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ABSTRACT 

The EU building sector is a main contributor to greenhouse gas emissions, which need to 

be cut as part of the global response to anthropogenic climate change. This cut can be 

realised through improvements in building energy performance, such as optimisation of 

facade design. The early stage of the architectural process has been identified as the ideal 

time to implement such sustainable design choices. There is need for simple guidelines 

and tools to provide quantitative data to support these architectural decisions. BIM and 

parametric design can provide this, by facilitating model-based analysis and simulation, 

as part of an unbroken flow of information through the design process. This study uses 

Dynamo (the visual programming add-in for Autodesk Revit) together with the Honeybee 

and Ladybug environmental plugins, to conduct daylight, solar heat gains and thermal 

losses analyses and simulations. The aim was to identify limitations and opportunities in 

using Dynamo-Revit, to establish an optimal range for glazing-to-wall ratio (GWR) and to 

provide some simple room-sizing guidelines for architects in the early stage of the design 

process. The Dynamo-Revit workflow was found to be effective for specific projects, but 

difficult to perfect for multiple different projects. An optimal range for GWR was found as 

30-40% for east, south and west-facing rooms and around 50% for rooms facing only 

north. Results were tabulated, linking room orientation and depth with estimated 

daylight access, solar heat gains and thermal losses. The results were reasonable, but 

could be improved by the use of more sophisticated analysis and simulation techniques, 

which should be facilitated by forthcoming development of Honeybee and Ladybug in 

Dynamo.
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CHAPTER 1 – Introduction 

At the 2015 Paris climate conference (COP21), the parties of the United Nations 

Framework Convention on Climate Change (UNFCCC) laid plans for a globally coordinated 

response to anthropogenic climate change; the Paris Agreement. The agreement aims to 

limit the long-term increase in global average temperature to less than 2°C, 

predominantly through control of greenhouse gas (GHG) emissions (UNFCCC, 2017a). As 

of July 2017, the agreement is in effect and ratified by 153 of the UN member states 

(UNFCCC, 2017b). In fulfilling its role in the Paris Agreement, the EU has put into place its 

own climate change policy. The EU ‘2050 low-carbon economy’ plan aims to cut GHG 

emissions to 80% of the 1990 levels, by 2050, with responsibility spread proportionally 

across all main sectors (European Commission, 2017). 

 

The European Commission (2017) has identified that the building sector is responsible 

for 40% of total energy consumption and 36% of total CO2 emissions within the EU. The 

Commission also predicts that around 90% of emissions from the building sector could 

be cut by 2050, through improvements in building energy performance. CO2 emissions 

from the building sector are primarily attributed to the production of energy consumed 

in lighting, cooling and heating (Pérez-Lombard, Ortiz & Pout, 2008). Lee et al. (2013) lay 

responsibility primarily on glazed areas in facades, which directly impact lighting, cooling 

and heating, through influence on daylight, solar heat gains and thermal losses. 

 

The performance of glazed areas is also measured subjectively, by the human experience. 

The aesthetics of facades, how they interact with internal and external spaces and how 

they affect daylight and views-out, are all important architectural considerations that 

need to be combined with energy performance in order to truly optimise a facade. To 

manage this process, architects require quantitative information to strengthen design 

choices. This information should be provided at an early stage in the design process, to 

maximise the influence and minimise the cost of decisions (Bragança, Vieira & Andrade, 

2014). 

 

Building information modelling (BIM) and parametric tools can facilitate this process by 

allowing model-based analysis and simulation (Yan, 2014). This is realised in the use of 

visual programming add-ins to modelling software, such as Grasshopper for Rhino and 

Dynamo for Revit. These tools support an unbroken flow of information, as they connect 
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directly to the model. Their simplicity also lends itself towards the early stage, where 

detail is less important than the speed of iterations in the design process. Dynamo-Revit 

presents an especially powerful combination, allowing an unbroken flow of information 

that integrates into the later stages of the design process, where Revit is more prevalent 

than Rhino. Daylight, solar heat gains and thermal losses analyses can be performed in 

iterative cycles throughout the design process, with no leakage of information caused by 

changes in model format. 

 

This study aims to utilise Dynamo-Revit to perform a facade optimisation exercise, 

considering daylight, solar heat gains and thermal losses, in order to highlight the 

opportunities and limitations of the workflow and to inform the early stage of the 

architectural process. In order to achieve this, the following objectives and tasks have 

been formulated to guide the study: 

 

Objectives: 

1. To achieve an enhanced understanding of the process of developing a Dynamo 

definition (script), capable of performing environmental analyses, with focus on 

daylight, solar heat gains and thermal losses. 

2. To develop some simple guidance, aimed at informing the early stage of the 

architectural process, with regards to facade design and optimisation. 

 

Tasks: 

1. Create a test model in Revit, designed to facilitate a study into the interaction 

between daylight, solar heat gains and thermal losses. 

2. Develop a Dynamo definition that is capable of analysing daylight, solar heat gains 

and thermal losses within the context of the Revit model. 

3. Use the Dynamo definition to perform a suitable set of analyses, aimed at 

informing the early stage of the architectural process, with regards to facade 

design and optimisation. 

4. Process, present and analyse the results of the study and draw conclusions and 

suggestions for further research. 
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CHAPTER 2 – Background 

3 Influencing Factors 

Daylight 

The Importance of Daylight 

Mardaljevic (2013) defines daylight in buildings as ‘…the natural illumination experienced 

by the occupants of any man-made construction with openings to the outside…’. This natural 

illumination shares an intimate relationship with human psychology and physiology, as 

well as an important connection to social, economic and environmental sustainability. 

The importance of controlling daylight is recognised in literature as far back as Roman 

times. Marcus Vitruvius Pollio was a Roman architect and author of arguably the only 

surviving literary work on Roman architecture. He recognised the lighting requirements 

of different rooms as amongst the fundamental principles of architecture (Vitruvius, 

1914). 

 

The presence/absence of daylight influences the human perception of space and can 

trigger strong emotional responses. It is also important for visual and mental comfort, as 

well as connection to the outside. Blue light (wavelength 460-480nm) absorbed by 

photoreceptors in the eye, has been shown to regulate endocrine, behavioural and 

physiological responses, including melatonin suppression, alertness, mood, performance, 

heart rate and gene expression (Beaven & Ekström, 2013). Good use of daylight also 

reduces energy demands for artificial lighting, as well as cooling loads due to sensible heat 

gains from artificial lighting. It is therefore very important from a perspective of energy 

efficiency. 

