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Abstract 

Building Integrated Solar Envelope Systems (BISES) 

consists of elements that use and/or control solar energy 

and deliver renewable thermal and/or electric energy to 

the building HVAC system providing heating, cooling 

and ventilation, and/or daylight control. This paper gives 

an overview of the BISES investigated within IEA SHC 

Task 56, gives recommendations for assessing BISES and 

presents results of detailed dynamic building and HVAC 

system simulations including various BISES technologies 

using case study as an example. A techno-economic 

analysis was performed and different solutions were 

compared. For the detailed technical and economic 

analysis of different BISES on building level, dynamic 

building and HVAC simulations were performed using 

reference buildings in different European climates. 

Furthermore, experiences from European demo projects 

were included in the analysis. 

Key Implications 

 Definition and evaluation of BISES 

 Cost optimal nZEB solutions and RE integration 

 Integrated and systematic modelling approach  

Introduction 

The European Commission (EC) requests that member 

states implement nZEB (EPBD) requirements applying 

from 2021 on, enabling buildings with very low energy 

demand due to efficient building envelopes and heating 

ventilation and air conditioning (HVAC) systems as well 

as renewable energy (RE) integration on a cost-optimal 

level (see e.g. Kurnitski et al. 2011). 

Building Integrated Solar Envelope Systems (BISES) are, 

according to IEA SHC Task 56, envelope systems 

entailing elements that use and/or control incident solar 

energy, having one or more of the following uses: 

 To deliver renewable thermal or/and electric energy 

to the systems providing heating, cooling, and 

ventilation to buildings. 

 To reduce heating and cooling demands of buildings, 

while controlling daylight. 

Although this definition is clear in describing the 

distinguishing feature of solar envelope solutions, the 

scope remains wide in terms of technologies that can be 

applied. It includes indeed a very diversified group of 

solutions, from the ones managing daylighting and solar 

gains (mainly shading devices) to others that integrate 

renewables source generation (mainly PV, ST, or PVT). 

Such systems can be also coupled with other active 

components (i.e. mechanical ventilation with heat 

recovery, heat pumps, etc.) leading to a broad variety and 

wide range of solutions and applications. Fig. 1. Presents 

a selection of examples of BISES investigated within IEA 

SHC Task 56. 

  

   
Figure 1: Examples of solar envelope systems; from the 

top, Kromatix BIPV panels, Lumiduct, Okalux Okasolar 

3D, Kindow, and SunRise building-integrated solar 

thermal system (IEA SHC Task 56, Deliverable A1, A2) 

BISES might involve passive elements (i.e. shading, 

daylight control) and/or active elements (BIPV, BIST, 

BIPVT). Façades with elements for daylighting/shading, 

glare protection (solar gains, artificial light) are mainly 

applied in non-residential buildings, see e.g. Geisler-

Moroder et al (2018), Geisler-Moroder et al. (2019), 

Hauer et al. (2019), Taveres-Cachat et al. (2020) and are 

able to: 

 guarantee visual comfort (while thermal comfort is 

maintained); 

 increase daylight use; 

 enable primary energy (PE) savings (by reducing 

heating demand and cooling demand). 

Façades with active elements (i.e. Solar Thermal (ST), 

Building Integrated Solar Thermal (BIST), Photovoltaic 

Thermal (PVT) or Heat Pump (HP) and/or Heat Recovery 

Ventilation/Energy Recovery Ventilation (HRV/ERV) 

coupled with PV, Building Integrated Photovoltaic 

(BIPV)) for heating/cooling/ventilation, as e.g. in 

Dermentzis et al. (2018), Calabrese et al. (2018), 

Calabrese et al. (2019), Jaehnig et al. (2018), Ochs et al. 

(2017), Ochs et al. (2018), Ochs et al. (2019), Venus et al. 

(2016) can be applied in both residential and non-

residential buildings to: 
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 guarantee thermal comfort and provide indoor air 

quality; 

 allow forPE savings (reduction of heating and 

cooling demand as well as maximization of 

renewable energy use). 

