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Abstract. This paper aims to investigate the impact of future climate on building systems, taking account 

of a strict building standard. A building is modelled in TRNSYS regarding a sustainable heating and cooling 

energy production by solar heating and radiative cooling in combination with water storage tanks. 

Sensitivity analyses (Morris Method) are performed for the technical building configurations for the years 

2030, 2050 and 2100 (REMO climate model). They are compared and evaluated with the current reference 

climate (TRY) of 2017. The objective is to show which components have a significant influence on the 

energy consumption of buildings. Furthermore, due to the climate change sustainable building technologies 

are necessary. This paper demonstrates how the influence of the climate can be counteracted from the 

perspective of building services. Global warming requires a rethink of the interaction between building 

design, building technologies and climate. In this point building services engineering offers the most 

flexibility. By performing parameter studies, early knowledge about the building and its required 

technology can be gained. The target value of this study is the indoor air temperature as a function of the 

outdoor temperature. The objective function corresponds to specifications according to the European 

standard EN 15251. Following the parameter studies, optimization processes are carried out. 

1 Introduction  

Increasing energy efficiency is one of the most important 

measures to reduce greenhouse gas emissions and energy 

consumption throughout the life cycle of a building. 

Improving building constructions and building services 

technology cause a better cooperation of all persons 

involved in the planning and construction process. 

Global warming is a slow process and currently has no 

influence on the planning process of buildings and the 

dimensioning of the building technology. 

Current climate scenarios indicate that, summer and 

winter periods in Germany will get warmer and milder, 

respectively through climate change. However, climatic 

changes are currently not considered in the dimensioning 

and design of technical building systems. Although they 

are highly probable over the life cycle of a building. 

This study uses a simplified building model to 

demonstrate the effects of climate change on building 

services systems within a sustainable energy supply 

concept. Therefore, the main objective is to identify the 

key factors for a climate-neutral building operation 

regarding to plant and building technologies. 

2 Methodology  

To illustrate the future climate, three climate scenarios 

are examined in more detail. The climate data for the 

years 2030, 2050 and 2100 are compared with the data 

for current planning processes from 2017 as a reference. 

The source for these climate data is the dynamic climate 

model REMO (regional dynamical climate downscaling 

model for Germany) by the DWD (Deutscher 

Wetterdienst). [1, 2] 

On the one hand, the object of investigation consists 

of a single zone building model that corresponds to 

assumed requirements of a Nearly Zero Energy Building 

(nZEB) Standard 2021 according to the European 

Building Performance Directive (EPBD) [3, 4]. The 

object of research has a floor space of around 12 m². It 

has a glazing percentage of 60 %. 

As the smallest unit of a building, a single room is 

selected as a one-zone model in order to keep the 

computation time as short as possible and to focus on the 

procedure for the investigation of the technology. In 

addition, the unit can be scaled to an entire building as 

well as to the level of city quarters afterwards. 

On the other hand, it consists of a climate-neutral 

energy supply concept based on the solar heating and 

radiative cooling principle. 

Solar Heating converts the existing solar radiation 

into heat as efficiently as possible. The heat is absorbed 

by a dark coated surface and transferred to the support 

medium water. In order to avoid heat losses within the 

absorber, it is surrounded by a vacuum tube made from 

low-iron glass. 
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The principle of solar cooling is based on the long-

wave radiation exchange of two surfaces. The warmer 

surface always transfers energy (heat) to the colder 

surface. In the context of the project a solar absorber is 

used to cool the building, using the night sky as an 

exchange surface. The clear night sky - without clouds - 

always has a lower temperature than the building and its 

ambient temperature on the earth's surface. Thus, an 

object on the earth's surface always emits long-wave heat 

radiation to the night sky.  

Table 1 shows the assumed boundary conditions of 

the object of investigation in terms of building physics. 

The building is assigned an office-like use. 