 

The Measurement of Daylight 

At the scale of everyday objects light can be treated as a flow of energy and defined by 

human vision; in this case the normal physical units of energy do not apply and thus 

another set of units are defined (Tregenza & Wilson, 2011). 

 

The lumen (lm) is the unit of luminous flux, which is the rate at which luminous energy is 

flowing from a source or across a medium. This gives way to illuminance, measured in lux 

(lx), which is the luminous flux falling on a given surface (lumens per square metre). 

Illuminance is the most frequently used unit of light. The candela (cd) is the unit of 

luminous intensity, which is the quantity of luminous energy flowing from a source in a 
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particular direction. This gives way to luminance, measured in cd/m2, which is the 

measureable brightness of a given surface (luminous intensity per unit area). 

 

Currently the most relevant metric for quantifying daylight in a building is the daylight 

factor. Expressed as a percentage, it is the ratio of the illuminance on a given interior work 

plane to the global horizontal illuminance of the sky. The factor was developed for manual 

calculation before computers, but aptly represents the apparent brightness of a room by 

capturing the contrast between interior and exterior (Tregenza & Wilson, 2011). Thus, 

the factor remains a useful metric that is used in many standards and guidelines today. 

The factor commonly takes 2 forms; point daylight factor – the daylight factor at a given 

interior point, and average daylight factor – the daylight factor averaged over a given 

interior surface. 

 

The sky condition predominantly used for daylight factor calculation is the CIE Standard 

Overcast Sky. This is an internationally adopted standard sky formula that is commonly 

used to demonstrate compliance with standards and regulations. It is designed to 

represent the lowest levels of steady daylight occurring in temperate climates, where the 

sky is grey, overcast and the sun’s location is indeterminable (Tregenza & Wilson, 2011). 

There is no sunlight, only diffuse daylight and the sky’s luminance is constant with 

changing azimuth, but increases with altitude from horizon to zenith, where the 

luminance is 3 times greater than that at the horizon. 

 

Although the use of daylight factor is still prolific due to its simple and stable nature, the 

use of dynamic daylight metrics such as daylight autonomy (DA) and useful daylight 

illuminance (UDI) are of increasing interest. Reinhart, Mardaljevic & Rogers (2006) 

suggest that such metrics are now viable alternatives to daylight factor, as they are 

practicable to utilise and provide greater information for use in comparing design 

alternatives. These use location-specific weather data to capture the annual variation of 

daylight on a work plane. Daylight autonomy is the percentage of time during the year 

which a point is illuminated above a certain threshold, by daylight alone (Reinhart, 

Mardaljevic & Rogers, 2006). Whereas UDI presents a range of 100-2000 lux, where 

daylight is suggested to be useful. Outside of this range, the illuminance is either too low 

to be useful, or too high, introducing problems with overheating and glare (Reinhart, 

Mardaljevic & Rogers, 2006). Glare is described in more detail in the following section. 
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The Behaviour of Daylight 

Upon striking a surface, daylight may be reflected, absorbed or transmitted in some 

combination. This depends on several factors, but in the context of daylighting it is usually 

defined by the properties of the surface on which the light is incident. Opaque materials 

are commonly assigned a reflectance, specularity and roughness, whilst transparent 

materials are assigned a transmittance. All 4 properties may range in value from 0-1. 

Reflectance determines what proportion of light is reflected back from the surface, 

specularity determines the ratio of specular reflection to diffuse reflection, roughness 

determines the scattering of reflected light and transmittance determines what 

proportion of incident light is transmitted through the surface. Table 1 (below) gives 

some examples of common materials and their properties. 

Table 1 – Some common materials and properties relevant for daylight simulation 

– from Velux Daylight Visualizer 

Material Reflectance Specularity Roughness Transmittance 

White paint (matte) 0.840 0.000 0.030 - 

Grass 0.099 0.050 0.010 - 

Concrete 0.400 0.050 0.010 - 

Wooden floor 0.842 0.030 0.150 - 

Window glass - - - 0.780 

 

One aspect of daylight (mentioned in the previous section) that is the topic of ongoing 

research, is glare. Glare is a complex visual phenomenon that can cause physical 

discomfort and disruption of visual processes. It may be considered as optical noise, 

caused by excessive contrast within the field of vision (Tregenza & Wilson, 2011). Glare 

is difficult to quantify as effects are known to vary significantly between individuals, 

which brings into question the upper threshold for UDI, presented in the previous section. 

 

Daylight in Standards and Certifications 

The Swedish building regulations (BBR) give general guidance (with reference to the 

Swedish standard, SS 914201) that a daylight factor of 1% should be achieved in rooms 

where people stay more than temporarily (Boverket, 2016). This daylight factor should 

be calculated at a point 1m from the darkest side-wall, at the half-room depth and 0.8m 

above the floor (SIS, 1988). 
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Miljöbyggnad is an environmental certification system developed in Sweden, by the 

Sweden Green Building Council (SGBC). The system is related closely to BBR and is 

designed primarily for the assessment of Swedish buildings. It has recently undergone its 

second revision and is currently at version 3.0. The system also utilises daylight factor to 

measure daylight (dagsljus), but allows use of median daylight factor, as well as point 

daylight factor and grants an 0.2% reduction in requirement for cases where simulations 

are used (SGBC, 2017). Table 2 (below) gives a summary of the Miljöbyggnad rating 

criteria for daylight:  

Table 2 – Miljöbyggnad rating criteria for Indicator 11: Daylight 

Rating Criteria 

Bronze DF ≥ 1.0% 

Silver DF ≥ 1.2% 

Gold DF ≥ 1.5% 

 

BREEAM is an international environmental certification system, developed in the UK by 

BRE Global. The assessment considers average daylight factor and uniformity (with 

respect to latitude), or average and minimum yearly daylight illuminance; glare and view-

out are also considered (BRE Global, 2016). 