For the investigation of BISES on building level the 

following applications were included: 

Table 1: Components of Solar Facades, use, and type of 

system integration. (SH: space hating; DHW: domestic 

hot water) 

Technology Use System remark 

Insulation Heat, Cold 
(influence on 

Heating and  

Cooling 

Demand,  

Heating and,  

Cooling Load) 

Passive 

Windows Heat, Cold, 

Daylight 

Passive 

Daylighting 

(blinds, 

screens, etc) 

Shading, 

glare 

protection, 

daylighting 

Solar 

Passive 

(BI)PV Electricity SH, cooling 

with heat pump, 

MVHR, E-

Boiler; Aux., 

Appliances 

Solar 

Active 

(BI)ST Heat SH, DHW, src. 

for HP Cooling 

Solar 

Active 

(BI)PVT Heat, 

Electricity 

Pre-Heating, 

source for HP 

(SH, DHW, 

Cooling) 

Solar 

Active 

MVHR 

(HRV/ERV) 

Heat (Cold), 

Humidi-

fication, 

Dehumidi-

fication 

Ventilation, SH, 

cooling, de-

humidification 

Active 

Heat pump Heat, Cold, 

Dehumidi-

fication 

SH, cooling, 

DHW, de-

humidification 

Active 

Storage Heat, 

Electricity 

SH, DHW, 

Cooling, Aux. 

Appliances 

Passive 

SDWR Heat DHW Passive 

Pipes/Ducts - Heat/cold 

distribution, 

ventilation, 

waste water 

Passive 

An integrated and systemic approach is required to 

promote and evaluate BISES integrated into the 

building’s HVAC and lighting systems. In the IEA SHC 

Task 56 an inventory of BISES was categorised and 

integrated methods and simulation models for assessing 

BISES were developed. We give an overview of BISES, 

provide recommendations for their performance 

assessment, and illustrate such assessment in a case study 

example with the focus on simulation-assisted evaluation 

of BISES and finding the cost-optimal level. 

Methods 

Techno-Economic Analysis of BISES 

A techno-economic analysis is performed using different 

building and HVAC models that were previously cross-

validated (see also D’Antoni et al. (2018) and Magni et al. 

(2019) as well as D.C1 of IEA SHC Task 56 for details). 

(Pre-) Design calculation tools (PHPP, DALEC), as well 

as dedicated simulation platforms (TRNSYS, E+, 

Modelica, Matlab), were used for the virtual case studies. 

A sensitivity analysis, as well as multi-objective 

optimization, was performed. 

Key Performance Indicators 

An integral and systemic approach is required to promote 

solar envelopes integrated into the building’s HVAC and 

lighting systems.  The energy performance, primary 

energy savings, indoor air quality, thermal and visual 

comfort as well as architectural integration were 

investigated on component and on building level. Virtual 

case studies were examined using several cross-validated 

calculation and simulation platforms and for several 

European climates representing heating and cooling 

dominated climates as well as different solar potential. 

Table 2 summarizes the key performance indicators that 

were used to evaluate and compare different solar façade 

systems. 

Table 2: Key Performance Indicators (KPI) 

KPI Description 

TC Thermal Comfort: Operative 

temperature op / [°C], relative 

humidity rH / [%] 

IAQ Indoor Air Quality: CO2 / [ppm], 

relative humidity rH / [%] 

VC  Visual Comfort: glare DGP, daylight 

autonomy sDA 

FE Final Energy (delivered energy) / 

[kWh/(m2 a)] 

LCF/SCF Load and Supply Cover Factor 

SF Solar Fraction 

PE  Primary Energy PE / [kWhPE/(m2 a)]: 

monthly PE conversion factors, see 

Ochs et al., 2018  

EAC Equivalent annual cost / [€/(m² a)] 

