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1 Introduction 

 

Practitioners are using a wide variety of different workflows, methods and tools in the planning 
of integrated solutions for daylighting, electric lighting and lighting controls. Lighting design 
projects cover a huge variety of applications with different requirements as well as project types 
and sizes. Within the Subtask C ñDesign Support for Practitioners ï Tools, Standards, 
Guidelinesò of the IEA SHC Task 61 / EBC Annex 77 ñIntegrated Solutions for Daylighting and 
Electric Lighting: From Component to User Centered System Efficiencyò currently applied 
workflows in practical applications have been reviewed.  

In a first step three different projects with integrated daylighting and electric lighting solutions 
have been selected. These example design projects are described in detail to give an idea 
how possible design projects with integrated lighting solutions look like and where the 
described workflows and tools might be applied. The three buildings are located in Austria, 
Germany and China, respectively, and represent modern office spaces which were recently 
built or renovated. Thus, the installed lighting solutions give a good feeling for the state-of-the-
art technology. 

With these example design projects in mind, typical workflows for the planning process of 
integrated lighting solutions have been collected and documented. They cover examples of 
workflows that are currently applied by practitioners as well as information about design 
workflows as they are proposed in standards or guidelines. The workflow evaluation 
documents project phases and their associated design depths as well as main problems and 
open issues. This allows to assess the applicability of the single workflows to specific design 
tasks. 

All described workflows utilize software tools to a greater or lesser extent to support the 
planning process or to evaluate design options. To provide an overview of the possibilities, 
strengths, weaknesses and barriers of the state-of-the-art in lighting simulation, relevant and 
widely used software tools have been analyzed and documented. A tabulated comparison of 
the features of the single tools gives a good indication which tools are suitable for which user 
group, design phase and application. 
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2 Example Design Projects 

 

 Bartenbach R&D Office 

by David Geisler-Moroder, Bartenbach, Austria 

 

The Bartenbach R&D office is a single-story building located in the countryside close to 
Innsbruck, Austria. The building has a south oriented, glazed facade and skylights on the north 
side. The office was used as a testbed for various artificial lighting systems and daylighting 
systems over the last 15 years. In 2015 the building was refurbished to provide a cutting-edge 
office space with an integrated day- and artificial lighting control, dynamic and biological active 
electric lighting, and an innovative daylight solution. 

This newly refurbished space provides a good example to analyze the current state of the art 
workflows in integrated lighting design as well as the potential of different simulation tools. 

 

 

Figure 1: Bartenbach R&D office in Aldrans, Austria. 

 

The building is located at 47.245°N and 11.458°E and an altitude of 880m in the village of 
Aldrans in the western part of Austria, close to the city of Innsbruck. The closest weather data 
station with data available on https://energyplus.net/weather is at Innsbruck airport about 8km 
away at an altitude of 590m. (There is another IWEC2 weather data set from the station at the 
summit of ñPatscherkofelò at 2246m, which is however not an adequate data set for evaluations 
in the valley.) 

https://energyplus.net/weather
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Figure 2: Location of Bartenbach R&D office in the western part of Austria.  
Map data ©2019 Google, GeoBasis-DE/BKG (©2009), Inst. Geogr. Nacional 

2.1.1 Geometric and use description  

The example office is an open-plan office with 169m2 (26,20m x 6,45m), room height 2,75m, 
and an adjacent double office and a meeting area with overall additional 29m2 (4,50m x 6,45m). 
The open-plan office is designed to host 10 persons along the nearly south-oriented façade 
and 9 along the north side under the pitch roof, respectively. Additional workplaces in the 
middle line are used for interns or as additional workspace. 

The intended usage is office work, thus the appropriate regulations and standards (especially 
EN12464 for lighting) must be met.  

 

 

Figure 3: Floor plan of the example office space. 
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Figure 4: Section of the example office space. 

 

2.1.2 Surroundings 

The R&D office is located in the countryside close to Innsbruck, Austria. The building was 
constructed in 1997 as annex to the existing office building. The building has a large south 
oriented facade, a smaller facade to the west and skylights in the northern pitch roof area.  

The nearby crest from Patscherkofel to Glungezer causes natural shading, especially in the 
mornings of the months around winter solstice. There are no obstructions from close buildings. 
Figure 5 shows the surroundings in front of the south façade. 

 

 

Figure 5: Fisheye photograph showing obstruction through  

mountains overlaid with sun path diagram. 
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2.1.3 Daylighting solution 

Different daylighting solutions were installed at the southern façade and at the northern pitch 

roof. In each case a static system is combined with moveable systems to provide sun and glare 

protection as well as high daylight provision. 

Southern façade solution, upper part 

¶ Exterior fixed large louvers for sun protection (A) 

¶ Varying distances between blades at the façade optimized for sun paths at specific 

location  

¶ Last blade functions as awning for the lower part 

¶ Additional automated exterior diffusing screen between glazing and louvers for 

luminance control and glare protection, motorized (B) 

Southern façade solution, lower part 

¶ Interior top-down/bottom-up diffusing screen behind glazing for luminance control and 

glare protection by user, manual (C) 

Northern pitch roof solution  

¶ Exterior fixed shading for roof pitch with geometry and tilt angle designed for sun paths 

at specific location (D) 

¶ Additional automated interior diffusing screen for luminance control and glare 

protection. Motorized (E) 

 

 

Figure 6: Daylighting solutions in example office space: (A) exterior louvers,  
(B) exterior diffusing screen, (C) interior diffusing screen,  

(D) exterior fixed structure, (E) interior diffusing screen. 
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Figure 7: Exterior view of example office with exterior louvers and screen at 
south façade (left) and sun shading structure at northern pitch roof (right).  
The heliostat in the right image is used to bring daylight to the basement. 

  

Figure 8: Interior view of example office at overcast conditions with movable systems retracted (left)  
and at sunny conditions with movable systems in positions to avoid direct sun penetration (right). 

 

The installed daylighting solution provides high daylight availability and uniformity for both 

overcast and sunny sky conditions. With up to 2500lx horizontal and 1200lx vertical illuminance 

at the workplaces it really enables biologically active lighting through intelligent use of daylight. 

The sun and glare protection systems ensure a pleasing and glare free visual environment. 

 

Figure 9: Measured daylight distribution at sunny conditions. 
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2.1.4 Electric lighting solution 

The installed electric lighting system with freeform-surface reflectors was developed by 
Bartenbach. The ceiling integrated LED luminaires contain two light colors (warm-white at 
2200K and cool-white at 5000K) in every single reflector and thus allow a highly homogeneous 
light mixture out of the luminaire. 

At highest current feed of 7.1W/m2, 1200lx horizontal illuminance on the workplaces can be 
provided in every light color between 2200K and 5000K to enable a highly dynamic and 
biologically active lighting. 

Key facts of the electric lighting system are: 

¶ Architecture integrated LED luminaires 

¶ Installed lighting power density of 7.1W/m2  

¶ Overall annual electricity consumption for electric lighting only 5.1kWh/m2a 

¶ Variable color temperature between 2200K and 5000K for biologically active lighting 

¶ Up to 1200lx horizontal illuminance possible in every color temperature 

¶ Daylight and occupancy responsive control 
 

 

Figure 10: Design concept for electric lighting solution. 
 

 

Figure 11: Architecture-integrated electric lighting system installed in example office space. 
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Figure 12: The tunable white electric lighting system provides color temperatures from 2200K to 5000K. 

2.1.5 Integrated lighting control and building automation 

The control for the electric and daylight systems as well as for heating and ventilation is 
integrated in a holistic Beckhoff control system. A total of 48 sensors for occupancy, workplane 
illuminance, exterior illuminance, wind speed and temperature provide input for the integrated 
control of the daylight and the electric lighting systems. The color temperature of the electric 
lighting is dependent on the time of the day and the exterior daylight situation, the workplane 
illuminance is set to the target illuminance via a closed-loop control. The automated shading 
systems at the south façade and at the north pitch roof are closed to provide sun and glare 
protection with sun position dependent settings to avoid direct sun penetration. 

Additionally, every user has the possibility to override the illuminance settings for the electrical 
lighting and the movable daylighting systems for his/her own area. The top-down/bottom-up 
glare protection screens in the lower part of the southern façade are controlled by the users 
manually. 

Summarized, the bullet points of the integrated lighting control system are: 

¶ Daylight responsive electric lighting control 

¶ Control of color temperature dependent on time and daylight conditions 

¶ Automated sun and glare protection system control according to exterior conditions 

¶ Indoors sensors for workplane illuminance, occupancy and temperature as well as 

outdoor sensors for exterior illuminance, wind speed and temperature 

¶ Integrated closed-loop control for daylight, electric light, heating and ventilation  
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Figure 13: Control specification for dynamic interior lighting.  

 

 

Figure 14: Example sequence of interior lighting conditions in the office space.  
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Figure 15: Control setup. 

 

   

Figure 16: Occupancy sensors between luminaires (left), workplane illuminance sensors (center),  
and embedded PC in the control cabinet (right).  

 

 

2.1.6 Evaluation 

A comprehensive monitoring and evaluation of the Bartenbach R&D office is done within 

Subtask D ñLab and field study performance trackingò of this IEA SHC Task 61 / EBC Annex 

77 ñIntegrated solutions for daylight and electric lightingò. The results will be published in the 

report of this Subtask and will be available on http://task61.iea-shc.org/. 