Solar Heat Gains 

Solar heat gain is the increase in temperature of an interior space, caused by solar 

radiation. Solar irradiance incident on an exterior surface will be either reflected, 

absorbed or transmitted to the interior. Solar heat gains are formed of the transmitted 

component, together with the inward-flowing aspect of the absorbed component 

(Kreider, Curtiss & Rabl, 2009). Although heat can be gained through the entirety of the 

exposed building envelope, the heat gained through glazing commonly accounts for the 

highest proportion and forms the majority of the cooling load (Kreider, Curtiss & Rabl, 

2009). This is due to the high proportion of radiation that is transmitted directly to the 

interior. 

 

Design commonly targets a reduction in solar heat gains, to reduce the energy required 

for cooling during the summer. In order to reduce the solar heat gains through glazing, 

either the solar irradiance falling on the glazing needs to be reduced, or the properties of 

the glazing need to be adjusted. The solar irradiance depends on geographical location, 

but may be reduced by adjusting the orientation of the glazing. Altering the properties of 

the glazing by using low-emissivity or tinted glass, or introducing some form of solar 
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shading, will reduce the transmitted radiation. Glazing properties should ideally be 

designed to reduce transmittance of the infrared portion of the spectrum, as reducing the 

transmittance of visible light will reduce daylight, which is very often undesirable. It 

should also be considered that solar heat gains can help to reduce heating load during 

winter, so minimal solar heat gains may not always be the most efficient solution. 

 

In Miljöbyggnad, the solar heat gains (solvärmelast) through the glazing are calculated, 

with respect to floor area, using a simplified formula. The formula utilises solar irradiance 

values of 800 W/m2 and 560 W/m2, depending on how a room is glazed (SGBC, 2017). 

The calculation takes account of solar shading and glazing properties through a combined 

solar factor, gsyst. Table 3 (below) gives a summary of the Miljöbyggnad rating criteria for 

solar heat gains: 

Table 3 – Miljöbyggnad rating criteria for Indicator 2: Solar Heat Gains 

Rating Criteria (Housing/Offices) 

Bronze ≤ 38/40 W/m2 

Silver ≤ 29/32 W/m2 

Gold ≤ 18/22 W/m2 

 

Thermal Losses 

Thermal loss is the decrease in temperature of an interior space, caused by heat transfer 

to the exterior environment. This can occur in a variety of ways, but the most common 

methods are through transmission, ventilation and infiltration. Heat lost by transmission 

occurs through the building envelope, when the temperature outside is lower than the 

temperature inside. As the U-value of glazing is commonly several times higher than that 

of the rest of the building envelope, transmission through windows is very significant. 

Heat lost through ventilation occurs as warm interior air is evacuated from the building 

and cool exterior air is brought in, usually through mechanical ventilation. This can be 

reduced by the use of a ventilation heat exchanger. Heat loss through infiltration occurs 

in a similar manner to ventilation, but is a passive process dictated by the wind and the 

air-tightness of the building envelope. 

 

Similarly to solar heat gains, design commonly targets a reduction in thermal losses, 

especially in Nordic countries where exterior temperatures can become very low. This 

can be achieved by decreasing the U-values of the building envelope (especially those of 

windows), by specifying an efficient ventilation heat exchanger and by designing for good 
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air-tightness (especially around windows and doors). It should also be considered, 

however, that thermal losses can be beneficial for summertime cooling, even in Nordic 

countries. 

 

In Miljöbyggnad, thermal losses (varmeeffektbehov) are calculated using a system of static 

formulas. These consider the sum of heat loss through transmission, ventilation and 

infiltration, with respect to floor area and geographical location (Fgeo). Table 4 (below) 

gives a summary of the Miljöbyggnad rating criteria for thermal losses:  

Table 4 – Miljöbyggnad rating criteria for Indicator 1: Thermal Losses 

Rating Criteria (Housing/Offices) 

Bronze ≤ 25/30 *Fgeo W/m2 

Silver ≤ 20/24 *Fgeo W/m2 

Gold ≤ 15/18 *Fgeo W/m2 

 

The Architectural Process 

Early Stage Workflows 

The choices made in the early stage of the architectural process are highly significant, as 

the project is still malleable and open to change (Bragança, Vieira & Andrade, 2014). 

Figure 1 (below) shows how the impacts and costs of design changes vary at different 

stages in a project. In order to maximise impact and minimise cost, important decisions 

should be taken as early as possible. 

 

Figure 1 – Effects of design changes at different stages in a project 

– adapted from Ball (2015) 
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Early stage decisions are commonly based upon experience, intuition and rules of thumb. 

Designs must adapt to often vague and rapidly changing concepts and ideas. In order to 

make informed decisions in the early stage, simple tools are required, that have an 

intuitive interface, don’t rely on precise, detailed information and are capable of 

suggesting and evaluating different design options and directions (Ochoa & Capeluto, 

2009). Architects require these tools to produce quantitative results, which can be used 

to support design decisions in discussions and meetings. 

Building Information Modelling (BIM) 

Building information modelling is a rapidly developing practice within the architectural, 

engineering and construction (AEC) industry. It is a design and documentation 

methodology that combines all information and design documentation relating to a 

project, into one integrated database (Krygiel & Nies, 2008). Unlike the introduction of 

computer-aided design (CAD) into the workplace, the introduction of BIM is significantly 

changing work processes and the manner of engagement between professionals (Kensek, 

2014). 

 

Figure 2 (below) shows a version of Figure 1, adapted to include effort curves for both 

traditional and BIM-led design processes. The effort curve for the BIM-led design process 

peaks significantly earlier than for the traditional process, which implies that the design 

decisions are likely to have a greater impact and a reduced cost. 

 

Figure 2 – Effects of design changes with an effort comparison 

– adapted from Ball (2015) 

BIM-compliance can be broken down into several stages (see Table 5, on the following 

page), depending on the level of collaboration achieved. Level 0 represents essentially 
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zero collaboration, whilst Level 3 represents the final goal of a fully collaborative process. 

In 2016, BIM Level 2 adoption in the UK was reported at 54%, with 86% expected in 2017 

and 97% predicted by 2021 (Waterhouse, 2016). 