TAC Total annual cost / [€/(m² a)]: EAC + 

operation and maintenance 

CI Cost intensity CI = TAC/PE / 

[€/kWhPE,saved] 

Herein, the supply cover factor and load cover factor are 

defined as follows and are determined on simulation time 

step level: 

 SCF = WPV,own / WPV (1) 

 LCF = WPV,own / WEl,tot (2) 

The PV own consumption WPV,own was evaluated on 

simulation time step level. A constant European primary 

energy conversion factor of fPEnon-RE = 2.3 is used to 

calculate the PE demand. The cost-intensity (€/saved 

kWh) was used as a performance indicator to compare 

cost-optimal solution (based on EPBD cost-optimality 

methodology) integrating high shares of RE into 

buildings. The comparison was extended to different 

European countries allowing to compare possible PE 

savings and additional costs to achieve these PE savings.  
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Virtual Case Study  

In the framework of IEA SHC Task 56, both, residential 

and tertiary buildings (office, school, library) as well as 

new-built and retrofitted ones were analysed. Here, as an 

example, a typical detached single-family house (SFH) is 

used as a case study to investigate the cost-optimal 

configuration of the envelope, HVAC technology, and 

integration of renewables (PV) for different European 

climates. The case study illustrates the integral 

assessment method, developed in the IEA SHC Task 56 

project, for evaluating BISES systems as part of the 

integral building design. For certification of buildings, 

simplified, fast and easy to use methods are required, 

contrariwise, only dynamic simulation models allow a 

realistic prediction of e.g. the PV self-consumption 

considering thermal mass and (thermal/electric) storage. 

A dynamic single zone lumped mass model was 

developed and is used for the parametric analysis. 

The SFH with two stories and 140 m² of the treated area 

is described in detail in IEA HPT Annex 49. Domestic hot 

water preparation with a 120 l storage is considered with 

a final DHW demand of 7 kWh/d, corresponding to the 

useful energy demand according to European tapping 

cycle “M”. Different profiles for appliances (on hourly 

basis) are applied with a total annual electricity 

consumption of 3000 kWh.  

The following variants of the HVAC system and BISES 

were considered in the study: 

 Envelope; average heat transfer coefficient Um / 

[W/(m² K)] = [0.11, 0.14, 0.16, 0.19, 0.24, 0.29, 0.34, 

0.44, 0.54] 

 With and without mechanical ventilation with heat 

recovery (MVHR), T* = 0.6 (Remark: the effective 

heat recovery rate T* includes infiltration and 

corresponds to typical market available system.) 
 Heating and DHW preparation: Direct electric, Air-

Water Heat Pump (A-HP), ground sourced heat 

pump (GW-HP) 

 With or without shower drain water recovery 

(SDWR); (Teff = 0.45 of useful DHW, ca. 30 % of 

delivered DHW) 

 With or without PV (constant efficiency of 12.5 %) 

5 kWp (i.e. 30 4m² on the 32.5 m² roof with) + 

optionally 1 kWp or 5 kWp on the 51.7 m² (opaque 

area) south façade (with  total opaque area) 

Climates  

Virtual case studies were examined by means of 

numerical simulation. The first step was a comparison and 

parameterization of an office cell in several calculation 

and simulation platforms such as E+, TRNSYS, IDA ICE, 

Modelica, Matlab/Simulink, DALEC and PHPP, see 

Magni et al. (2019) for more details. Simulations were 

performed with several European climates, representing 

heating and cooling dominated climates as well as 

different solar potential. Furthermore, in some case 

studies other European and non-European local climates 

were considered, e.g. Innsbruck (At), Stuttgart (D), 

Strasbourg (F), Eindhoven (NL), Montreal (Ca). In 

addition to the virtual case studies, demo cases were 

analysed. For a selection of climates, the heating degree 

and cooling degree days as well as the global solar 

radiation (on a horizontal and on a 45° sloped plane as 

well as on a south façade) is reported in Table 3. 