 

 

  

http://task61.iea-shc.org/
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 DIAL Corporate Building  

by Daniel Witzel, DIAL, Germany 

 

The DIAL Company building is a three-story office, administration and training building in 
Lüdenscheid, North Rhine Westphalia, Germany. The architecture and overall technical 
concepts were designed in-house and managed by DIAL in a lead capacity through to 
occupation of the building in 2013. Since then, the software-controlled building has been 
continuously developed and improved. From the very beginning, the focus of the design was 
on people, their needs and comfort in the building, in accordance with the philosophy, that the 
user does not have to operate anything, the intelligent building serves the user. 

 

 

Figure 17: DIAL Corporation Building Lüdenscheid. 

The integrated design of architecture and technology follows a holistic concept. All technical 
component groups are networked with each other, no system functions autonomously.  

The DIAL building is located at 51.219°N 7.63°E at an altitude of 415m above sea level in the 
region of South Westphalia, near the Ruhr area. 
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Figure 18: Location of DIAL Corporation Building, NRW Germany.  

Map data ©2019 GeoBasis-DE/BKG (©2009), Google 

 

2.2.1 Geometric and use description  

On three floors about 2,900 m2 of space for 100 employees are available. The complex space 
program includes among others: 

¶ a central foyer with catering area (atrium) 

¶ office and conference rooms 

¶ an experiment laboratory for lighting (white lab)  

¶ a photometric laboratory (black lab) 

¶ an automation laboratory 

¶ further seminar and experimental rooms 

The building is a cuboid with rectangular ground plan. It is oriented with its long side parallel 
to the building of the adjacent tax office. The external dimensions of the building are 25.85m 
wide and 44.05 m long. The normal floor height is in the first and second floor at 3.60 m, on 
the ground floor at 5.15 m. The clear height is in the first and second floor at 2.95 m, on the 
ground floor at 4.50 m. The main entrance is at the street side of Bahnhofsallee. Further access 
is via the necessary stairwells, on the north and south side, as well as via the bistro area and 
the delivery entrance on the east side. The stairwells on the north and south side also forms 
the first escape route of the building. 

 

          

Figure 19: Section and ground floor of DIAL Corporation building. 
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Figure 20: First and second floor of the DIAL building. 

 

2.2.2 Surroundings 

The plot for the DIAL Corporate building is located north of the tax office at the Bahnhofsallee 
opposite the University of Applied Sciences South-Westphalia. It is divided into two parcels of 
different sizes, which can be built by DIAL in two construction phases as an option. The plot 
area for the first construction phase is 5,266 m², the covered building area is approximately 
1,000 m². There is room for a possible extension to the north with additional 3,000 m². 

 

 

Figure 21: Surroundings of the DIAL building. 

Lüdenscheid has several weather stations. Current weather data are available via the German 
weather service from the station 3098 at 51.25 ° N 7.64 ° E in 386 m above sea level in about 
3 km distance. 

2.2.3 Daylighting solution 

The building is equipped with external blinds that are controlled by a central weather station of 
the building automation system depending on the position of the sun. Since no sunshine is to 
be expected on the north side, no blinds were planned on this façade side. The central atrium 
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is supplied with daylight via a 124 m2 skylight, which has no sun protection so far. At the ground 
floor only the storage room, the technical central, the white laboratory and the south stairwell 
have sun blinds. 

 

Figure 22: DIAL building atrium. 

The individual rooms and offices are, with a few exceptions, visually connected to the corridors 
and the atrium with glass partitions to cope with the supply of daylight and the planned 
requirement for transparency. The floor-to-ceiling windows without lintels together with the 
bright material on the surface of the soffits ensure maximum daylight entry. 

 

 

Figure 23: Office room in the DIAL building. 
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2.2.4 Electric lighting solution 

The office lighting consists of indirect ceiling lighting as well as additional spots that set accents 
of light at certain points. 

 

 

 

Figure 24: LED Spot 20W, Indirect Illumination 2x 80W. 

 

The office lighting is based on the concept of Human Centric Lighting. The light adapts to the 
biological rhythm of the day, but can be adapted at any time to the requirements of the user 
through an app. 
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Figure 25: Individual settings for HCL. 

 

 
 
Setpoint shift by -500 lux from the calculated daily setpoint. 

 
 
Standard daily course setpoint. 

 
 
Setpoint shift by -500 lux from the calculated daily setpoint. 

 

The sun protection was planned with blinds with adjustable slats, so that even with lowered 
blinds daylight is part of the illumination. The shading is automatically controlled by sensors on 
the outer wall, but can also be controlled by the user individually via the app. 

 

Figure 26: User app. 
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Figure 27: Concepts for individual light scenes. 

 

Figure 28: Light scenes Atrium: plan and implementation. 
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2.2.5 Integrated lighting control and building automation 

The comprehensive technical systems were planned in dependence on each other. All 
component groups are networked with each other. An operating system controls and regulates 
the functions of the building based on the available information. In order to operate the building 
energy-efficiently and at the same time comfortably at all times, it is necessary to implement 
dynamic operating strategies with the help of building automation. 

The installation of the technical equipment is mostly done in a raised floor. From here, the 
introduction of the supply air into the room and removal of the exhaust air from the room takes 
place. This arrangement is unlike to schoolbook knowledge and was therefore simulated first 
by a heating, ventilation and air conditioning supplier. 

Decisive for the successful operation of the intelligent building is certainly the use of a software-
based technical building management. In order to balance the daylight and artificial light as 
efficiently and ergonomically as possible, a dynamic light management of sun protection and 
lighting is required. Basically, all application functions are automated as required. Most rooms 
do not feature conventional switches. Nevertheless, high value was set on providing the user 
with individual influence options.  

The operation of the building is mainly via the PC or cell-phone app, with which employees 
can influence the air, temperature and light quality. With just a few clicks, you can customize 
your workplace to suit your needs. On the one hand, this involves the central display of the 
operating states and operation of the building's technical systems, and on the other hand the 
recording and continuous evaluation of the operating data in order to maintain and optimize 
the building performance. 

 

Figure 29: Building automation and user interface. 

 

2.2.6 Evaluation 

A comprehensive monitoring and evaluation of the DIAL building is done within Subtask D ñLab 

and field study performance trackingò of this IEA SHC Task 61 / EBC Annex 77 ñIntegrated 

solutions for daylight and electric lightingò. The results will be published in the report of this 

Subtask and will be available on http://task61.iea-shc.org/. 

  

http://task61.iea-shc.org/
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 CABR NZEB Office Building  

by Luo Tao, CABR, China 

 

The China Academy of Building Research Near Zero Energy Office Building is located in 

No.30, BeiSanHuanDong Road, Chaoyang district of Beijing. The building was officially put 

into use in 2014, and the certification target is 3-star level green building and LEED-NC 

platinum.  

 

Figure 30: CABR NZEB in Beijing, China. 

 

According to the principles ñpassive priority, active optimization, economical and practicalò, this 

office building integrates advanced building technology, evaluating with actual data, as a 

demonstration for the development of ultra-low-energy buildings in China. This project is 

located at east longitude 116Á20ô, north latitude 39Á56ô, in Beijing. 

 

Figure 31: Location of CABR NZEB in the eastern part of China.  
Map data ©2019 Google, SK telecom 
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2.3.1 Geometric and use description  

This 4-storey office building, with a total area of 3,692 square meters, is mainly used for office 

and conference occupation, and hosts about 160 staff. 

The plans of each floor are shown as below: 

 

Figure 32: Floor plan of the building. 

2.3.2 Surroundings 

The north and northeast side of the office building is the high-rise office building of CABR, and 
the south side is the office building of institute of building fire research. 

The first and second floors of the office building are significantly sheltered, and the third and 
fourth floors have good views and daylighting. 

 

Figure 33: Surroundings of the CABR building. 
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2.3.3 Daylighting solution 

Compared to traditional roller shades, the embedded horizontal blinds have a better 
adjustment performance, which can make indoor illuminance more uniform and make full use 
of daylight while avoiding glare, as shown in the following figure: 

  

Indoor illuminance distribution without blinds  Indoor illuminance distribution with embedded blinds 

Figure 34: Fenestration optimization 

The conference room on the fourth floor of CABR demonstration building adopts an adjustable 
light pipe lighting system to ensure light and avoid excessive heat entering the room. 

 

 

Figure 35: Tubular daylighting system 

2.3.4 Electric lighting solution 

A total of 655 sets of high-efficiency energy-saving luminaires and 167 sensors of illuminance, 
infrared, mobile and so on are used in this project. The luminaires used in this demonstration 
building are all from Philips. Office general lighting adopts fluorescent grille with T5 fluorescent 
lamps and LEDs (for comparative analysis), in addition, corridors and public spaces adopt LED 
downlights. Detailed information is shown in Table 1. 

Room 407 on the fourth floor adopts POE power supply technology with 8 sets of luminaires, 

which can realize centralized control and single luminaire control mode with a mobile phone 

app.  
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We carried out the optimization of the lighting design on the basis of choosing high-efficient 

luminaires, and under the premise of meeting the lighting requirements, the lighting installation 

power is reduced to achieve lighting energy saving. Below is the illuminance distribution of 

typical rooms. 