Table 5 – The different levels of BIM (NBS, 2014) 

BIM Level Description 

0 2D models, no collaboration, drawings distributed in electronic or paper 

formats 

1 2D and 3D models, no model sharing, drawings distributed through a 

common data environment 

2 3D models, common file formats for model sharing, each party can form 

their own federated BIM model 

3 A single, centralised 3D model, accessed by all parties 

 

Parametric Modelling 

Parametric modelling is a methodology by which models are defined and constrained 

using variable parameters (Eastman et al., 2011). These parameters can be adjusted in 

order to explore different possibilities, whilst remaining within the limits of the intended 

design. This is very powerful when creating and testing variations in a design, as it can 

reduce drawing time significantly, as well as facilitate optimisation through simulation 

(Yan, 2014). 

 

Some modelling software operates more parametrically than others. For example, 

Autodesk Revit offers considerably more parametric functionality than Rhino3D. 

However, the parametric operation of both modelling software is very much extended by 

the use of visual programming plugins, introduced in the following section. 

Visual Programming 

Visual programming is programming performed through a visual interface, which allows 

users to create and edit code indirectly, by connecting pre-packaged groups of code 

(nodes/components) together. Visual programming can be used together with 

parametric modelling to create or edit geometry, process building information and run 

simulations. The simple and interactive nature of visual programming tools is suited 

towards early stage development and means that potentially even non-specialists can use 

the tools to perform processes/analyses (a developmental target in the DSD-Group at 

White) – something not possible with more advanced tools. 



11 
 

Dynamo is a visual programming editor, developed by Autodesk, for use with Autodesk 

Revit. It is based on a programming language called DesignScript, created specifically for 

Dynamo, but also supports Python. Dynamo can be used to manipulate building 

information and geometry, automate workflows and link to different applications. It is 

free, open-source and designed to function within a development community. Users can 

develop their own nodes to extend the basic functionality. These can be grouped into 

packages and uploaded to the package manager, for use by others. 

 

Grasshopper is an earlier visual programming editor, developed by Robert McNeel & 

Associates, for use with Rhino3D. All .NET programming languages can be used with 

Grasshopper. Grasshopper provided the inspiration for Dynamo, so the two function 

similarly on the surface, but they differ in the same manner as Rhino and Revit differ. 

Similarly to Dynamo, Grasshopper is free and open-source and functions within a 

development community, where users develop their own components for use by others. 

Figure 3 (below) shows the Dynamo-Revit interface and the Grasshopper-Rhino interface, 

side-by-side, highlighting the similarity between the two. 

 

Figure 3 – Interfaces for Dynamo-Revit (top) and Grasshopper-Rhino (bottom) 
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Simulation Tools 

Ladybug Tools – Honeybee and Ladybug 

Honeybee and Ladybug are free, open-source environmental plugins for Grasshopper and 

Dynamo, developed by Mostapha Sadeghipour Roudsari and others. They form part of a 

larger package of environmental tools, known as Ladybug Tools. They were initially 

developed for use in Grasshopper, but have relatively recently been released for Dynamo. 

The plugins connect the visual programming environments to 4 validated simulation 

engines; Radiance, Daysim, OpenStudio and EnergyPlus. 

 

Ladybug imports and interrogates EnergyPlus weather (EPW) files, using them to create 

adjustable graphical outputs which can be used to support early stage decision making 

(Roudsari, 2015). Honeybee connects to the simulation engines mentioned above, in 

order to perform energy, comfort and daylighting analyses (Roudsari, 2015). 

 

Currently, Honeybee has over 200 components in Grasshopper and Ladybug has well over 

100. Whereas, in Dynamo, Honeybee has 13 nodes and Ladybug has 15. These figures 

accurately reflect the state of development of each package in Grasshopper and Dynamo, 

respectively, highlighting how limited the analyses in Dynamo currently are. 

Radiance 

Radiance is a free and validated lighting simulation tool, developed at Lawrence Berkeley 

National Laboratory. Radiance uses a hybrid of Monte Carlo and deterministic ray tracing 

techniques to calculate radiance values (McNeil & Chadwell, 2012). Direct, specular 

indirect and diffuse indirect components are calculated in order to trace rays backwards 

from measurement-point to source (McNeil & Chadwell, 2012). 

 

Radiance is a command line program, which requires good programming knowledge to 

be able to use directly. As such, it is commonly used through other programs, which allow 

the user a limited input and set-up the majority of the simulation automatically. This is 

precisely how Honeybee works, allowing the user to set the geometry, sky and material 

properties, as well as Radiance parameters. The most accessible Radiance parameters are 

presented in Table 6 (on the following page), along with their default values set in 

Honeybee. Changes in these parameters can have a significant impact on the quality of the 

simulation results, as well as the duration of the simulation. 
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Table 6 – Some Radiance parameters and their default values set by Honeybee 

– simulation quality=[low, medium, high] 

Radiance Parameter Description 

Ambient bounces, ab The number of diffuse bounces in the indirect 

calculation. [2, 3, 6] 

Ambient divisions, ad The number of sample rays sent out into the 

hemisphere. [512, 2048, 4096] 

Ambient super-samples, as The number of extra samples used for areas of high 

variability in the hemisphere. [128, 2048, 4096] 

Ambient resolution, ar Adjusts the limit beyond which the accuracy of the 

indirect calculation will relax. [16, 64, 128] 

Ambient accuracy, aa The maximum error permitted in the indirect 

calculation. [0.25, 0.2, 0.1] 
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CHAPTER 3 – Methodology 

Creating the Revit Model 

The initial purpose of the Revit model will be to assist in the development of the Dynamo 

definition. The definition will need to be run repeatedly throughout development, in 

order to check that information is being processed as desired. These intermediate runs 

will also facilitate a learning process, whereby the functions of different nodes will be 

explored and understood and different methods of performing tasks will be tested. Thus, 

a relevant Revit model needs to be present, to act as a source of building information for 

Dynamo. In order to serve this purpose effectively, the model will need to have some 

generic building elements. These may be reduced to floors, walls, windows and rooms 

(see Fig. 4, below). These elements will provide a building with a sealed envelope, suitable 

for daylight, solar heat gains and thermal losses analysis and thus suitable for the 

development of a Dynamo definition with that purpose. 

 

Figure 4 – Section through a simple Revit building suitable for analysis in Dynamo 

The second purpose of the Revit model will be to provide a context within which to study 

the interaction of daylight, solar heat gains and thermal losses. This places more rigorous 

constraints on the model, which are detailed in the following sections. 