Table 1. Assumed characteristic values for the lowest energy 

standard 2021 

parameter unit value 

opaque components 

(envelope) 
W/m²K U = 0.15  

transparent components 

(envelope) 

W/m²K 

W/m²K 

W/m²K 

W/mK 

U = 0.7  

Ug = 0.5 

Uf = 0.7 

ψ = 0.045  

total energy transmittance 

(glazing) 

 

- g = 0.5 

linear thermal transmission 

factor (correction) 

 

W/m²K 
UWB = 

0.01  

air change rate 

(infiltration and HVAC) 

 

1/h 0.6 

Fig. 1 illustrates a schematic representation of the 

system technologies consisting of two thermal storage 

tanks, one for floor heating and another for ceiling 

cooling, as well as the absorber surface (cooling) and the 

solar thermal collector surface (heating). The system is 

thus divided into four control loops, each equipped with 

a separate pump. The pumps are controlled by two-point 

controllers. The energy demand of the installed pumps is 

not considered further in this investigation. 

 

Fig. 1. System diagram of the investigated object 

The hydraulic collector loop is controlled as a 

function of the total solar radiation (diffuse and direct 

radiation). If the irradiation on the south-facing vacuum 

tube collector (inclination 45°) rises above 100 W/m², 

the pump (P_C_W_MFLOW) for the circuit receives a 

signal and is switched on. However, this control is only 

carried out until the temperature at the outlet of the 

collector exceeds the average temperature of the storage 

tank. The reason for this is to prevent the warm storage 

tank from losing energy via the collectors and being 

actively cooled. 

On the other hand, the pump for the mass flux of the 

absorber loop (P_C_C_MFLOW), is not put into 

operation until the irradiation on the absorber surface 

(Coll_C_m2) drops to 0 W/m² and the ambient 

temperature is below the average temperature of the cold 

thermal storage tank. This avoids the pump from heating 

up the cold storage tank in warmer summer nights and 

allows heat to be radiated to the environment or night 

sky (principle of radiative cooling). 

In order to provide a comfortable indoor environment 

for the occupants in the building, three different 

operating states are distinguished:  

(1) the building is heated by underfloor heating,  

(2) heat is extracted from the building by ceiling cooling, 

(3) neither heating nor cooling of the building is 

necessary. 

Under these conditions, the control of the building 

systems is carried out on the basis of the outside 

temperature. If the running mean outdoor temperature of 

the last 24 hours is below 15 °C, the heating systems of 

the building is swiched on. But if, on the other hand, the 

mean outdoor temperature rises above 15 °C, the cooling 

system of the building is enabled. 

In addition, the heating function is only active when 

the room temperature drops below 20 °C and the 

temperature at the outlet of the thermal storage tank 

exceeds 25 °C. Cooling is also subject to the regulation 

that the temperature at the outlet of the thermal storage 

tank is below the room temperature.  

In order to prevent the room from being (over-) 

heated by sunlight, an external sun protection system is 

installed, which is activated on the external surface of 

the window from an irradiation of 200 W/m². As soon as 

this limit is exceeded, the solar shading is closed by 

75 %. 

In order to fulfil the occupants’ comfort requirements 

of the indoor space, flow temperatures for the underfloor 

heating are limited to a maximum of 35 °C. If the flow 

temperatures of the underfloor heating are above 35 °C, 

the heating flow is cooled down by the heating return 

flow using bypass control. [5] 

In order to operate the system efficiently, large 

temperature differences between the supply and return 

flow of the underfloor heating are avoided. 

The building and the building technologies are 

modelled in the software for dynamic building and 

equipment simulation TNSYS 17. In order to be able to 

demonstrate the influence of the climate on the 

individual components, the components are provided 

with parameters for multiple parametric runs. Table 2 

shows all considered parameters. 

In this study, the comfort band of DIN EN 15251 is 

selected as the objective function. This considers the 

inside air temperature above the outside temperature. 