 

Table 1: List of the luminaires 

No. luminaire type luminaire specification installation application area 

1 
Embedded fluorescent 

grating lamp 
TBS737 2XEco TL5-25W HFE ETO Embedded Office  

2 

Embedded fluorescent 

grating lamp (light 

sensor) 

TBS737 2XEco TL5-25W HFR 1-

10V ETO 
Embedded Office by the window 

3 
Embedded LED 

luminaire 

PowerBalance RC600B 

LED41S/840 W30L120 PSD 
Embedded Office, conference 

4 
Embedded LED 

luminaire (light sensor) 

PowerBalance RC600B 

LED41S/840 W30L120 PSD + ACL 
Embedded Office by the window 

5 
Embedded LED 

luminaire 

SmartPanel RC160V LED34S/ 840 

PSD W30L120 
Embedded Reception room 

6 
Embedded LED 

luminaire 

GreenPerform Troffer RC100C 

LED35S/840 PSD W30L120 
Embedded monitor room 

7 
Embedded LED 

downlight 

LuxSpace BBS489 1000lm 4000K 

PSD-DALI 
Embedded conference 

8 
Embedded LED 

downlight 

GreenSpace DN181B 1000lm 

4000K 
Embedded Corridor, toilet 

9 
Embedded LED 

downlight 

GreenSpace DN182B 1500lm 

4000K 
Embedded Main entrance hall 

10 LED ceiling light Hengjie LED ceiling lamp 
Surface 

mounted 
staircase 

11 LED batten luminaire 
GreenPerform Batten BN208C 

LED40/NW L1200 FR 

Surface 

mounted 

air-conditioning control 

room, storeroom 
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Conference room on the fourth floor Reception room on the second floor 

  

Open-plan office on the second floor  Private office 

Figure 36: Calculation results for artificial lighting. 
The lighting effect is shown in following figures: 

 

100% output  

 

50% dimming 

 

Figure 37: Lighting environment of the private office (LED.  
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Figure 38: Lighting environment of the open-plan office (LED). 

 

 

Mode 1 

 

Mode2 

 

Mode 3 

 

Mode 4 
 

Figure 39: Lighting environment of the video conference room (LED). 
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2.3.5 Integrated lighting control and building automation 

The lighting control system adopts the intelligent lighting control system provided by Philips 

and Lutron, human body induction, dimming and other control methods. Luminaires near 

windows can adjust the light output according to the daylight and areas such as conference 

room, office and corridor are equipped with human body induction probes so as to 

automatically turn off lights when people are absent. A variety of lighting modes are set up in 

the conference room to reduce lighting energy consumption. 

2.3.6 Evaluation 

A comprehensive monitoring and evaluation of the CABR building is done within Subtask D 

ñLab and field study performance trackingò of this IEA SHC Task 61 / EBC Annex 77 ñIntegrated 

solutions for daylight and electric lightingò. The results will be published in the report of this 

Subtask and will be available on http://task61.iea-shc.org/. 

 

  

http://task61.iea-shc.org/
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3 Evaluation of Design Workflows 

 

The example design projects in chapter 2 are used as basis for the qualitative description of 
different approaches for design workflows in the planning of an integrated electric lighting and 
daylighting solution. This analysis should sharpen the understanding of the single steps in the 
design process, present the utilized tools, and highlight the areas where software still provides 
unsatisfactory support. 

 

 General System Design ï Workflow at DIAL 

by Daniel Witzel, DIAL, Germany 

 

All building functions (user interface / automatisms) of the software-controlled, intelligent 
building were first determined on the basis of a structured demand and project analysis and 
embedded in an overall technical concept as General System Design. 

This defines the basics of the whole planning, from which planning objectives for the object 
planning and all required specialist planning including simulations were derived and realized 
as part of an integral planning process. What is meant by specialist planning in building 
construction can be read very well from the fee structure for architects and engineers (HOAI).   

In addition to the object planning by the architect (HOAI 3-1), the actual technical planning is 
divided into structural design (HOAI 4-1) and technical planning of technical equipment (HOAI 
4-2). This is divided into the specialist planning of eight relevant facility groups: 

1. sewage, water and gas facility 

2. heating systems 

3. air conditioning systems 

4. power installations and lighting 

5. telecommunication and information technology systems 

6. transportation  

7. use-specific equipment 

8. building automation 

The technical planning of the partial air conditioning via the ventilation system in the context of 
point 2 and 3 was evaluated by means of thermal simulations and flow simulations. In addition 
to the electrical planning in the context of point 4 and 5 the lighting design and planning of the 
building automation (BA) were carried out in-house. In order to ensure the meaningful 
interlocking of the component groups in the planning the technical planning building 
automation had a priority role. 
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Figure 40: component planning of the building automation 

A planning of intelligent functions or automatic processes in the context of building automation 
involves several storylines, which have been successively concretized and updated. On top to 
conventional installation plans this included a specification sheet in which all central 
requirements for building automation were described. 

By means of suitable automation schemes, all technical systems were allocated to the data 
points necessary for the automation. Based on this automation schemas building automation 
function lists were created. They describe the required functions of the data points according 
to the specification sheet. Normally the technical systems go through typical sequences of 
states that have been described via program flow diagrams. 

 

Problems and Challenges in the Planning Process at DIAL GmbH Building Lüdenscheid 

Even today, it is not common practice for all those involved in the project to carry out 
simulations at a very early stage. In individual cases, the specialist planners must be 
persuaded that a simulation does not automatically lead to higher overhead and that planning 
errors found early reduce follow-up costs. 

As with many planning processes, problems in planning and execution, even in the holistic 
planning approach, are due to missing or poor communication. Lack of collusion or missing 
hints lead to wrong assumptions and thus to wrong specifications for the simulations, which 
should be avoided. As with conventional planning approaches, where the design specifications 
do not conform to the rules of engineering, the same problems occur in the early simulation. 
In fact, the early simulations lead to an apparent planning certainty, which is no longer 
questioned in individual cases. 

Modern Building Automation and Control Systems (BACS) offer the possibility to adjust the 
control and control algorithms afterwards. 

Building automation allows and requires updates adapted to the real world, as we already know 
from software products for decades. However, they are no excuse for avoidable planning 
errors and in turn cause time and expense. 
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 Design in day-by-day work ï the DIAL Heavy User 

by Daniel Witzel, DIAL, Germany 

 

The planning of holistic building concepts is unfortunately not common in everyday planning. 
In many cases the planner has only a few hours or less to record the requirements, to do the 
exemplary planning, and create the presentation in quotation form. The reason for this is a lack 
of specialist knowledge, lack of understanding about integrated system solutions or simply cost 
pressure. 

In many cases offices, warehouses, but also shops are planned according to normative 
minimum specifications. 

 

Figure 41: The "Heavy User" selects one or a few typical spaces for design. 

 

A typical use case for this type of planning is a sales representative talking to a potential 
customer. The geometry of one or of a few exemplary spaces is roughly captured and e.g. 
passed by telephone to a lighting designer. 

The task of the lighting designer is to find and place suitable luminaires to fulfil normative 
requirements for illuminance and uniformity in the given areas. Alternatively, the sales 
employee himself may be the lighting designer and uses his notes for a lighting design. 

The customer of the lighting designer usually wants to know how many luminaires have to be 
used and what the expected investment and operating costs are. Very often different lighting 
variants are calculated, compared and presented to the customer for selection. 

 

Main issues / open questions 

This type of planning is usually not charged separately and is a free service. Unfortunately, 
energy saving potentials through effective control systems and holistic consideration remain 
unused, although they play an important role in the estimation of operating costs. 

Since most of the currently planned projects are created under these conditions, these 
planners were named "heavy user" by DIAL. New design processes, standardization and tools 
must meet this requirement in the future. 
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 Lighting design workflow at Bartenbach 

by David Geisler-Moroder, Bartenbach, Austria  

 

Bartenbach has more than 90 employees in the divisions lighting design, lighting solutions, 
research and development, and lighting academy. We serve our clients in the fields of  

- daylighting design,  
- artificial lighting design,  
- research and development,  
- model construction and visualization,  
- material consultation, and  
- full service ï lighting solutions. 

 

This broad structure and the knowledge of the dedicated experts allows us to select a ñhigh-
performance teamò based on every single projectôs needs. The following figure shows an 
exemplary selection of projects and the respective required competences. 

 

Figure 42: Bartenbach competences are selected specifically for every project. 

 

The general lighting design workflow structure at Bartenbach is closely connected to the 
established work phases defined in the HOAI ï Fee Structure for Architects and Engineers1: 

- Basic evaluation 
- Schematic design 
- Preliminary design 
- Approval planning 
- Detailed design 
- Preparation of contracting 
- Assistance in contracting 
- Site supervision and documentation 
- Project support 

 

 

 
1 Honorarordnung für Architekten und Ingenieure, https://www.hoai.de/  

https://www.hoai.de/
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Basic evaluation 

In a first step the project requirements are prepared and analyzed. This contains an inspection 
of the existing plans, the intended use of the spaces, the standards and regulations to be 
applied and the overall building and surroundings context. Beyond that, in the Bartenbach 
design work the perception psychology component is considered from the very beginning to 
satisfy the usersô visual and non-visual lighting demands. For a first daylighting impression, a 
shading and climate analysis is also performed in this phase. Additionally, wishes by the 
architects or building owners are collected. 

In this phase CAD software is used for checking the available plans to receive an impression 
of the project. A shading analysis to evaluate the basic needs for sun shading systems and a 
perception-based analysis according to our model of stable perception are done with in-house 
Bartenbach tools. 