Room Size 

The analysis will aim to be independent of the dimensions of the rooms in Revit. In order 

to do this, the rooms will all be of the same dimension, with a typical floor-ceiling height 

of 3m and an arbitrary size of 30x30m. In order to facilitate the daylight analysis (detailed 

later in this chapter), the size of the rooms needs to be large enough that a 1% daylight 

factor contour can be established when daylight conditions are best (GWR=100%). The 

size also needs to minimise the influence of light reflected from the side and back walls, 

which would increase the average illuminance with decreasing room size. The selected 

room size offers a good compromise, without making the simulations too heavy. 
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Windows 

The windows need to be set-up in such a way that the GWR can be easily adjusted, whilst 

maintaining a daylight distribution inside the room that is as uniform as possible. To do 

this, each room will have windows distributed evenly, at 2m centres, across each exterior 

wall. The windows will be centred at the mid-height of the wall. Different window types 

will be defined in Revit, so that the GWR can be adjusted from 5-100%, in 5% increments. 

This will result in 20 types, which are detailed in Table 7 (below). The frame thickness 

will be set to 1mm, so that the GWR will be accurate to within a tolerable margin. 

Table 7 - Details of the 20 window types to be created in Revit 

WWR 

(%) 

Window Area 

(m2) 

Window Width 

(m) 

Window Height 

(m) 

Sill-height 

(m) 

5 0,300 0,447 0,671 1,165 

10 0,600 0,632 0,949 1,026 

15 0,900 0,775 1,162 0,919 

20 1,200 0,894 1,342 0,829 

25 1,500 1,000 1,500 0,750 

30 1,800 1,095 1,643 0,678 

35 2,100 1,183 1,775 0,613 

40 2,400 1,265 1,897 0,551 

45 2,700 1,342 2,012 0,494 

50 3,000 1,414 2,121 0,439 

55 3,300 1,483 2,225 0,388 

60 3,600 1,549 2,324 0,338 

65 3,900 1,612 2,419 0,291 

70 4,200 1,673 2,510 0,245 

75 4,500 1,732 2,598 0,201 

80 4,800 1,789 2,683 0,158 

85 5,100 1,844 2,766 0,117 

90 5,400 1,897 2,846 0,077 

95 5,700 1,949 2,924 0,038 

100 6,000 2,000 3,000 0,000 
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Room Orientation 

The solar heat gains analysis (detailed later in this chapter) will follow the method in 

Miljöbyggnad, taking account of the orientation of rooms and whether they are exposed 

to solar radiation from 1 or 2 directions. In order to capture all possible arrangements in 

the analysis, 4 rooms will be required; one facing north, one facing east/south/west, one 

facing north and east/west and one facing south and east/west. 

Sketch of the Model 

Figure 5 (below) shows a sketch of the test model arrangement. The model will consist of 

only 1 floor, for simplicity. Four rooms will be created, facing southwest, west, northwest 

and north. The rooms will be 30x30m, with 3m floor-ceiling height. Windows will be 

housed in exterior walls, with all other walls being considered interior. An additional 

exterior floor (not shown in Fig. 5) will surround the building to reflect light from the sky 

into the building. The model will be formed simply of floors, walls, windows and rooms 

(similar to Fig. 4).  

 

Figure 5 – Sketch of the planned test model 
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Developing the Dynamo Definition 

The development of the definition will initially serve as a learning process, from which to 

better understand and appreciate the challenges and opportunities of working with 

Dynamo and Revit. Although the required function of the definition is to analyse daylight, 

solar heat gains and thermal losses in an integrated way, the exact path to this result is as 

yet unknown. As such, the development methodology is based on a general workflow 

within Dynamo, as well as some specific calculational processes (including equations and 

inputs), which are presented in the following sections. 

Workflow 

The definition will be formed of three interlinked parts, analysing daylight, solar heat 

gains and thermal losses, respectively. Figure 6 (below) presents an overview of the 

general workflow that will be used in Dynamo. Initially, building information is collected 

from Revit, this information is then processed into the desired form and possibly 

combined with additional information from Revit. The processed information is then used 

to conduct calculations/simulations, the results of which may be processed and/or 

combined with further building information, in order to conduct further 

calculations/simulations. Finally, the results are visualised and/or exported. 

 

Figure 6 – Workflow to be used in Dynamo 

Daylight 

This part of the definition will utilise Honeybee to link Dynamo with Radiance, in order to 

conduct an illuminance simulation. The illuminance results in Dynamo will then be 
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divided by the global horizontal illuminance of the sky, in order to calculate the daylight 

factor results, according to the following equation: 

 

Daylight factor: 

𝑫𝑭 =
𝑬𝟏

𝑬𝟎
∙ 𝟏𝟎𝟎     (%) 

 

E1 Calculated illuminance (lux) 
E0 Global horizontal illuminance (lux) 
 

The results will then be processed in Dynamo and also visualised using Ladybug. They 

will be used to calculate a room depth for each GWR where 1% DF is achieved at the half-

room depth, as per recommendations in Boverket (2016). The results will be interrogated 

to find the depth into the room at which 1% daylight factor is achieved. This depth will 

then be doubled to find the room depth, which will also be used in the solar heat gains 

and thermal losses calculations. The depth to 2% daylight factor will also be measured, in 

order to calculate the percentage of the room (taking account of the new room depth) that 

achieves at least 2% daylight factor, inspired by requirements in BRE Global (2016). Both 

the room depth and 2% proportion will be exported to an Excel spreadsheet. Table 8 

(below) shows the material, test point and sky parameters that will be used in the daylight 

simulation. 