The aim of the parametric studies is to achieve a 

maximum number of hours within the comfort band. [6] 
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Table 2. Overview of the considered parameters 

parameter acronym unit 
initial 

value 

surface absorber Coll_C_m² m² 5 

surface collector Coll_W_m² m² 5 

storage capacity 

cold 
V_Stor_C m³  

storage capacity 

warm 
V_Stor_W m³ 1 

mass flux 

absorber loop 

P_C_C_ 

MFLOW 
kg/h 300 

mass flux 

collector loop 

P_C_W_ 

MFLOW 
kg/h 500 

mass flux 

cooling loop 

P_CC_MFL

OW 
kg/h 100 

mass flux 

heating loop 

P_FH_MFL

OW 
kg/h 100 

Fig. 2 shows the limit of the comfort band according 

to DIN EN 15251. In the winter period, an interior 

temperature between 20 °C and 24 °C is required, 

whereas in the summer period, a higher interior 

temperature between 24 °C and 28 °C is targeted. 

 

Fig. 2. Illustration of the comfort band according to DIN EN 

15251 

3 Case study 

In order to identify the most influential parameters in 

advance, an one-step-at-a-time (OAT) method according 

to Morris is carried out [7]. This means that only one 

input parameter per building and plant simulation is 

varied in order to show its influence on the results 

(output) of the simulation. As an initial case study and 

current situation, this analysis is carried out on the basis 

of the 2017 test reference year (TRY). It was calculated 

over the period from 1995 to 2012 for Munich-Riem and 

is relevant for building and system simulations in present 

design phases. 

Fig. 3 illustrates the results of this initial case study: 

Each point describes the indoor air temperature and the 

corresponding outside temperature for one hour within 

the year. The improvement of the following optimization 

process can be evaluated on this basis scenario. 

 

Fig. 3. Current status case study simulation (TRY 2017) 

By varying the significance of the individual 

parameters, the relevance of the individual components 

becomes clear. Fig. 4 shows by way of example the 

influence of the variation of the parameter for the surface 

of the collector (Coll_W_m2) on the number of hours 

within the limits of the comfort band. It clearly shows 

that with increasing collector area, the number of hours 

within the comfort band can be increased. 

 

Fig. 4. Influence of the variation of the surface of the collector 

parameter (Coll_W_m2) on the number of hours within the 

comfort limits according to DIN EN 15251 

The standard deviation of each individual parameter 

is determined from the measured data. Fig. 5 shows the 

standard deviation from the parameter of the collector’s 

surface. 

 

Fig. 5. Standard deviation of the surface of the collector 
parameter (Coll_W_m2) 

This procedure is performed for all parameters. By 

comparing the standard deviation and the empirical 
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mean value, the influence of each individual parameter 

on the simulation results can be determined (Morris 

method). Fig. 6 illustrates the results of the Morris 

method of all considered technical parameters. 

 

Fig. 6. Morris method of the case study 

It is obvious that the parameter for the surface of the 

collector (Coll_W_m2) has both, a high standard 

deviation as well as a low mean value. This means that 

with small variations of the input parameter a high 

influence on the output of the simulation could be 

observed. In further research considerations, this 

procedure will be carried out on the basis of climate 

scenarios 2030, 2050 and 2100. 

4 Results and discussion 

4.1 Screening (Morris Method) 

The climate data for the simulations and analysis are 

taken from the regional dynamic climate model REMO. 

Complex physical interrelationships of climate change 

are taken into consideration by the dynamic climate 

model. Compared to other climate models, this model 

predicts strong global warming by 2100, which can be 

seen in Fig. 7. The figure illustrates a comparison of the 

outside temperatures for a period of four weeks in 

January for the years 2017 and 2100. 

 

Fig. 7. Comparison of January outside temperatures in 2017 

and 2100 

The results of this investigation confirms that the 

climate scenario 2100 always produces the worst results 

(hours within the comfort band) for all parameters. In the 

following, the surface parameters for the collector 

(Coll_W_m2) and the absorber (Coll_C_m2) will be 

discussed as examples, since the largest deviations could 

be observed here. The following figures show the 

variation of the parameter on the x axis and the results of 

the simulation on the y axis. The simulation results 

reflect the number of hours within the limits of the 

comfort band according to DIN EN 15251. Fig. 8 and 

Fig. 9 show that the performance of the system can be 

significantly improved as the collector area increases. 