Schematic design  

First specifications for the integrated daylight and electric lighting solution are defined. Starting 
from the room layout, different lighting concepts are evaluated and compared. The Bartenbach 
idea is to work backwards from the desired room appearance towards the technical solutions 
that provide the favored effects. From that, possible luminaire positionings are checked 
according to distribution characteristics, glare risk, shadowing, etc., and photometrical 
requirements are assessed. A dimensioning (target area, electric light characteristics, flux and 
number of luminaires, positioning, average transmission and general functionality of daylight 
systems) is performed. First control concepts including temporal and intensity patterns for 
integrated artificial lighting and daylight are elaborated.  Finally, the different investigated 
concepts are then presented to the architect or building owner for a decision. 

The evaluation of the technical concepts and dimensioning as well as perception psychology 
assessments are done with simplified in-house Bartenbach tools in Excel and the resulting 
concepts are presented with graphics tools (see image below for the example design space).  

 

 

Figure 43: Schematic design of light distributions  
in conceptual planning. 

Preliminary design 

During the preliminary design, the chosen concept from the previous phase is further refined 
and continued into a functional planning. The requirements defined by standards and by the 
lighting designer together with the building owner and occupants are analyzed and further 
elaborated (e.g. illuminance levels, glare ratings, uniformities, human centric lighting and non-
visual lighting effects, etc.). The positions of the luminaires are defined and the 3D geometry 
of the space ï usually provided by the architects, otherwise modeled in CAD software ï is used 
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for first lighting simulations. Therefore, the required luminous intensity distributions (LIDs) for 
the luminaire positions are calculated. Possible luminaires and optics that provide the needed 
LIDs are selected or ï if not available on the market ï are specifically developed by the 
Bartenbach R&D team. In this phase also the integrated electric lighting and daylighting control 
is elaborated. 

CAD software is used for modeling or adapting the space for lighting simulations and these 
are performed with standard lighting design software DIALux or Relux and Radiance or 
Radiance-based tools (DIVA for Rhino, Honeybee). For special analysis (e.g. conservation, 
non-visual effects, é) own in-house Bartenbach tools are used. 

Approval planning and detailed design 

In this phase the systems are finally defined, and detailed specifications are elaborated. This 
contains the definition of luminous fluxes, color temperatures and color rendering classes of 
electric lighting systems, direct and diffuse transmission as well as redirection properties of 
daylighting systems and constructive details, mounting, and protection classes. This is still in 
tight collaboration with Bartenbachôs perception psychologists to guarantee the fulfillment of 
the occupantsô visual and non-visual lighting needs.  

The final concept is evaluated with standard lighting design tools such as DIALux or Relux, 
and daylighting simulations are done with Radiance or Radiance-based tools such as DIVA for 
Rhino or Honeybee. For special analysis (e.g. conservation, non-visual effects of lighting, é) 
again Bartenbach in-house software tools are used. These tools are developed in the own 
Bartenbach Research & Development department. 

Preparation and assistance for contracting 

During these phases the lighting designers are only accompanying the process. Specifications 
from the detailed design phase are provided as input and the relevant parts in tenders are 
checked and approved.  

No lighting simulation software tools are used in these steps. 

 

Table 2: Software tools used in workflow phases 

WORKFLOW PHASE USED SOFTWARE TOOLS 

Basic evaluation CAD software (AutoCAD, Rhino, Revit, é), 
own Bartenbach tools e.g. for shading 
analysis and perception (Bartenbach model 
of stable perception)  

Conceptual Planning Excel calculations, graphics tools (e.g. 
Photoshop), PowerPoint  

preliminary design CAD software (AutoCAD, Rhino, Revit, é), 
DIALux, Relux, Radiance, DIVA4Rhino, 
Ladybug&Honeybee, DALEC, own 
Bartenbach tools 

Approval planning and  
Detailed design 

DIALux, Relux, Radiance, DIVA4Rhino, 
Ladybug&Honeybee, DALEC, own 
Bartenbach tools 

Preparation and  
Assistance for Contracting 

Word, Dynamics NAV 
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Main issues / open questions 

A main challenge for the lighting design workflow is the vast variety of different project and 
application types Bartenbach is facing in its daily design business. As an example, working on 
a hotel lobby or bar lighting project requires substantially different approaches than designing 
a lighting solution for an overall airport. This is also reflected in the selection of appropriate 
simulation tools for the single projectôs requirements. Starting from a 2D plan in a small 
renovation project or from a comprehensive BIM model for a new skyscraper calls for different 
lighting simulation tools to evaluate the designed lighting solution. This is also the reason why 
Bartenbach has always been developing its own specialized tools for various lighting 
simulation and evaluation tasks. The gap of available software tools to cover all needs for the 
simulation of integrated daylighting, electric lighting and lighting control systems is even more 
prevalent. 

A second issue especially for the integration of daylight and electric lighting is tightly linked to 
the general breakup of the planning process between the different trades involved in the 
design. The daylight design is closely connected to the façade and thus the structural 
engineering, while the electric lighting design is linked to the electrical planning and interior 
design. As these trades are mainly acting at different phases of the planning process, it 
remains a challenge to be involved with the integrated lighting design at the right time. In the 
integrated design of daylight and electric lighting, Bartenbach always considers also the link to 
building physics. Both, electric lighting, but even more the daylighting design significantly 
influences the energy performance of the building.  
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 ISO 16817: Design Process for the Visual Environment 

by Fabian Jarrin and Yasuko Koga, Kyushu University, Japan 

 

ISO 16817:2017 "Building environment design ï Indoor environment ï Design process for the 
visual environment" provides an integrated design process for achieving a high-quality indoor 
visual environment in the design process for buildings, under the umbrella of ISO 16813:2006 
"Building environment design ï Indoor environment ï General principles". ISO 16813:2006 
provides general principles of building environment design and a standard flow of the design 
process. Both standards are applicable to building environment design for new buildings and 
the retrofit of existing buildings. ISO 16817:2017 focuses on guiding the design team towards 
achieving a high-quality visual environment and implementing nine general principles of 
sustainability (NGPS) in buildings, as described in ISO 15392:2008 "Sustainability in building 
construction ï General principles". The NGPS are as follows: 

- continual improvement; 
- equity; 
- global thinking; 
- holistic approach; 
- involvement of interested parties; 
- long-term consideration; 
- precaution and risk; 
- responsibility; 
- transparency. 

It is important to understand that the visual environment is an element of the building 
environment. The good environment in buildings is achieved by a holistic design approach 
covering different environmental elements such as heat, light and sound, environmental 
systems such as cooling, heating and lighting, environmental control systems, and the energy 
efficiency, in a manner integrated with building design. ISO/TC205 "Building Environment 
Design", an ISO technical committee, has been developing standards for acceptable indoor 
environment and practicable energy conservation and efficiency. Building environment design 
involves not only architectural building design for achieving the required environmental quality 
but also environmental system design associated with effective controls. ISO/TC205 covers 
building environment design addressing building systems such as building automation and 
control systems, related architectural aspects, design processes and methods, design 
outcomes, and design-phase building commissioning. The indoor environment includes air 
quality and moisture, and thermal, visual and acoustic factors. 

ISO 16813:2006 defines the design process as "course of actions performed to produce a set 
of design drawings and specifications describing the functions for which a building has the 
potential to provide". During the course, iterations of decisions and evaluations of the design 
outcomes happen. Any changes in the building environment design are required to be 
analyzed until the final design stage is accomplished. The design process for the visual 
environment follows it. Designing the indoor visual environment has architectural and 
engineering aspects of daylighting and electric lighting. The goal is to obtain user satisfaction, 
health, well-being and productivity as well as the energy performance and sustainability of 
buildings. 

 

Design team defined by ISO 16817:2017 

On multiple occasions, ISO 16817:2017 mentions the idea of developing the visual 
environment following an integrated architectural approach, i.e. it should address the critical 
interactions among the building envelope (which transfers heat, light, sound and so on), the 
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building interior and all light sources such as daylight and electric light. In the integrated 
multidisciplinary approach to building environment design, each member of the design team is 
required to facilitate sharing of information and integrated working. 

The structure of the design team depends on the scale and complexity of the project. Larger 
projects tend to require larger design teams. However, it should typically consist of an architect 
surrounded by a team with abilities in electrical engineering, illuminating engineering, HVAC 
systems, landscape design, structural engineering and construction management. 

 

Implementation of an iterative design process 

One of the first and more important contributions of this design process is the introduction of 
the concept of an ñiterative design processò which was hinted in the introductory statement 
while describing this workflow as a systemic, iterative and progressive approach. The iterative 
process can be defined as a ñprocess for calculating a desired result by means of a repeated 
cycle of operations [é] it should come closer to the desired result as the number of iterations 
increasesò2.  

It is important to highlight this point because implementing programming terms has implications 
for subsequent development of tasks listed in this design process (ISO 16817:2017). Terms 
such as information, results and evaluation are replaced by its ñprogrammingò counterparts 
INPUT, OUTPUT and ITERATION, chosen to reflect the advancement on each stage of this 
design process. 

It could be questioned that the contribution brought by the concept of the iterative design 
process is nonexistent and nothing but a change of words to conform to the CAD (computer-
aided design) trend, because the development of a project is always an exercise of going back 
and forward in the design process until achieving the desired result. While this may seem the 
case, advantages of the iterative design process are seen on how to structure the cycle of 
iterations (evaluations) so that they can be positioned on strategic points that will serve as 
thresholds to prevent the design team from having to revert to an early stage of the project 
because of forgotten INPUT (information). 

This doesnôt mean that all errors are eliminated, as there is no foolproof method, but following 
the workflow provided by ISO 16817:2017 will definitely help the practitioner to reduce the 
chances of facing a critical error that could have been prevented at early stages. To further 
illustrate this concept, the following image is an example of how this iteration or cycle of 
operations occurs (Figure 44). 