Table 3: Selection of European climates with heating 

degree days (HDD, 20°C/12°C), cooling degree days 

(CDD, 18.3°C), annual global horizontal radiation (IG), 

annual global radiation on a 45° slope (IG45) and 

annual global radiation on a south façade (IG90), acc. 

to Carnot Library (based on Meteonorm) 

Climate Type 
HDD  CDD IG IG,45 IG,90 

[kKh] [kWh/(m² a)] 

Stockholm 

(STO) 

C
o
ld

 98.2 3.3 951 1176 899 

Gdansk 

(GDA) 
96.1 2.5 1067 1223 886 

Innsbruck 

(IBK) 

M
o
d
er

at
e 

87.9 5.9 1229 1352 980 

Stuttgart 

(STU) 
80.3 5.5 1160 1267 901 

Strasbourg 

(STR) 
71.7 7.3 1180 1227 849 

London 

(LON 
67.6 2.5 1156 1169 842 

Lyon (LYO) 56.9 11.7 1202 1460 1002 

Madrid 

(MAD) 
W

ar
m

*
)  51.9 18.9 1162 1903 1267 

Rome 

(ROM) 
34.5 16.6 1249 1888 1275 

*) Cooling to a set point of 25 °C was considered as an option, 

results are reported without cooling, except section Cooling 

Economic Parameters 

A techno-economic analysis can involve two different 

levels: 

 Micro-economic optimization → costs for building 

owner/operator (system design/sizing, control, cost 

reduction) 

 Macro-economic evaluation → costs for society 

(technology ranking, PE/CO2 savings, costs). 

The techno-economic analysis allows developing a 

technology ranking on the macro-economic scale. Within 

a global optimization, different technologies can be 

investigated (e.g. integration of storage into the building 

and its influence on the local, regional, or national energy 

system). On the microeconomic scale, individual 

optimization has usually the purpose to find optimal 

sizing of components (dimensioning) and/or optimize the 

operation of the building and system (control 

optimization, commissioning, and fault detection). 

For the case study of the SFH, the following economic 

parameters (Annuity Method) were applied 

 Period of Consideration  P = 20 yrs. 

 Interest Rate (nominal)   i = 3 % 

 TAC = EAC + MC + OC (3) 

 EAC = IC . i / (1 - (1+i)-L) (4) 

with Investment Costs (IC) 

 Envelope (Insulation) 125 €/m³  L = 40 yrs. 

 Envelope (Window) 85 €/m²  L = 50 yrs. 
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 MVHR Invest  3000 €  L = 15 yrs. 

 MVHR Installation 3000 €  L = 30 yrs. 

 SDWR  1200 €  L = 15. yrs. 

 A-HP   8000 € (3.5 kW) L = 15 yrs. 

 G-HP   + 6000 €  L = 15 yrs. 

                                                        (ground source 30 yrs.) 

 PV (R)  1600 €/kWp L = 15 yrs. 

 PV (F)  3000 €/kWp L = 15 yrs. 

Operation (OC) and Maintenance (MC) costs 

 Electricity buy  cel,b = 0.25 €/kWh 

 Electricity sell  cel,s = 0.0 €/kWh  

 Maintenance/Repair 5 % of TAC 

With respect to PV payback price, two additional 

scenarios were considered with cel,s = 0.04 €/kWh and 

0.25 €/kWh, i.e. net metering. 

Results 

Single Family House in Strasbourg 

Dynamic simulations were performed with a maximum 

time step of 1 h (Matlab, ode solver) and data is processed 

with 1 h resolution. Results are reported here as daily 

average/sum for sake of better presentation. The daily 

electric energy balance for the SFH in PH standard with 

air-HP and PV (roof) is shown in Fig. 2 (a). The 

corresponding daily electric energy, total consumption, 

PV generation and resulting grid load is shown in Fig. 2 

(b). It is remarkable that even for a very good envelope 

quality, with MVHR and air-HP, PV cannot significantly 

contribute to the electric energy demand in winter. 

