the cooling 

output of the chiller is lower than the cooling load of the building. If this condition is not 

met, direct use of high temperature heat is used as heat source of the sorption chiller. 

The trade-off between of these two schemes is here investigated. 



Simulation report of Belgian demonstrator. Active systems integration 41 / 51 

 

 

 

BRICKER 

GA nº 609071 

 

 

 Energy Distribution Units. The setpoint inlet oil temperature is key for achieving high 

values of thermal and electrical efficiencies of the ORC. On the other hand, this turns 

into a higher fuel consumption of the boiler and longer operation of solar pumps. 

Furthermore, operational costs and savings are calculated for each case, by using net energy 

cost and reference system definitions provided in the previous chapter. 

 

2.4.1 Influence of the design of EGUs 

 

Influence of solar field area 

Here the number of collectors of each row is varied, in order to understand the impact of the 

solar input amount on system performance. In this way, the specific flow rate per collector varies 

within the same range throughout the cases, whereas the outlet temperature from the solar 

field is changing according to the number of PTC per row. 

In the reference case, 4 strings with 5 collectors each are considered. Here the case with 3 (15 

collectors) and 5 (25 collectors) strings of 5 collectors each is further evaluated. This is done in 

order to keep the inlet temperature to the ORC unit below the already mentioned threshold 

value of 225 °C. 

In terms of yearly outputs, increasing the overall number of PTCs leads to a higher heating 

production in winter, whereas cooling production and electricity generation remain nearly the 

same (Figure 29). Consequently, energy provided by gas reduces 36.7 kWh/m2
solar of additional 

collector. The solar fraction goes from a minimum of 62% to a maximum of 76%. Final and 

primary energy savings are proportional to gas savings. The impact in terms of net energy costs 

is a consequence of gas savings but in specific terms is almost negligible 1.0 €/m2
solar of additional 

collector. 
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Figure 29. Yearly thermal and electrical energy outputs and inputs for different solar field sizes. 

 

Nominal capacity of gas boiler 

In this section, the boiler capacity is varied from a minimum of 60% of its nominal capacity to a 

maximum of 140%, keeping the ORC inlet temperature constant to 225°C. Ultimately, the 

analysis wants to investigate the compromise between a larger boiler capacity or in other words 

a higher gas consumption, and the consequent increase of the efficiency of heating and cooling. 

The impact on yearly energy outputs and primary energy are shown in Figure 30 and Figure 31, 

respectively. Larger boiler capacities have no impact on heating, cooling and electricity 

production and primary energy consumption. This means that the size of the gas boiler is correct 

and consistent with the control strategy implemented. When the boiler capacity is reduced, 

energy outputs reduces consequently. This fact impacts in particular heating and electricity 

production, since the gas boiler integration occurs mainly during winter time. The impact in 

terms of primary energy is driven by the proportional reduction of gas consumption, while 

primary energy for electricity is not affect at all. The reduction of efficiency in winter and the 

reduction of gas compensates in terms of net energy costs, leading to basically the same value 

of the reference scenario. 
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Figure 30. Yearly thermal/electrical energy outputs for different gas boiler capacity. 

 

Figure 31. Primary energy consumption for different sizes of the gas boiler. 

 

Setpoint temperature for ORC evaporator 

The set point temperature is varied from a minimum value of 205°C to the maximum inlet oil 

temperature for the selected ORC unit (245°C). For this analysis, no variation of the modulation 

of oil pump is considered. The idea here is to study the trade-off between higher set point values 

and consequent higher larger heating, cooling and electricity production, and the higher fuel 

consumption. This effect is shown in Figure 32. 

In general higher oil setpoint temperatures lead to a proportional increase in heating, cooling 

and electricity production, but conversely increase the gas consumption with a similar increase 

rate. The energy delivery from gas boiler is of about 200 MWh for a variation of 10 K in the 

setpoint oil temperature, whereas there is no difference for the contribution of solar. A similar 

consistent variation is reported for total PE consumption: also in this case rising values are 
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strictly related to gas consumption and this trend is reported for both heating and cooling season 

(Figure 33). 

 

 

Figure 32. Yearly thermal/electrical energy outputs and thermal energy inputs for different values of 
boiler set point temperature. 

 

Figure 33. Primary energy consumption for different values of boiler set point temperature. 
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It should be underlined that an optimized modulation of the solar pump could decrease the gas 

consumption of the gas boiler. As stated at the beginning, this improvement in the parametric 

analysis is not included. 

The electricity generation is positively influenced by a set point temperature greater than 225°C 

and this is mainly due to the higher efficiency of ORC at higher inlet oil temperature. This fact is 

clearly evident in Figure 34. 

 

Figure 34. Electricity generated and consumed for different values of boiler set point temperature. 

 

2.4.2 Influence of ORC operation 

Heat exchanger HX2 is designed to transfer heat from the oil loop to water loop when ORC is 

out of operation. The modulation of oil volumetric flow rate in primary side of HX2 is the same 

of ORC evaporator. Nevertheless, it is interesting to compared two possible system layout with 

and without ORC and compare the whole system performance. 

It is clear that without ORC, no electricity generation occurs. The impact of this in terms of 

earnings and energy costs is shown in Figure 35. Although the lack of the ORC permits to reduce 

electricity costs of about 19%, the gas consumption increase of 5%. In global terms, the lack of 

earnings due to the self-consumption of electricity means therefore as the net energy costs 

increase of 62% with respect to the case with ORC. 
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Figure 35. Earnings and energy costs with and without ORC operation. 

 

2.4.3 Influence of return temperature from building H&C system 

In the simulation model here developed, the return temperature of the heating and cooling 

system (secondary side of the heat exchanger HX3) is assumed as 50°C and 15°C, respectively. 