 

 

 
2 ITERATIVE PROCESS. Available at: http://pespmc1.vub.ac.be/ASC/ITERAT_PROCE.html. 
(Accessed: 9th October 2018) 

http://pespmc1.vub.ac.be/ASC/ITERAT_PROCE.html
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Figure 44. An example of the iterative design process. 

 

Four stages of the design process 

Building design is carried out in a stepwise manner. In general, the design process is roughly 
divided into four stages. ISO 16813:2006 defines the stages of the process for designing the 
building environment accordingly. Therefore, by following it, ISO 16817:2017 provides what 
the design team should consider and implement at each stage for achieving the required visual 
environment and ensuring that the output of one stage serves as the input of the next. The four 
stages of the design process are as follows: 

 

 

Figure 45. Four stages of the design process for the visual environment,  
according to the ISO 16817:2017. 

 

Implementation of the design process and its four stages as well as the placement of where 
each iteration (evaluation) should occur are illustrated by means of an ñiteration flowchartò in 
ISO 16813:2006 and can be found in ISO 16817:2017 as an annex. Fragments of this 
flowchart, representing each of the four stages, will be used to complement the description of 
each stage, none the less, up next you can see a complete version of the flowchart. It can be 
used as a reference to contextualize each of the following sections. This flowchart plays a key 
role in helping to familiarize the design team with tasks provided in the standard. 
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Figure 46. Iteration flowchart summarizing the design process for  

the building environment including the visual environment.  

(ISO 16813:2006 Building environment design ï Indoor environment ï General principles) 
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Stage I. Formulation of project definition or programming phase 

As in every other design workflow, the first phase of this design process is directed towards 

collecting all the relevant data or information that will assist in designing a high performance 

and high-quality visual environment. Such a visual environment complies with sustainability 

policies, ensures the safety of users and is structured under the constrains of the law.  

This stage is divided in the following sections: 

- Project Definition (Requirements) 
- Existing Conditions 
- Requirements 
- Assumptions 
- Philosophy, ethics and theories 
- Output ð Document I 
- Evaluation I 
- Output ð Approval of document I  
- Iteration 

These components can be visualized in the following diagram, a fragment showing stage I, 

extracted from the iterative flowchart (Figure 46). 

 

 

Figure 47. Fragment of the flowchart representing "Stage I"  
of the design process for the visual environment. 

 

ISO 16817:2017 recommends an integrated architectural approach when designing the visual 

environment. The integrated approach addresses critical interactions among the building 

envelope (which transfers heat, light, sound and so on), the building interior and all light 

sources such as daylight and electric light. 

The input for this phase is carefully detailed and divided into existing conditions, constraints, 

requirements, assumptions, philosophy, ethics and theories. To aid us in establishing a project 

definition, this standard provides a set of tables, checklist and even surveys to ensure that all 

relevant information is carefully reviewed.  
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The output from this first iteration of the design process is referred to as ñDocument Iò, and 

contains the explicit description of the project definition, i.e. requirements, assumptions and 

constraints. It can be an oral presentation of the facts defined by the design team or a brief 

report including programmatic and very preliminary criteria statements. It is then evaluated to 

receive feedback from the design team in order to assess interactions between the responses 

to the constraints and the requirements of all aspects of the design. After this set of evaluations, 

the document will be approved, and we can progress to the next phase of the design process. 

 

Stage II. Schematic design 

Upon the completion of the programming phase (Stage I), the design team is prepared to 

undertake schematic design: developing preliminary ideas or schemes for the visual 

environment of the project. The input for this stage is the information redacted from document 

I, i.e. the output of the programming phase. 

This stage is divided in the following sections: 

- Input 
- Output ï Document II 
- Evaluation II 
- Output ï Approval of document II 
- Iteration from conceptual design and schematic design 
- Iteration from project definition 

These components can be visualized in the following diagram, a fragment showing stage II, 

extracted from the iterative flowchart (Figure 46). 

 

 

Figure 48. Fragment of the flowchart representing "Stage II"  
of the design process for the visual environment. 

 

At the schematic design stage, the design concept and scheme are created and proposed for 

the project. Schematic design of the visual environment typically results in an understanding 

and agreement among the team members about visual environment criteria, penetration of 

daylight, general lighting approaches, styling of luminaries and the visual relationship between 
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the inside and the outside. ISO 16817:2017 puts emphasis on the iterative process of 

designing the visual environment as well as the building at this stage. 

The output of this iteration is referred to as ñDocument IIò and contains the preliminary 

architectural and lighting plans that illustrate the scope and strategies to create a comfortable 

and energy-efficient visual environment.  

This stage is not tasked with specifics as its schemes will still have to be submitted for client 

review. Once approved by both the client and the design team, the project can advance to the 

detailed design stage. 

 

Stage III. Detailed design 

Stage III is the main phase of the visual environment design process and is where a detailed 

design is performed. According to ISO 16817:2017, the detailed design should be expressed 

without priority design elements of the visual environment such as colors and reflectance of 

interior surfaces, types of light source and luminaire, geometric and photometric characteristics 

of daylight openings, sunlight control schemes, light reflecting and transmitting devices and 

types of control to reduce electric lighting energy. 

This stage is divided in the following sections: 

- Input - Background 
- Output ï Document IIIa 
- Analysis 
- Output ï Document IIIb 
- Evaluation III 
- Output ï Approval of documents IIIa and IIIb  
- Iteration into detail design 

These components can be visualized in the following diagram, a fragment showing stage III, 

extracted from the iterative flowchart (Figure 46). 

 

 

Figure 49. Fragment of the flowchart representing "Stage III"  

of the design process for the visual environment. 
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Detailed predictions and analyses through computer simulations and/or measurements with 

physical models should be performed during this stage. ISO 16817:2017 does not recommend 

nor mention specific software to be used because technology tends to quickly change, and 

new products would supersede existing ones accordingly. However, the standard lists 

considerations to cover both quantitative and qualitative aspects in evaluating the quality of 

the visual environment. Computer simulation programs should be capable of conducting such 

analyses. Here are some of the aspects to be analyzed:  

¶ illuminance levels on work plans, glare potential based on the luminance distributions, 

color rendering, directionality of light; 

¶ on daylighting solutions, solar shading and daylight performance; 

¶ on electric lighting, design based on control scenarios. 

A more detailed description on these analyses can be found in the ISO 16817:2017. All system 

designs shall be included in stage III. The output of this stage is divided into two documents 

referred to as ñDocument IIIaò and ñDocument IIIbò.  

Document IIIa contains the explicit description of the electric lighting and daylighting systems. 

It consists of the drawing and lighting specifications, including the relationship with the building 

design. It also includes the architectural design, daylight design, selection of light sources, 

luminaires design/selection and lighting control design. 

On the other hand, document IIIb contains drawings and is the explicit complementary 

description of the electric lighting and daylighting systems. The drawings include plans such 

as the electric lighting plan indicating the locations and luminaire types with details regarding 

mounting specifications and custom arrangements in the form of sections and elevations. 

Document IIIb also includes luminaire attributes and catalogue numbers with specifications to 

outline general requirements. 

Because stage III is considered the most important phase in the whole design process, another 

evaluation is necessary, that is, one that includes feedback from the entire team. The detail 

designs are evaluated form the specific user positions and viewpoints to minimize 

uncomfortable outcomes such as glare. In addition, energy efficiency shall not be relinquished 

and is once again analyzed. Rendered images are also a tool recommended to gain an 

understanding of the resultant visual environment and useful to gain the approval of the client 

and users.   

 

Stage IV. Final design 

It is at this stage that construction documents are generated. The final design phase is divided 

in the following sections: 

- Commissioning documents 
o Design drawings 
o Specifications 

- Commissioning plan 
- Cost estimation 
- Output ï Final document 

These components can be visualized in the following diagram, a fragment showing stage IV, 

extracted from the iterative flowchart (Figure 46).  
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Figure 50. Fragment of the flowchart representing "Stage IV"  
of the design process for the visual environment. 

 

The commissioning documents shall include the location and dimensions of daylight openings, 

the level of illuminance provided by windows and other types of daylight opening on the façade 

or roof, characteristics of glazing, the color of the surfaces, lighting design drawings containing 

lighting systems graphically expressed as architectural reflected ceiling plans, elevations, and 

sections with accurate dimensions. 

The commissioning plan is a detailed description of systemic steps to be taken to test that 

every system is working normally and to be conducted after construction but before occupancy 

to ensure quality control.  

The output from this stage is named ñFinal Documentò and brings together design drawings, 

lighting specifications, operating manuals, commissioning and maintenance documents as 

well as an estimated cost for installation and maintenance. It is then validated by the client and 

finally issued to contractors for pricing and/or bidding. 

 

End of design 

The design process for the visual environment is concluded once the four stages are covered 
and the final documents are generated. Nevertheless, one last iteration is run based on the 
four following questions: 

Á Is the stated definition adequate and feasible? 

Á Is the environmental design for quality visual environment feasible? 

Á Is the specified structure expected to satisfy the environmental, economic and social 
constraints and requirements? 

Á Is the building capable of providing the quality visual environment and performance 
required?  
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If answered positively to all of them then the project can continue towards the bidding and 
construction administration phases, where ISO 16817:2017 identifies the next steps such as: 

- bid assistance; 
- review and approval of shop drawings; 
- construction assistance and assessment of installation progress;  
- commissioning of the installed lighting systems; 
- learning from experience: capitalization; 
- user feedback and lessons from experience: 
- user behavior. 