Table 8 – Material, test point and sky parameters and values for daylight simulation 

Parameter Value 

Interior floor material reflectance/specularity 0.35/0.01 

Exterior floor material reflectance 0.40 

Interior wall material reflectance 0.40 

Exterior wall material reflectance 0.30 

Ceiling material reflectance 0.80 

Window frame material reflectance/specularity 0.60/0.01 

Glass material transmittance 0.65 

Test grid size 0.50m 

Height of test points 0.80m 

Sky type CIE Overcast Sky 

Sky global horizontal illuminance 17265 lux 
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The material reflectance and transmittance values are conservative values used in the 

Digital Sustainable Design (DSD) Group at White. The reflectance value for interior walls 

has been reduced from 0.70 to 0.40, in order to minimise the influence of daylight 

reflected from inner walls. This should help to reduce the influence of the room size on 

the results, improving their external validity. The value of 0.40 has been selected based 

on preliminary daylight simulations, where higher values tended to skew the illuminance 

results upwards adjacent to inner walls, whilst lower values tended to skew them 

downwards. The test grid size was selected to optimise simulation speed and results 

resolution; it is the largest grid spacing recommended in SGBC (2017), for simulating 

median daylight factor. The height of the test points was selected to be an assumed work 

plane height, which matches the value given in SIS (1988). The sky type is the common 

type used for daylight factor analyses, representing complete cloud-cover and an 

illuminance at the zenith that is 3 times greater than at the horizon. The global horizontal 

illuminance was determined by running a test simulation to find the average illuminance 

on an unobscured horizontal surface, under the given sky conditions (an overview of the 

definition created to do this is shown in Fig. 7 on p.22). Table 9 (below) shows the 

Radiance parameters to be used in the daylight simulation. The values are the default 

values set by selecting a ‘medium’ simulation quality in Honeybee. 

Table 9 – Radiance parameters and values for daylight simulation 

Radiance Parameter Value 

Ambient bounces, ab 3 

Ambient divisions, ad 2048 

Ambient super-samples, as 2048 

Ambient resolution, ar 64 

Ambient accuracy, aa 0.2 

Source jitter, dj 0.5 

Direct sampling, ds 0.25 

Direct thresholding, dt 0.25 

Direct certainty, dc 0.5 

Direct relays, dr 1 

Direct pretest density, dp 256 

Specular threshold, st 0.5 

Limit reflection, lr 6 

Limit weight, lw 0.01 

Specular sampling, ss 0.7 
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Solar Heat Gains 

This part of the definition will utilise the calculation method set-out in Miljöbyggnad, 

Indicator 2: Solvärmelast (solar heat load). The calculation will use the room depth 

determined from the daylight simulation. Solar heat gains will be calculated for each 

room, taking account of windows facing between 90° and 270° of north i.e. excluding 

north-facing windows. The results will be exported to an Excel spreadsheet. A summary 

of the calculation in SGBC (2017) is presented below: 

 

Solar heat gains: 

𝑺𝑯𝑮 = 𝑬𝟏 ∙ 𝒈𝒔𝒚𝒔𝒕 ∙
𝑨𝒈𝒍𝒂𝒔𝒔

𝑨𝒓𝒐𝒐𝒎
     (𝐖 𝐦𝟐⁄ ) 

 

Additional calculation for rooms with windows facing 2 directions (take highest SHG 

value): 

𝑺𝑯𝑮 = 𝑬𝟐 ∙ 𝒈𝒔𝒚𝒔𝒕 ∙
𝑨𝒈𝒍𝒂𝒔𝒔,𝒅𝒊𝒓𝟏

𝑨𝒓𝒐𝒐𝒎
+ 𝑬𝟐 ∙ 𝒈𝒔𝒚𝒔𝒕 ∙

𝑨𝒈𝒍𝒂𝒔𝒔,𝒅𝒊𝒓𝟐

𝑨𝒓𝒐𝒐𝒎
     (𝐖 𝐦𝟐⁄ ) 

 

E1 Solar irradiance 1 (800 W/m2) 
E2 Solar irradiance 2 (560 W/m2) 
gsyst Solar factor for glass, including shading 
Aglass Glass area facing east/south/west (m2) 
Aroom Room area (m2) 
 

Architects are commonly given a gsyst value to adhere to, by mechanical & electrical 

engineering consultants. Thus, 4 values of gsyst will be used in the calculation, to provide 

a range of results, applicable to different facade designs (including different glass types 

and shading conditions). Table 10 (below) presents each gsyst value that will be used, along 

with an example of a typical window arrangement likely to achieve that value. 

Table 10 – gsyst values and typical window arrangements for SHG analysis 

gsyst Typical Window Arrangement 
0.1 Low-emissivity glass, with solar shading 
0.3 Low-emissivity glass, without solar shading  
0.5 Standard glass, with solar shading 
0.7 Standard glass, without solar shading 

 

Thermal Losses 

This part of the definition will use static equations to calculate the thermal losses from 

each room, which will then be exported to an Excel spreadsheet. Similarly to the solar 
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heat gains analysis, the room depth from the daylight simulation will be used. A summary 

of the calculations is presented below: 

 

Transmission heat losses: 

𝑯𝒕 = ∑(𝑨 ∙ 𝑼)𝒋

𝒋

∙ (𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕) ∙ (𝟏 +
𝜶

𝟏𝟎𝟎
)     (𝐖) 

 
A Building envelope area (m2) 
U U-value (W/m2 K) 
Tin Indoor temperature (°C) 
Tout Outdoor temperature (°C) 
α Proportion of thermal bridges (%) 
 

Ventilation heat losses: 

𝑯𝒗 = 𝒄𝒑 ∙ 𝝆 ∙ 𝒒𝒗𝒆𝒏𝒕 ∙ (𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕) ∙ (𝟏 −
𝜷

𝟏𝟎𝟎
)     (𝐖) 

 
cp Specific heat of air (1000 J/kg K) 
ρ Density of air (1.2 kg/m3) 
qvent Ventilation rate (m3/s) 
Tin Indoor temperature (°C) 
Tout Outdoor temperature (°C) 
β Efficiency of heat recovery (%) 
 

Infiltration heat losses: 

𝑯𝒊 = 𝒄𝒑 ∙ 𝝆 ∙
𝒏

𝟑𝟔𝟎𝟎
∙ 𝑽 ∙ (𝑻𝒊𝒏 − 𝑻𝒐𝒖𝒕)     (𝐖) 

 
cp Specific heat of air (1000 J/kg K) 
ρ Density of air (1.2 kg/m3) 
n Infiltration rate (ACH) 
V Building volume (m3) 
Tin Indoor temperature (°C) 
Tout Outdoor temperature (°C) 
 

Total heat losses: 

𝑯𝒕𝒐𝒕 =
𝑯𝒕 + 𝑯𝒗 + 𝑯𝒊

𝑨
     (𝐖 𝐦𝟐⁄ ) 

 
Ht Transmission heat loss (W) 
Hv Ventilation heat loss (W) 
Hi Infiltration heat loss (W) 
A Building area (m2) 
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Table 11 (below) shows the parameters that will be used in the thermal losses analysis. 