Heating and cooling production through heat exchanger HX3 of the BRICKER system is deeply 

influenced by these values and therefore a dedicated parametric analysis on both temperature 

is performed. 

During winter season (Figure 36), the heating production reduces when higher return 

temperature are considered. A major drop occurs in particular between 50°C and 60°C when the 

conditions are not compatible with maximum ORC condenser temperature. The gas 

consumption and solar production of the PTC field reduce almost linearly by increasing the 

return temperature. The rise of the ORC condenser temperature, electrical efficiency of the ORC 

are negatively influenced and as a consequence the electricity generation (Figure 37). 
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Figure 36. Thermal and electrical energy outputs (above) and inputs (below) from the BRICKER system 
during the winter season. 

 

 

Figure 37. Electricity generation and consumption for different values of return temperature from 
heating circuit. 
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A similar analysis is carried out during the cooling season. Here the return temperature is varied 

from 15°C to 10°C, since real temperature values will be included in this interval. The major 

influence of this variation is the reduction of the cooling production at a relative rate of 17 

MWh/K. Conversely, no variation on final energy is resulted. 

2.4.4 Influence of DHW operation 

A further case aims to study the potential production of hot water for sanitary uses. The idea is 

to get rid of the dry cooler on the ORC condenser side and to recover that amount of heat for 

preheating tap water (assumed at 15°C). It makes sense to use this free available heat only 

during cooling season when the return temperature from the sorption chiller is above 60°C. The 

recovered heat amounts to 275 MWh but the electrical savings are only 8 MWh (3% savings on 

the reference case). Except this last point there are no changes on final energy values. 

 

2.5 Comparison of alternative scenarios 

Looking at the results of the parametric analysis, the optimal configuration of the system is: 

- 5 strings with 5 collectors each with a total collecting are of 2040 m2; 

- gas boiler set point should be set to the maximum value (245 °C) in order to achieve the 

maximum electricity generation efficiency; 

- the modulation of the solar loop has a huge impact on the one hand on the gas 

consumption and the solar harvesting from PTC field; 

- the production of hot water for sanitary purposes is a smart and inexpensive solution to 

exploit thermal cascade from the system. 

Because of the limited capacity of the ORC, the electrical efficiency is quite low (about 10.5%) 

compared to larger capacity units (typically 20%). This is an intrinsic characteristic of the unit. 

Nevertheless, a case assuming an electrical efficiency in line with typical efficiency of 

cogeneration units is added. 

In the following text three cases are compared: 

1. “Reference” is the BRICKER system as designed and proposed for the Turkish demo 

installation; 

2. “Optimum” is the referred to the system performance including the results of the 

parametric analysis (see above); 

3. The last case analyses the case with a double efficiency w.r.t. the reference (it’s a 

theoretical case since no small-scale ORC units have 20% electrical efficiency). 

From reference to optimum scenario, there is an increase of the heating (about 20% more) and 

cooling outputs (5% of increase). Electrical production is the parameter with the highest rate of 

change since the ORC is much more efficient when higher source temperature occurs. The total 

amount of generated electricity, indeed, exceeds 300 MWh, with an increase of one third, if 

compared to the reference system. Assuming an increase by a factor 2 in the electrical efficiency 
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of the unit only, electricity production doubles whereas no variations in heating and cooling 

productions occur. 

 

Figure 38. Yearly thermal/electrical energy inputs for different scenarios. 

 

It is interesting to see how much an increase in electrical output affects economic indicators of 

the system (see Figure 39). This condition makes turn net energy costs to negative values, 

meaning that the system not only leads to emissions savings but also permits to save money 

during operation. The parity between earnings and costs (net energy costs equal to zero) would 

be achieved for and an electrical efficiency of 14.6%, which in this sense can be meant as a target 

for the whole system investment. 

 

Figure 39. Earnings and energy costs for the reference system and optimized system. 
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3 Conclusions 

From the previous simulation results, it is possible to deduce the following conclusions: 

- The analysis is conducted in terms of evaluation of the heating and cooling potential of 

the BRICKER system. It is assumed that the system is operated any time environmental 

conditions are favourable and that the energy produced is entirely used for conditioning 

the hospital building. 

- The BRICKER system produces 541 MWh of heating (assuming a return temperature 

from the system of 50°C), 318 MWh of cooling (assuming a return temperature from the 

system of 15°C) and 194 MWh of electricity. 

- Electricity consumption for the operation of the BRICKER system only amounts to 247 

MWh. In winter time electricity consumptions are covered by on-site electricity 

generation (+19 MWh) whereas during the summer the balance is negative (-72 MWh). 

- Net energy costs of the system amount to about 18900 €/y. This figure is mainly driven 

by the electricity consumption during the summer period exploited for cooling 

production.  

- Althgouh the operation of the ORC at high condensing temperatures (about 60°C) 

decreases negatively the electrical efficiency, the generation of electricity is still 

fundamental in order to get earnings (therefore savings) and obtain low net energy 

costs. 

- A list of possible improvements to the system layout are proposed. In particular the 

following improvements are proposed: 

o 5 strings with 5 collectors each with a total collecting are of 2040 m2; 

o gas boiler set point should be set to the maximum value (245 °C) in order to 

achieve the maximum electricity generation efficiency; 

o the production of hot water for sanitary purposes is a smart and inexpensive 

solution to exploit thermal cascade from the system. 

These changes reduce the net energy costs from 18900 €/y to 12100 €/y. 

- To conclude, the electrical efficiency of the ORC is increased up to same values of larger 

capacity units. Although it is a theoretical study, this analysis shows how with an average 

electrical efficiency greater than 14.6% the system could start to be paid back by itself. 
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