The outcome of the whole design process is also illustrated in the iteration flowchart (Figure 

46) and can be referenced on the following image, extracted from it. 

 

 

Figure 51. Fragment of the flowchart representing "End of design" phase.  
The outcome of the design process for the visual environment. 

 

Conclusion 

The design process for the indoor visual environment according to the ISO 16817:2017 is a 

systematic approach that uses the concept and structure of an ñiterative design processò to 

conceive a workflow toward the development of a high-quality indoor visual environment 

including architectural and engineering aspects of daylighting and other lighting systems. The 

process is divided into four stages that serve as safeguards against major changes through 

the enforcement of evaluations after each output in the form of iterations to be repeated until 

achieving the desired result which will in turn be used as input for the next stage. 
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Figure 52. Four stages of the design process and the flowchart. 

 

There are several advantages in following this workflow but, for the most part, it is up to the 
ability of the design team to grasp the information on the early stages of the project and use 
this refining process, represented in every iteration, that will generate the best results and 
guide to a better understanding of the project. Finally, it is its broad approach combined with a 
detailed schematic structure, in a holistic manner, that makes it possible to use this design 
workflow, for the visual environment, to solve several degrees of complexity. It would be a 
great tool for both new professionals, looking for a guide to start their practice, and experienced 
practitioners who want to improve their methods and want to compare their practices to a 
standardized model. 

 

Main issues / open questions 

The integrated approach to designing the building environment enables multidisciplinary 
consideration and the resultant solutions for high-performance and energy-efficient buildings. 
It is especially effective in designing zero-energy buildings (ZEBs). The definition of ZEB is not 
yet agreed internationally, but it is defined, in Japan, as a building that achieves substantial 
energy efficiency by reducing loads, utilizing natural energy and improving energy-efficiency 
of the technical building systems without deteriorating the quality of indoor and outdoor 
environments, introduces on-site renewable energy, and consequently makes the balance of 
annual energy demand and supply nearly zero or makes the annual energy supply greater 
than the annual energy demand during operation of the building3. The success in realizing 
ZEBs is entirely dependent on controls of the building and the indoor environment as well as 
the design and construction. 

There are some good examples of ZEBs in Japan4. Here, we show the Taiseiôs urban ZEB 
project for their ZEB Demonstration Building. It illustrates the holistic and integrated approach 
to designing the high-performance and energy-efficient building. It has been built in the Taisei 
Technology Center in Yokohama City. A design team of architects, engineers in structural 
design and technical building systems design including lighting, HVAC systems, system 
controls and sanitation, and the technical development personnel cooperated and tackled the 
project from a very early stage of the design process. Targets in design were installing high-
efficient building equipment and achieving comfortable and attractive workplaces having the 

 
3 Recommendation by the Society of Heatng, Air-Conditioning and Sanitary Engineers of Japan, 2017.   

4 ZEB in Japan ï Net Zero Energy Building Advanced Case Collection, Society of Heatng, Air-Conditioning and 

Sanitary Engineers of Japan (SHASE) 100th Anniversary, 2017.  
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high energy performance. They have introduced a façade design that optimally utilizes natural 
energy through photovoltaic walls, a daylighting system with a specially-designed light guide, 
and a radiant air-conditioning system combined with a reverse-beam structure and a flat 
concrete slab (Figure 53 to Figure 55). Post occupancy evaluations for consecutive three years 
proved that the annual energy balance is zero. 

 

 

Figure 53: Photovoltaic façade system of Taisei ZEB Demonstration Building. 
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Figure 54: Integration of architectural, structural and environmental design with building system design. 

    

Figure 55: Integrated lighting system of Taisei ZEB Demonstration Building. 

Daylighting system 
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The ISO 16817:2017 is a standard on a framework of the integrated design process and 
provides considerations for the indoor visual environment at each stage of the design process. 
It does not provide design parameters nor criteria to realize the general principles of 
sustainability in buildings. Iterative design repeats concurrent planning, developing, testing, 
and evaluating activities. It is crucial to consider all possible options, but reworking and the 
iteration cycles should be as little as possible in practice due to time and cost constraints. In 
order to facilitate iterative design, it is important to establish an appropriate evaluation system 
including evaluation indices and the target values at each design stage. 

Computational simulations are indispensable to analyze the visual environment. The ISO 
16817:2017, in the subclause about the detail design process, emphasizes the importance of 
qualitative and quantitative analysis to validate the decisions of the design team. The vast 
majority of these analyses are performed through computational simulations. However, the 
ISO 16817:2017 does not recommend any specific software. It is understandable considering 
the nature of any international standard regarding commercial software, but a lack of 
information might confuse a design team trying to cope with analyses mentioned in the 
standard such as luminance distributions, daylight performances and glare evaluations, and 
they might end up discouraging from in-depth analyses. With that in mind, the software DIALux 
and Radiance can be recommended not only because of their potential to generate most, if 
not all, of the simulations required, but also because of their easy accessibility and 
convenience. 

Since the ISO 16817:2017 is intended only for designing the indoor visual environment, it has 
inevitably its limitations in terms of a holistic approach to energy-efficient building design. The 
holistic approach implies that all types of building-related energy use (heating, cooling, lighting, 
air conditioning, ventilation and hot water) as well as indoor climate requirements should be 
considered altogether5.This is a relevant issue not only because of our responsibility to ensure 
a more responsible and sustainable future but also because of existing legislation such as the 
ñEnergy Performance of Building Directiveò (EPBD) launched in 2010 for the European Union 
that mandates that ñmember states shall ensure that new buildings occupied and owned by 
public authorities are NZEBs after December 31, 2018 and that all new buildings are NZEBs 
by December 31, 2020ò6, which clearly shows a trend that should be encouraged. 

 

 

Figure 56: Timeline for NZEBs implementation according to the EPBD recast. Obtained from the 
Synthesis Report on the National Plans for Nearly Zero Energy Buildings (NZEBs) 

Progress of Member States towards NZEBs (2016). 

 

The Government of Japan has also set goals in the 5th Strategic Energy Plan that newly 
constructed public buildings are ZEBs by 2020 and that newly constructed public and private 

 
5 Available at: https://epb.center/epb/holistic-approach (Accessed: 10 March 2019). 
6 Agostino, D. D. Synthesis Report on the National Plans for Nearly Zero Energy Buildings ( NZEBs ) Progress of 

Member States towards NZEBs (2016). doi:10.2790/659611 
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buildings are ZEBs on average by 20307. However, the know-how to realize ZEBs prevails 
insufficiently yet. Therefore, ZEB design guidelines and spreadsheet programs for energy 
calculation are released for practitioners, and booklets to promote ZEBs are published for 
building owners8. The ZEB design guidelines and spreadsheet programs are prepared 
individually for small- and middle-scale offices, nursery and welfare homes, supermarkets and 
DIY stores, and hospitals.  

There is still room for further revision in the ISO 16817:2017. Commissioning is an issue. 
Building commissioning is a series of activities that ensure the building and the technical 
building systems are functioning in accordance with the design requirements and parameters 
throughout the building lifetime. It starts with identifying owners project requirements at the 
pre-design stage and includes post occupancy evaluations. Even if the design is optimal, the 
actual environmental performance is dependent on construction. It is indisputable that long-
term consideration is essential in building design and that the actual energy performance of a 
building depends on a manner of operating and managing the building. 

 

  

 
7 METI, The 5th Strategic Energy Plan, July 2018, Available at: 

http://www.meti.go.jp/english/press/2018/0703_002.html (Accessed: 10 March 2019). 
8 Sustainable Open Innovation Initiative, Japanese documents only, Available at: 

https://sii.or.jp/zeb/guideline/comment/verify_complete/FA2NMWku7e (Accessed: 10 March 2019). 
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 Design workflow as Inform Design 

by Marios Liaros and Harris Poirazis, Inform Design, Sweden 

 

Inform Design is working with daylight issues from conceptual to more detailed stages. As the 
company plays a clearly supporting role to architectural practices, providing the necessary 
engineering background to inform their design is essential. The projects may vary significantly 
but a basic axis between building physics, indoor climate and daylight benefits is often used to 
improve the building quality. Therefore, in our methods dynamic thermal modelling and daylight 
assessments are closely linked. 

Inform Design project role 

As our support to the clients is rather broad, our involvement often starts from early design 
stages. Therefore, it is within our scope to drive design solutions rather than to assess the 
performance of given facades in order to improve the daylight quality and availability in real life 
practice. The consistency in our methods from conceptual to detailed design is essential to 
ensure the accuracy of our results. In most cases a fee can be set from an early phase that 
allows us to often work with rather sophisticated tools (at least more sophisticated than what 
is currently used as common practice in Sweden). One more parameter that differentiates 
Inform Design from other practices in Sweden is the freedom to suggest ideas that alter the 
design concept (up to a certain degree). This leads us to a more design-related rather than 
performance-assessment role. 

Common practice in Sweden 

Commonly the daylight consultant practices in Sweden work with building certifications and 
assessing the buildingôs daylight performance. The building certification program most often 
used in Sweden is called Miljöbyggnad, developed by the Swedish Green Building Council. 
Regarding daylight it only monitors the Daylight Factor in one point in each occupied space. 
The approach is rather simplified and cannot always give a comprehensive assessment of the 
daylight conditions in the examined spaces. Nevertheless, because of its simplicity the 
outcome is broader and more practices, less specialized in daylight, can carry out the 
necessary assessment. 