The outdoor temperature is the 1-day mean air temperature for Stockholm. The U-values 

and the ventilation rate are based on values given in Boverket (2016). The indoor 

temperature, thermal bridges, heat recovery and infiltration rate are all assumed values 

deemed suitable for an early stage analysis. 

Table 11 – Parameters and values for thermal losses analysis 

Parameter Value 
Indoor temperature 22.0°C 
Outdoor temperature -17.1°C 
Glass U-value 1.30 W/m2 K 
Interior floor U-value 0.15 W/m2 K 
Exterior wall U-value 0.18 W/m2 K 
Roof U-value 0.13 W/m2 K 
Thermal bridges 10% 
Ventilation rate 0.35 l/s m2 
Ventilation heat recovery efficiency 80% 
Infiltration rate 0.3 ACH 

 

The Dynamo Graphic Standard 

The Dynamo Graphic Standard will be used to guide the formulation of the Dynamo 

definition. The standard is an internal development at White, that seeks to standardise 

the layout, colour-coding and annotation of Dynamo definitions. The purpose is to 

facilitate the creation of high-quality definitions, whilst encouraging collaborative use, 

understanding and development. The standard is based upon a previous development 

used in Grasshopper and consists of instructions and a template, contained within a 

custom node, that guide a user in the formulation of the definition. 

 

Figure 7 – Overview of a simple definition made using the graphic standard 

Figure 7 (above) shows an example of a simple definition developed in accordance with 

the graphic standard. This specific example is the definition created to simulate the global 

horizontal illuminance of the CIE Overcast Sky used in this study. Variable and fixed 

inputs are grouped to the left under ‘User Interface’ and highlighted in green and purple, 

respectively. The main-body of the definition is grouped to the right under ‘Design’ and 
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highlighted in grey. The single node to the far right presents the result of the simulation 

and is highlighted in light-blue, to signify that it should be monitored. Located along the 

top are guidelines for use and a colour-coding template, as well as an area to contain 

specific project information. Figure 8 (below) shows the colour-coding template in more 

detail. 

 

Figure 8 – The colour-coding template from the graphic standard 

The standard also encourages the grouping of nodes into relatively small ‘modules’, with 

clearly explained functions. This facilitates readability of the definition, as well as 

debugging and development. Data containers (see an example inside the grey box in Fig. 

8) should be present and clearly labelled at the beginning and end of each module. These 

simply pass data, but allow modules to be easily copied and reconnected at another point 

in the definition or in a separate definition. 

Validation of the Dynamo Definition 

In order to confirm that the calculations and simulations performed are accurate, the 

daylight, solar heat gains and thermal losses results will be validated using alternative 

calculation/simulation methods. Velux Daylight Visualizer is a free, professional daylight 

simulation tool that will be used to validate the daylight results. The solar heat gains 

results will be validated using hand calculations, whilst the thermal losses results will be 

validated using a verified spreadsheet from Miljöbyggnad, which uses the same static 

calculations to assess Miljöbyggnad, Indicator 1: Värmeeffektbehov (heating 

requirements). The results of these validations will be presented in Appendix A: Validation 

of the Dynamo Definition. 

Analysis and Results 

In performing the analysis, the Dynamo definition will be run for a total of 80 iterations 

(20 GWR values, 4 gsyst values). Between each iteration, the Revit model will be adjusted; 

all window elements will be selected and their type, as well as their sill-height, will be 

amended to suit the new GWR. Inside the Dynamo definition, before it is run, the value of 

gsyst will be adjusted and the Excel sheet name will be updated to reflect the current 

iteration. 

 



24 
 

The results will be tabulated in 4 tables (1 for each room), to provide a quick and simple 

estimation of daylight, solar heat gains and thermal losses for an early stage design, 

depending on room orientation, gsyst and GWR. Furthermore, in separate tables (to be 

presented in Appendix B: Complete Tables of Results), the results will be transformed to a 

0-1 range and reciprocal values will be taken for the daylight results. This will allow the 

results for each room to be plotted on the same graph, using the same y-axis scale, against 

GWR on the x-axis. From this representation, a GWR may be selected based upon an 

optimisation between 2 factors. 

Limitations and Expected Outcomes 

- Use of the CIE Overcast Sky will mean that daylight will be the same in all directions, 

so facade orientation will not be a factor. Corner rooms will introduce variation in the 

daylight results, as the glazed area will be increased relative to non-corner rooms. 

- Only 1 floor will be modelled, so the variation of daylight with increasing floor-level 

will not be operationalised. 

- Daylight is expected to exhibit a decaying positive relationship to GWR. Flodberg, 

Blomsterberg & Dubois (2012) suggest that increasing GWR beyond 40% will return 

little improvement in daylight. 

- Use of simplified values for solar irradiance will mean that solar heat gains will be the 

same for all facade orientations, except north. Again, corner rooms will introduce 

variation, as the glazed area will be increased compared to non-corner rooms.  

- Solar heat gains area expected to exhibit a positive linear relationship with GWR and 

should reduce linearly with reducing gsyst. 

- Thermal losses are expected to exhibit a positive linear relationship with GWR. The 

analysis will be simplistic, due to the static nature of the equations used.  

- The thermal losses results will rely heavily on the selected inputs to the calculation 

(e.g. U-values, ventilation rate etc.).  
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CHAPTER 4 – Results of Development 

General Comments 

The learning process with Dynamo was found to be fairly intuitive; assisted by the visual 

nature of the tool. A process of trial and error was found to be effective when connecting 

nodes and considering different functions. This is facilitated if the model and definition 

are relatively small, as changes can be made and processed rapidly. As the model and 

definition become larger, navigating the definition and processing changes can become 

sluggish. 

 

The online ‘primer’ for Dynamo provides some basic guidelines, but the majority of 

information can be gleaned from the official Dynamo forum, by beginning a new thread, 

or by searching through the existing threads. The same applies to package repositories on 

GitHub, which are the best places to ask package-specific questions and to report bugs. 

The Dynamo forum should become increasingly powerful, as the community expands and 

acquires a greater collective knowledge, similar to the Grasshopper forum. 