 

Fig. 8. Results for the surface of the collector area 
parameter (Coll_W_m2) 

The curve for the absorber surface in Fig. 9 is flatter 

than the curve for the warm collector surface (Fig. 8). 

However, the Climate Scenario 2100 delivers the worst 

results (hours within the comfort band) here as well. 

 

Fig. 9. Results of the parameter for the surface of the 

absorber area parameter (Coll_C_m2) 

As the collector area increases, the gradient of the 

curves decreases. The results (hours within the comfort 

band) in the infinite are approaching a certain limit 

value. The maximum number that is possible is 8760 

hours within the comfort band. However, this was not 

considered further, since a collector surface of more than 

10 m² for this object of investigation is unrealistic in 

practical application. 

In addition, it can also be seen, that small collector 

area parameters (Coll_W_m2) lead to worse results. On 

the other hand, small collector areas already deliver good 

results. 

Fig. 10 and Fig. 11 show the Morris results for the 

area parameters of the collector (Coll_W_m2) and 

absorber (Coll_C_m2) depending on the different 

climate scenarios. The arithmetic mean value is 

displayed on the x axis. The y axis shows the standard 

deviation. As the results of scenario 2100 become flatter, 
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the standard deviation of parameter for the collector 

(Coll_W_m2) decreases. The initial situation in 2017 

provides a high empirical average across the board. 

However, a variation of the input values has a significant 

influence on the results of the simulation, which can be 

seen by the high standard deviation. The climate 

scenarios 2030 and 2050 provide nearly comparable 

results. 

 

Fig. 10. Morris method of the parameter for the surface area of 

the collector (Coll_W_m2) 

Due to the flatter curve of the parameter for the 

heating collector area (Coll_C_m2) in Fig.9, more 

consistent standard deviations result across all scenarios. 

Merely the empirical mean values show strong 

deviations. Thus, scenario 2017 has the highest mean 

value and scenario 2100 the lowest. 

 

Fig. 11. Morris method of the parameter for the absorber area 

of the collector (Coll_C_m2) 

From the point of view of the parameter of the 

collector (Coll_W_m2), a climatic change will lead to a 

constant operation with varying collector area. In the 

result, the empirical mean value for the collector area 

does not change significantly between the parameter 

variation. At the same time, the empirical mean 

decreases, which is represented by a lower number of 

hours within the comfort band. 

The variation of the parameters for the cool water 

storage capacity (V_Stor_C), the warm water storage 

capacity (V_Stor_W), as well as the mass flux of the 

absorber loop P_C_C_MFLOW, the collector loop 

(P_C_W_MFLOW), the cooling loop (P_CC_MFLOW) 

and the heating loop (P_FH_MFLOW) have in relation 

to the two considered parameters a minor influence on 

the output of the simulation and are not shown here. The 

trend of the results are similar for all considered 

parameters. The climate scenario 2100 always delivers 

the worst results.  

4.1 Optimization (Hooke-Jeeves) 

In a second step, the two most influential parameters 

namely the surface area of the collector (Coll_W_m2) 

and of the absorber (Coll_C_m2) are optimized with the 

aid of optimization procedures. For this purpose GenOpt 

is used as an optimization tool [8]. The Hooke-Jeeves 

algorithm was selected as the optimization algorithm [9]. 

This represents a nonlinear optimization method that sets 

an random starting point in the functional area of the 

optimized function and approaches a minimum step by 

step. Thereby only one parameter of the N coordinate 

axes is changed at a time. The result of the previous 

simulation is compared and evaluated. If no 

improvement of the optimization is recognizable, the 

value is reset and executed with the same step size in the 

negative direction. It has already evaluated to be suitable 

for this kind of research [10-13].  