 
 (a) 

 
(b) 

Figure 2: (a) Daily electric energy balance contribution 

of space heating, DHW, appliances and auxiliaries; (b) 

Daily electric energy, total consumption, PV generation 

and resulting grid load 

For each climate 576 dynamic building and HVAC 

simulations were performed and analysed. A selection of 

the results is shown using Strasbourg as an example in 

Fig. 3. The cost difference is plotted vs. the primary 

energy demand for different envelope qualities and 

HVAC solutions. Figure 4 includes BISES and reports the 

influence of the PV buyback price and the type of energy 

balance (i.e. physical time step based balance vs. net 

balance). 

 

  
(a) 

  
(b) 

 
(c) 

Figure 3: Cost difference (c) with respect to reference 

vs. primary energy demand (PE) for different envelope 

qualities (points on each curve) and HVAC solutions 

(curves); SFH in Strasbourg (a) EAC, (b) TAC  (c) 

cost intensity (TAC/PE); (no PV) 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 4: Balancing and PV buyback price (a) no 

buyback (b) 0.04 €kWh, (c) 0.25 €/kWh (d) net PV 

balance and net metering for different envelope qualities 

and HVAC systems (the colours indicate different case 

without and with PV (on the roof (R) and on roof and 

small PV façade system (R+sF)) 

The SCF relates the PV own consumption to the total PV 

yield (eq. 1). Hence, SCF can be relative high in case of  

small PV system in combination with relative large loads, 

i.e. the majority of the small amount of PV can be 

consumed in such cases. However, there is no significant 

contribution to PE savings as shown in Fig. 5. It reveals 

that the SCF is not suitable to evaluate the performance of 

a BISES. Significant PE savings can also be obtained 

without PV, which is neither covered by SCF nor by LCF. 

 

Figure 5: LCF vs. SCF for different levels of primary 

energy demand (PE) 

Cost-optimality on European Level 

Each of the 576 cases was simulated in several EU 

climates (see Table 3, above). It is important to note that 

active cooling is not considered here (see next section for 

the influence of cooling). For better readability, only the 

curves with optimal costs per PE are compared in Fig. 6. 

There is a clear trend that when moving from cold via 

moderate to warm climates, the PE demand reduces and 

also the LCC. In all cases, the cost-optimum is relatively 

flat and in a range between 60 kWh/(m² a) and 

110 kWh/(m² a) and there is no clear trend for the cost-

optimal PE with respect to the climate. However, a clear 

trend can be recognised if the cost differences are plotted 

vs. the saved PE with respect to the reference (i.e. DE 

heating, no MVHR, no PV). For all climates, there is a 

range of PE savings, which feature low slope of the cost 

per saved kWh of PE and at a certain limit, there is a 

strong increase in the slope of the curve (costs per saved 

kWh). In warm climates, possible savings are small 

related to cold climates, but this mainly because the level 

of PE is already comparably low also for moderate 

building quality and without use of MVHR and HP.  

 

(a) 
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(b) 

Figure 6: Curve with lowest cost difference (C) (a) and 

cost intensity (C/PE) (b) per saved PE for 9 different 

European climates (no PV buyback) 

Influence of Cooling 

The previous cases were simulated without cooling, 

which might lead to misleading trends for the warm 

climates, therefore, in this section, for a selection of cases 

(DE Heating, with and without A-HP for DHW with and 

without MVHR, with and without PV) is presented for the 

climate of Rome. The investment cost for the cooling 

equipment is assumed to be 6000 € with a service life of 

15 yrs. For sake of simplicity, the EER is assumed to be 

constant at 3. The cooling setpoint of 25 °C is controlled 

with a hysteresis controller (± 0.5 K). 