Basic evaluation 

The first discussion with the client is usually done over the vision that they have for their 
building using draft plans and hand-drawn sketches. The main scope at this stage is to 
understand the needs and provide them with a technical background in which they can qualify 
and quantify the performance of the discussed design ideas. Brainstorming on possible 
solutions and different alternatives is communicated together with schematic diagrams of the 
actions needed to be taken. At this stage, basic information is mainly used (location of the 
project and surroundings). Clarifying the set performance requirements at this early stage is 
essential for a successful communication to meet the agreed upon targets; this has a great 
impact of the methods to be selected and used. 

Conceptual planning 

After these early discussions, we break down and rebuild the concept with the architect and 
define and structure the methodology according to the particular needs of each project/case. 
Detailed examination of the material provided by the design team (plans, information on the 
materials, use of spaces and limitations) along with further examination of necessary 
information (weather files, applicable standards and regulations) are carried out to set the 
framework of our work (potentials and limitations). For the reason previously mentioned, Rhino 
and Grasshopper are used to a great extend together with Excel at this early stage. 
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Ladybug/Honeybee are also utilized for the preliminary analysis mainly focused on the impact 
of the weather. 

It is essential that at this early stage we establish a solid link between our dynamic thermal 
modelling and daylight methods to ensure that all the requested input for the daylight analysis 
can be outputted.  

Preliminary design/analysis 

We analyze the base-case scenario using the indices we previously selected. Through a 
parametric study, we assess the potential for improvement of different design alternatives. The 
workflow usually includes adjustments to the working models using the same tools as in the 
previous stage (Rhino and Grasshopper). The daylight analysis is mostly carried out using 
Ladybug/Honeybee and to a lesser extend natively in Radiance. In this stage, we refine the 
parameters of the analysis to a point that will reflect the sensibility of the improvement 
potentials and properly inform the design (drive the design towards the right direction). 

This part of the process is critical to our added project value and absolutely necessary. It is 
very often that this process feeds us with a large amount of data that we need to filter or post 
process before deriving clear conclusions. The most common scenario involves processing in 
Excel or specialized software tools (based on each case) ï in order to extract the required 
information tailored each time to the specific needs of the project. 

Final design 

After communication with the client (most often architects), decisions are taken, including any 
possible changes or updates. The design is adjusted accordingly, and the final analysis is 
carried out to quantify the benefit of the final option ï same process as before with more 
elaborate and focused output.  

 

Main issues / open questions 

The main issues concerning our workflows in Ladybug/Honeybee relate to: 

1. The flexibility in changing the different geometrical states of the shading devices for 
both setting the scenarios to be simulated and analyzing the results (e.g. adjusting slat 
angles for venetian blinds). 

2. The accuracy of calculations regarding the impact of (advanced) glazing and shading 
façade elements (e.g. screens with different openness factors and selective glazing) to 
indoor daylight and solar performance. 
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 The role of the simulation engine Fener in the design workflow 
of façade systems 

by Bruno Bueno, Fraunhofer ISE, Germany 

 

The Fener tool can be used in the conceptual planning of façade systems. It is especially useful 
to compare the performance of alternative façade systems and to design a control strategy for 
them. In the following sections, the steps required to select a fenestration system and a control 
strategy with the assistance of the Fener tool are described. 

 

a) Selection of representative rooms in the building 
The façade system responds to the specific use, dimensions, orientation and location of a 
room. Therefore, the design of a façade system must be carried out first at room level. 
Once the façade solutions for the individual rooms are analyzed, a harmonized solution at 
building level can be determined, which must then be re-tested at room level.  
 

b) Analysis of each room from the point of view of façade functions 
The building facade provides the aesthetic signature of a building, but it also provides 
important functions, such as visual contact with the outside, daylight provision, glare 
protection and solar gain management, which make the building usable and energy 
efficient. These functions often oppose each other, so the selection and design of facade 
systems and their control for a certain building application should depend on those 
functions that the designer wants to promote to the detriment of the other functions.  
 

c) Selection of design alternatives for the fenestration system 
Weighting the different façade functions for each studied room is followed by a pre-
selection of suitable façade systems. Considerations such as exterior, in-between glazing 
or interior, fixed or retractable shading devices, and the type of shading device (e.g. roller 
shutters, roller blinds or venetian blinds) must be taken at this stage. 
 

d) Selection of evaluation criteria 
In order to compare design alternatives, the different façade functions must be quantified 
with metrics. Metrics can refer to component features, such as the normal-normal 
transmittance, normal-hemispherical transmittance, U-value and g-value, or to the dynamic 
performance of the fenestration system for a given building application. Table 3 
summarizes the set of metrics supported by the Fener tool. 
 

e) Characterization of fenestration systems 
The calculation of some of the metrics reported in the previous section requires information 
about the optical and thermal properties of fenestration systems. In the case of Fener, the 
U-value, BSDF and DSHGC of the whole façade system (glazing unit combined with 
shading device) are required as input parameters. These parameters can be directly 
measured with a solar calorimeter [1] and with a photogoniometer equipped with suitable 
detectors [2], combined or not with ray-tracing techniques.  
 

f) Definition of control strategies 
Movable shading devices or switchable elements are necessary in order to dynamically 
balance the different façade functions, which are of varying relevance, depending on the 
time of the day and season. This implies the consideration of a control strategy. Innovative 
control strategies may depend on thermal and daylighting variables. These can be 
measured by a set of sensors in the room or dynamically calculated by simulations [3]. The 
controlling variables and their priority must be chosen depending on the façade functions 
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to be promoted. Examples of controlling variables that can be defined in the Fener tool are 
time of the day, day of the year, indoor and outdoor air temperature, exterior solar 
irradiance on the roof/at the façade, horizontal and vertical illuminance and computed 
comfort metrics such as PMV and DGP. 
 

g) Running dynamic simulations for different design alternatives 
The different design alternatives are compared in terms of the metrics calculated by the 
Fener tool. Boundary conditions for the simulations must be specified from the information 
available at the conceptual planning phase.  
 

h) Selection of the fenestration system and control strategy 
The results of the simulation-based comparison among design alternatives can be used as 
a basis for selecting the fenestration system and control strategy. The aim here is not to 
replace expert design decisions by simulation results, but to use simulation tools to assist 
in the design process from the beginning. 

 

Table 3: Metrics supported by the Fener tool for different façade functions.  

Function Metrics supported by Fener 

Visual contact with the outside Direct-direct visual transmittance from BSDF 

Glare protection Direct-direct visual transmittance from BSDF 
Enhanced Simplified DGP [4] 
Maximum vertical illuminance or simplified DGP 

Daylight provision Diffuse-diffuse visual transmittance from BSDF 
Average workplane illuminance 
Daylight Autonomy 
Daylight Factor 
Lighting energy demand 

Thermal comfort U-value 
Effective g-value 
Predicted Mean Vote (PMV) 
Predicted Percentage Dissatisfied (PPD) 

Solar heat gain management Effective g-value 
Heating and cooling energy demand 

Privacy Direct-direct visual transmittance from BSDF 

 

Main issues / open questions 

A number of issues must be taken into account by the designer when applying this workflow. 

a) Conflict of interests 
The selection and prioritization of façade functions can pose a conflict of interest among 
the different actors of a building. The users of a building are usually concerned about visual 
and thermal comfort, while the owner of the building might be interested in prioritizing 
energy efficiency. In the case of renovation projects, interventions to the exterior façade 
often require the approval of the architect. The architect might be interested in conserving 
the original façade for aesthetics reasons compromising the ability of the retrofit solution to 
improve comfort conditions in the building. The designer must collect and understand the 
criteria of the different interest groups prior design.  
 

b) Additional design criteria 
The selection of a fenestration system and control strategy is, in most cases, not as flexible 
as the designer may want. In some cases, the designer is constrained to a certain provider, 
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which limits the choice of systems that can be selected. Additional criteria apart from those 
related with the functions of the façade have to be considered, for example: 
- cost of equipment and cost of installation, 
- quality and life duration of the equipment, 
- resilience to adverse weather conditions (e.g. wind), burglary, etc., 
- need of maintenance and post-installation services offered by the provider. 
 

c) Input data and computational resources 
The selection of evaluation criteria poses a specific problem, because some façade 
functions are easier to quantify than others. The choice of the evaluation criteria must be 
adjusted to the type of fenestration systems considered, and the characterization data and 
computational resources that are available. Sometimes, criteria at component level (e.g. 
normal-normal, normal-hemispherical transmittance) are more reliable than 
computationally complex dynamic calculations if the input information is limited and the 
numerical models inadequate.  
 

d) Characterization of fenestration systems 
The optical and thermal characterization of fenestration system is expensive and often 
unaffordable by a planning team. Therefore, design decisions have to rely on the technical 
data provided by manufacturers, which might be incomplete and/or inaccurate. A number 
of tools and models are, however, available to test and eventually expand the amount of 
characterization data provided by the manufacturer. Example of such tools are the LBNLôs 
suit of tools (Window, Optics, Therm). The Fener tool offers pre-processing routines to 
calculate the BSDF and DSHGC for fenestration systems composed of a glazing unit and 
an internal or external shading device [5]. 
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 Workflow for lighting design projects in Norconsult and 
Norway 

by Biljana Obradovic, Norconsult, Norway 

 

Norconsult is one of the largest interdisciplinary advisors in Norway, in the field of social 
planning and engineering. Through long experience they have established a solid foundation 
as a leading player both nationally and internationally. Norconsult is covered by an 
interdisciplinary team based on both technical and aesthetic subjects within lighting. With 
experience and expertise from all phases of a project, lighting designers in Norconsult can 
solve a wide range of tasks related to the field. In Norconsult, there are lighting designers and 
lighting planners with education in light design, electrical engineering, energy and environment, 
architecture and energy efficiency. 