Fig. 12 illustrates the results of the optimization of 

the climate scenario 2100 by varying the parameters 

Coll_W_m2 and Coll_C_m2.  

 

Fig. 12. Results of the optimization of scenario 2100 

It is obvious that the variation of the collector area 

(Coll_W_m2) has a greater influence on the results than 

the variation of the absorber area (Coll_C_m2). 

Table 3 lists the results for the parameters 

Coll_W_m2 and Coll_C_m2 after performing the 

optimization procedures. The values are within the 

selected interval (both intervals between 1 m² and 10 m²) 

and do not reach the interval boundaries. It can be 

assumed that the interval boundaries are well chosen. 

Table 3. Results of the optimization 

parameter acronym unit 
result 

value 

surface absorber Coll_C_m² m² 6.31 

surface collector Coll_W_m² m² 9.58 
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Figure 13 shows the resulting air temperatures in the 

room using the comfort band after the optimization. 

Compared to Fig. 3, a significant improvement or shift 

of the hours within the comfort band can be observed.  

However, it is also clear that the subject of building 

heating - due to the large number of hours below the 

comfort band - will always have a major influence on the 

planning process. The deviations above the comfort band 

are not particularly negative. A maximum of 26 °C 

indoor air temperature is acceptable at corresponding 

outside temperatures. In order to increase the cold 

interior temperatures, an (electric) auxiliary heater can 

be installed in the warm thermal storage tank. However, 

it is important to ensure that the required auxiliary 

energy is obtained from renewable sources. 

 

Fig. 13. Results of indoor air temperatures shown on the 

comfort band after the optimization 

5 Conclusion 

The optimized system technology demonstrates that with 

solar heating and radiative cooling it is possible to heat 

or cool a building in a climate-neutral way. Deviations 

from the comfort band are negligible and hardly drop 

below an internal temperature of 18 °C . 

With regard to the aspect of sustainable building 

technology, this study shows the influence of different 

technical building components (primarily the collector 

area for heating and absorber area for cooling) on indoor 

comfort by changing the climatic boundary conditions. 

The results expose that the current planning and 

design and dimensioning requirements are inadequate 

due to climatic changes. This can be seen in low 

empirical mean values for future climates. Nevertheless, 

the standard deviation for future climates is decreasing. 

Considering the parameter Coll_C_m2 (absorber area), 

the standard deviation remains almost identical, whereas 

having regard to the collector surface (Coll_W_m2), the 

standard deviation will decrease in the future. This 

means that a deviation from the current situation has a 

smaller influence on the simulation output by varying the 

collector or absorber area than with a high standard 

deviation. 

The optimization results show that the variation of 

the collector area has a considerable influence on the 

simulation output and thus on the number of hours 

within the comfort band. 

For the above reasons structural and technical 

standards have to adapt to the climatic boundary 

conditions over time. However, since building physics 

standards are reaching limits, the focus will move more 

and more towards the field of building technologies. Due 

to warmer future climatic conditions (global warming), 

the focus will shift to cooling of buildings, but heating in 

moderate warm climates like Munich will still dominate. 

Since building standards are modified relatively 

quickly compared to changing climatic conditions, the 

planning process will adapt to climate change over time.  

In addition, the size of solar thermal systems is a 

decisive factor in determining whether a building can be 

sustainably supplied with heat and cold. In this research 

study, the mass flows of the installed pumps could not be 

identified as decisive parameters for the realisation of 

nearly zero-energy buildings.  

6 Outlook and further research 

In further research analysis variations are to take place 

with regard to building usage as well as variations in 

ventilation systems. The influence of ventilation and air 

conditioning systems can already be assumed to be the 

largest uncertainty in technical building systems. The 

variation of the air exchange rate leads to heating or 

cooling of the object under investigation and thus makes 

the rest of the system technology obsolete. Since an air 

conditioning system is absolutely necessary in 

increasingly tight building envelopes, in a further step 

the interactions between the technical building systems 

must be examined in more detail. 
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