If cooling is considered a relative small increase of the 

primary energy demand can be recognised: in the range of 

some 5 kWh/(m² a) without PV and approx. 2 kWh/(m² a) 

with PV. The general trend remains the same, but the 

minimum LCCs are significantly higher, i.e. approx. 20 

€/(m² a) instead of 16 €/(m2 a). In both cases (w/ and w/o 

cooling) the cost-optimum is at a level of PE of around 67 

to 71 kWh/(m² a) and is a medium quality envelope with 

PV on the roof. Façade integrated PV is again not 

economically feasible but is required if PE should be 

reduced to very low levels, i.e. to around 34 kWh/(m² a), 

see also Table 4. 

Table 4: max, min and cost-optimal non-RE PE in 

kWh/(m² a) for Rome, with and without cooling 

 min Cost-optimal max 

Without 

cooling 

34.2 66.8 at  

16.2 €/ (m² a) 

167.5 

With 

cooling 

34.4 71.1 at  

20.4 €/ (m² a) 

172.9 

Discussion 

In the framework of IEA SHC Task 56 “Building 

Integrated Solar Envelope Systems for HVAC and 

Lighting” were investigated on building level. For all 

virtual case studies, primary energy (PE) savings and the 

capitalized total annual costs were evaluated. A techno-

economic analysis of different technologies including 

passive components (envelope, MHVR, SDWR), active 

components (heat pump) and renewables (ST, PV, PVT) 

was performed. Cost-optimal solutions based on suitable 

combinations of passive and active components can be 

identified depending on the climate and type of building 

i.e. residential buildings and non-residential buildings as 

well as application (heating, cooling, DHW, lighting, 

appliances). The cost-intensity of different technologies 

was evaluated vs. their primary energy savings. 

The investigated virtual cases of solar façade systems 

show the potential of integrating passive and active solar 

technology. A methodology was developed to analyse and 

compare different solutions. Based on the presented 

results design guidelines can be elaborated. Furthermore, 

the investigated numerical models can be used in future 

work to further foster and optimize solar façade systems.  

To obtain high PE savings at a cost-optimal level, the first 

step should always be reducing the energy demand by 

means of passive and active measures, and then as a 

second step integrating RE into the building and the 

HVAC system.  

Low energy demands also lead to lower loads, which 

allow downsizing of the system and reducing HVAC and 

RE investment costs. Downsizing further allows easier 

building integration. 

To be able to calculate possible savings that can be 

obtained by integrating RE, the energy demand has to be 

predicted correctly, at least on a monthly basis. A correct 

prediction is also the basis for appropriate system sizing. 

Both under-sizing and over-sizing must be avoided to 

prevent discomfort (under-heating, over-heating), 

suboptimal performance, shorter service life of equipment 

(on/off cycling), and higher investment costs. Building 

and HVAC simulations can support both optimal system 

design and accurate prediction of possible savings and the 

associated life cycle costs. Furthermore, sufficient indoor 

air quality, as well as thermal and visual comfort can be 

proven for each solution. 

In the residential sector, appliances have a significant 

contribution to the total energy demand and should not be 

disregarded. In moderate and cold climates, the main 

energy request is due to space heating and DHW 

preparation. The better the building envelope, the more 

relevant the DHW demand is. Cooling can have a 

significant contribution in warm climates, but (if kept 

within acceptable limits employing passive measures) is 

less critical as loads occur mainly during daytime when 

(in summer) solar energy is available. High-performing 

residential buildings still have a considerable high 

demand because of DHW preparation, auxiliary energies, 

and appliances, which can at least partly be covered by 

RE.  

In the case of SFH, there is usually a quite large available 

area for RE, therefore a net-zero energy balance is 

possible. However, dynamic simulations show that the 

self-consumption is relatively small with load cover factor 

(LCF) only in the range between 15 % and 40 % for 

moderate and up to 50 % for warm climates with a supply 

cover factor (SCF) of up to 50 % for smaller PV systems 

and only 25 % for larger systems.  

Instead, for MFH, a high variability has to be considered 

due to possible size, shape, and number of stories. 

Usually, the available roof area is small in relation to the 
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treated area and exploiting the façade in addition to the 

roof is more relevant.  