In Norconsult, the lighting design is a process where the esthetical, functional, technical, 
conceptual, environmental economical demands and expectations are taken in consideration 
for the final result. The lighting design takes care of health, technical and aesthetical demands 
and therefore has measurable and non-measurable (but descriptive) qualities.  

Norconsult is offering design services for all or just some of the steps in the lighting design 
process, such as:  

¶ location, historical, place and buildings analysis,  

¶ conditional analysis,  

¶ design concepts and functional description,  

¶ master lighting plan,  

¶ lighting calculation, 

¶ (electrical design),  

¶ 3D visualization,  

¶ cost estimation,  

¶ calculation of annual operational cost and life cycle costs, 

¶ specification and tender documents.  

Those steps present also the design flow for an entire project. Lighting designers in Norconsult 
are dealing with many market areas as: housing, hotels, shopping centers, office buildings, 
cultural centers, hospitals and institutional buildings, educational buildings, industry (also 
offshore), sports facilities, parking places, road and streets, tunnels, bridges, stations, building 
façades and town plans. 

Lighting designers in cooperation with the architect and other relevant subjects in the project 
prepare an overall lighting concept. The most usual demand for the lighting solution is flexibility, 
which forces lighting design to stick to the plainest uniform layout. Lighting designers strive to 
overgo this demand by designing lighting in layers.  Variations in the light environment and 
light effects help to create different identities. Light design and light effects give time dimension 
to an architectural space or place. Therefore, guidelines for light control are established 
already in the concept phase. The lighting concept is described with text and illustrations and 
are forming basis for the lighting plan. A design proposal is prepared for the lighting, in which 
factors such as investment cost, energy consumption and operating costs, maintenance, 
aesthetics and experience are weighted. Luminaires and equipment are selected based on the 
task the light has to solve. The lighting designer works closely with the electric adviser to 
ensure the installation and operating quality of the solutions. The design process provides 
innovative lighting solutions that achieve the perfect balance between function and aesthetics.  
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The design of artificial functional lighting for offices is done after the guidance from the 
óôLyskultur publicationsôô9, which is Norway's leading competence network within light and 
lighting. This association was founded in 1936 and is nationwide with regional departments 
and committees, and is an accredited member of the CIE. It gathers leading players in the 
lighting industry, from lighting designers and consulting engineers, manufacturers, installers, 
importers and the sales leaders in lighting. Members of the Lyskultur (Lighting Culture) are 
active contributors in the development of national and international standards, reports and 
guidelines. Lyskultur has among many other publications prepared and published, the óôOffice 
lighting publicationôô10 which is a direct guideline for lighting designers dealing with the office 
lighting. This publication is prepared according to the current Norwegian laws and regulations 
for the design of office spaces and installations. The law hierarchy in Norway that lighting 
designers need to consider looks like this:  

- Laws, such as the Working Environment Act11;  
- followed by Regulations, for example Building Technical Regulations (TEK)12;  
- guidelines and interpretations prepared in the public administration, for example, 

guidance to technical regulations (VTEK)13;  
- Current Norwegian Standards (NS) and Lux-tables (Lyskulturôs publication 1B14 and 

1C15) as guides to the standards NS-EN 12464-116 and NS-EN 12464-217. 

The guidance for office lighting focuses on some design acts which are not so much acclaimed 
in the European standards for lighting, as:  

- importance of vertical and cylindrical lighting for good modeling in different settings;  
- or analysis for special needs for increased or reduced level of recommended lighting, 
according to the Norwegian standards for ñdesign for everyoneò (NS 11001-118, NS 
11001-219 and NS 11001-5).  

The publication is also giving advices about the lighting design treatment for the working area, 
as desk and environment. Workplace lighting should be built up in layers according to needs. 
This will create a differentiated lighting that describes the room's features more clearly than a 
steady light. Separate treatment of the lighting of the workplace, environment and background 
(vertical surfaces) results in a visual hierarchy that allows us to read and understand space in 
a better way. Recommended lighting principle is, that focus-working field, environments and 
backgrounds should be treated separately, but at the same time balanced to form a good 
entirety. A combination of local workplace lighting, direct spotlighting for background contrasts 
and a moderate ambient light provides an optimized lighting environment for comfort and 
wellbeing. 

The design of artificial indoor lighting should always be done considering the daylight features 
at the project locations. Based on Norwayôs geographical location far north, especially the 
northernmost land areas, the presence of daylight might represent a slightly more particular 
role in peopleôs life than at other places on earth. The sun height is very low for many hours, 
especially in the winter, but also during spring and autumn. Daylight on a low sky passes 

 
9 https://www.lyskultur.no/ 
10 https://www.lyskultur.no/12-kontorbelysning.5996519-342096.html 
11 https://lovdata.no/dokument/NLE/lov/2005-06-17-62  
12 https://dibk.no/byggereglene/byggteknisk-forskrift-tek17/  
13 http://radem.no/dok/dibk/VTEK.pdf  
14 https://www.lyskultur.no/1b-luxtabell-og-planleggingskriterier-for-innendoers-
belysningsanlegg.5765498-342096.html  
15 https://www.lyskultur.no/1c-luxtabell-og-planleggingskriterier-for-belysning-av-utendoers-
arbeidsplasser.5768459-342096.html  
16 https://www.standard.no/no/Nettbutikk/produktkatalogen/Produktpresentasjon/?ProductID=507703  
17 https://www.standard.no/nettbutikk/produktkatalogen/produktpresentasjon/?ProductID=687229  
18 http://www.standard.no/nettbutikk/sokeresultater/?search=NS+11001-1  
19 http://www.standard.no/nettbutikk/sokeresultater/?search=NS+11001-2 
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https://www.lyskultur.no/12-kontorbelysning.5996519-342096.html
https://lovdata.no/dokument/NLE/lov/2005-06-17-62
https://dibk.no/byggereglene/byggteknisk-forskrift-tek17/
http://radem.no/dok/dibk/VTEK.pdf
https://www.lyskultur.no/1b-luxtabell-og-planleggingskriterier-for-innendoers-belysningsanlegg.5765498-342096.html
https://www.lyskultur.no/1b-luxtabell-og-planleggingskriterier-for-innendoers-belysningsanlegg.5765498-342096.html
https://www.lyskultur.no/1c-luxtabell-og-planleggingskriterier-for-belysning-av-utendoers-arbeidsplasser.5768459-342096.html
https://www.lyskultur.no/1c-luxtabell-og-planleggingskriterier-for-belysning-av-utendoers-arbeidsplasser.5768459-342096.html
https://www.standard.no/no/Nettbutikk/produktkatalogen/Produktpresentasjon/?ProductID=507703
https://www.standard.no/nettbutikk/produktkatalogen/produktpresentasjon/?ProductID=687229
http://www.standard.no/nettbutikk/sokeresultater/?search=NS+11001-1
http://www.standard.no/nettbutikk/sokeresultater/?search=NS+11001-2
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through several atmospheric layers, which refract the light, causing sky and clouds to be lit by 
a colored light. A colored sky is a visual presentation that people associate with the presence 
of daylight. Figure 57 shows the thoughts. Spring evenings are often enhanced by a warm sky. 
During the summer, entire landscape is usually green, and this color associates the presence 
of daylight. During the winter, snow covers many parts of the land, causing daylight, even 
during the very short daytime, to be reflected and caught on the clouds as a blue light. This is 
a phenomenon called óôthe blue hourôô and it happens mostly during the twilight. 

 

   

 

Figure 57: 1. The sky in spring, 2. The sky in the summer, 3. The sky in the winter. Source Norconsult 

 

The lighting designers in Norconsult are trying to design artificial lighting in accordance to the 
daylighting variability. Depending on a building function, room type, site position (sun 
availability during the summer and winter can be quite different on the different sides of the 
object) the electric functional light can be designed to tune the color and light intention, to adopt 
to the Human Centric Lighting concept. Additionally, the electrical effect lighting can be 
designed to adopt the variations of the daylight color outside, at the particular moment during 
the day. 

The design of the artificial light according to the available daylight flux is done adjusting the 
daylight controlling systems input levels and positioning the sensors on the right places. There 
is a practice of dividing the rows of the luminaires in the lighting system to be incrementally 
dimmed. However, there is a very little common thinking about the altitude of the sun and the 
different angles it will have during the day and the year. Our experience in Norconsult is that 
there is very little cooperation between architects and lighting designers for the sunscreenôs 
solution. It often happens that architects do not specify details on this, just describe market 
available equipment, without consulting lighting designers at all. Sometimes the information 
about the sunscreenôs solution is not available to lighting designers until the final phase of the 
project. The design of the daylighting controls for the artificial lighting often goes uncoordinated 
with the design of the sunscreens. The designers in Norconsult are trying to enhance the 
importance of this issue, but we see that the problem lies very much in the disciplinary integrity, 
in not totally developed collaboration practice and culture in a national level. 

Design software that lighting designers use in Norconsult are mostly DIALux and DIALux EVO. 
For professional sports lighting, street- and tunnel lighting RELUX software is more in use. In 
the last 5 years, there have been a huge increasement of REVIT use for multidisciplinary 
projects in Norconsult, and Norway in general. The use of AutoCAD and ArchiCAD are still 
more connected to the small architectural projects.  

 






















































































