In the residential sector, MVHR turned out to be not 

economic but is anyway recommended to maintain the 

same level of indoor air quality with extract air ventilation 

avoiding discomfort situations (cold air). The application 

of SDWR is economic in some cases, but it does only 

contribute significantly to PE savings in case of direct-

electric (DE) DHW preparation, which should be avoided. 

In the case of air-HP and particularly in the case of GW-

HP there is only a relatively small benefit.  

The application of PV allows reducing the PE to zero in 

many cases. The cost-optimum curve is relatively flat, and 

several combinations lead to similar annual capitalized 

cost and PE savings. The climate influences the cost-

optimal combination of envelope quality, HVAC, and 

renewables. It is noteworthy that the assumption of the 

cost parameters (such as electricity prices, price 

development and local variation of equipment and 

installation costs) and the user behaviour are important 

factors and can significantly affect the results. In the 

European context, the use of BISES resulted in low levels 

of PE in moderate to warm climates. However, reducing 

PE is cost-effective in cold climates, unless very high PE 

savings should be achieved.  

The evaluation was extended to monthly primary energy 

factors accounting for different scenarios for the future 

electricity mix, i.e. with different RE shares (hydro, wind, 

PV), see Ochs et al. (2018). Thus, solutions can be better 

identified that allow for more valuable savings in winter 

such as ground sourced heat pumps compared to those 

that mainly contribute to savings in summer (e.g. PV).  

Conclusions 

In IEA SHC Task 56 energy performance, primary energy 

saving, indoor air quality, thermal and visual comfort and 

also architectural integration were investigated on 

component and on building level. This contribution 

focuses on the energetic and economic evaluation of such 

building-integrated solar envelopes on building level. In 

the residential sector, solar thermal (ST) and photovoltaic 

(PV) and photovoltaic thermal (PVT) systems are 

typically mounted on the building’s roof. The use of 

facades is rarely recognized. 

In office buildings, glare protection is usually delegated 

to occupants, manually controlling blinds and/or curtains 

and not considered as an integral part of the façade design 

problem. In the tertiary segment, and specifically office 

buildings, solar technologies are still rarely used at all and 

if so, they are usually only on the roof of the building. 

Effective daylighting management in office spaces, that 

enables high daylight utilisation whilst preventing glare 

and reducing artificial lighting is still hardly applied. Such 

effective daylight management requires a careful 

consideration of façade design, solar shading and artificial 

lighting controls, aspects that are often considered in 

isolation at different points in the design and operational 

phases of the building. Additionally, there is still a gap in 

the knowledge on how to integrate shading and lighting 

controls properly using practical and scalable methods. 

The potential PE savings of BISES on building level were 

analysed for different scenarios of the (future) energy mix 

composition by applying monthly primary energy factors. 

It could be observed that the electricity mix influences the 

composition of the optimal solution and the ranking of 

different technologies. With (future) higher shares of 

renewables in the electricity mix, on-site RE becomes less 

beneficial, therefore technologies that reduce the energy 

demand in winter, such as passive solutions, heat 

recovery, or heat pumps, would outperform those that 

contribute predominantly in summer. 

If only the investment cost is considered, (which is still in 

many cases the relevant decision criterion), the solutions 

with high PE savings, which clearly require also higher 

investments, would be excluded. Hence, incentives are 

required to foster the implementation of cost-optimal high 

PE saving solutions. 

Individual recommendations and decisions might deviate 

from the derived general trends due to 

design/architectural/cultural aspects, comfort and health 

aspects as well as individual wishes, opinions or 

experiences. Furthermore, local legislation, incentives, 

funding or restrictions (historic, current, and expected) 

will influence the individual decision. Obviously, the 

local energy system (DH, electricity mix, biomass, etc.) 

as well as the local market/local conditions (availability 

of technology, price, competition, experience, and skills, 

etc.) are relevant boundary conditions. Finally, 

investment limits/budget constraints as well as risk 

management has to be considered. 
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