The Test Model 

Figures 9 and 10 (below and on the following page) show 3D views of the test model in 

Revit, from both the southwest and the northeast, for GWR=100% and GWR=50%, 

respectively. The model is formed of 1 storey, with 4 identically sized rooms facing 

southwest/west/northwest/north, and surrounded by a large exterior ground surface. 

The model remained identical (except for adjustments to the windows) throughout the 

analysis. 

 

Figure 9 – 3D views of the test model in Revit (GWR=100%) 
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Figure 10 – 3D views of the test model in Revit (GWR=50%) 

Figure 11 (on the following page) shows a plan view of the test model in Revit. Here, the 

four rooms and their separating walls can be seen, highlighted in blue. The exterior 

ground was extended a distance of 30m from the glazed facades. 

 

Figure 11 – Plan view of the test model in Revit (GWR=50%) 
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The Dynamo Definition 

 

 

 

 

 

 

Figure 12 – Overview of the Dynamo definition 
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Figure 12 (on the previous page) presents an overview of the completed Dynamo 

definition. The definition has been separated into six parts (marked in red), each 

performing a different function. Part 1 forms the user interface, where key inputs can be 

set and errors/results can be previewed. Part 2 forms the daylight analysis; it is here that 

most of the geometry is initially brought into Dynamo and where Honeybee and Ladybug 

are used. Parts 3 and 4 draw upon the daylight results and further building information 

to perform the solar heat gains analysis and the thermal losses analysis, respectively. 

Finally, part 5 takes information from each of the previous parts and uses the Archi-

lab_Bumblebee package to write an Excel results file. Table 12 (below) presents a 

summary of the key nodes and their packages, that were found useful in creation of the 

definition. 

Table 12 – Summary of useful nodes available in Dynamo packages 

Node Name Package Function in Definition 

BB Data Archi-lab_Bumblebee Processes data to be written in 
an Excel spreadsheet 

Write Excel Archi-lab_Bumblebee Writes Excel spreadsheet 
using input data 

Get Rooms by Level Archi-lab_Grimshaw Provides a list of rooms 
located on the given floor-level 

Room.Boundaries Archi-lab_Grimshaw Provides all room-bounding 
curves and elements that form 
them 

Wall.ExteriorDirection Archi-lab_Grimshaw Provides a vector normal to 
the exterior face of each wall 

Elements.FilterByName Clockwork Filters a list of elements 
according to a specific search 
string 

Room.Windows Clockwork Provides all windows 
associated with a room 

Surface.FilterByOrientation Clockwork Organises surfaces into 3 lists 
according to orientation 
(vertical, horizontal upper & 
horizontal lower) 

*Several nodes used Honeybee Generates test sky and test 
points and links with Radiance 
to run daylight simulation 

*Several nodes used Ladybug Constructs a location for the 
test sky and also colours the 
results grid 

Element.Room Rhythm Reports the room associated 
with each element 

Wall.NorthSouthEastWest Rhythm Determines whether a wall is 
facing north, south, east or 
west 
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Collecting Building Information from Revit 

Dynamo offers several standard ways of collecting building geometry from Revit. A large 

part of the selection process is based upon the hierarchy used in Revit i.e. the 

categorisation of elements. Figure 13 (below) provides an overview of how the Revit 

hierarchy functions, with element instances grouped into types, families and categories. 

Groups of instances can then be collected in Dynamo, accordingly. 

 

Figure 13 – An overview of the Revit hierarchy 

The selection options are extended by popular packages such as Archi-lab_Grimshaw, 

Clockwork and Rhythm and also include manual selection, as well as selection by floor-

level, room, hosted element etc. The latter three options are particularly valuable in the 

context of this study. Selection by floor level can be performed using the standard All 

Elements at Level node. This is useful for selecting a specific floor for analysis. In solar 

heat gains analyses, for example, the highest representative floor is usually selected, as it 

is least likely to be overshadowed and thus gives the highest solar heat gains. Selection by 

room is provided by nodes such as Room.Boundaries (Archi-lab_Grimshaw), 

Room.Doors (Clockwork) and Room.Windows (Clockwork). This can be useful if 

specific rooms are of interest for analysis, which can be common in daylight studies. 

Rooms themselves can also be selected by level using Get Rooms by Level (Archi-

lab_Grimshaw). The functionality of selecting by room ensures that elements are grouped 

into lists according to their room, within Dynamo, which can require some work to 

achieve otherwise. Selection by hosted element, using the standard 

FamilyInstance.GetHost node, is useful for maintaining the connection between a 

window/door and a wall in lists within Dynamo, for example. Figure 14 (on the following 

page) presents some examples of the aforementioned nodes in use. 
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Figure 14 – Examples of element selection in Dynamo 

Revit also contains extensive building information, aside from geometrical data. This 

depends on how the model is set-up, how the element families are constructed and if the 

user chooses to add any additional information. Many parameters, such as various project 

information, element areas, volumes, counts, costs, U-values and visual light 

transmittances and solar heat gain coefficients (for windows) etc. can all be read, 

processed and even modified in Dynamo. Value, SetValue and 

Element.GetParameterValueByName are standard nodes which can be used to read 

and also to modify parameters. There are many additional nodes provided in packages 

such as Archi-lab_Grimshaw, Clockwork, Lunchbox and Rhythm, that offer extensions and 

variations on these standard functions. Figure 15 (on the following page) presents an 

example of Element.GetParameterValueByName in use. 
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Figure 15 – Element.GetParameterValueByName in Dynamo 

These parametric selection options are very useful and can save a lot of time which may 

otherwise be spent organising geometry into different layers in Rhino and Grasshopper, 

for example, or simply inputting data by hand. However, when the selection process 

cannot achieve the desired result, it can be a complex problem to solve, requiring 

additional processing in Dynamo. An example of such a failure and how it was resolved is 

given in the following section. 

Processing the Information 

Once the elements have been brought into Dynamo, additional filters can be applied in 

order to further separate them and group them as desired. Elements.FilterByName 

(Clockwork) allows one to isolate a group of elements using a search string that matches 

or partially matches the names of the elements (see Fig. 16 on the following page). In a 

similar manner, the standard nodes Element.GetParameterValueByName, 

List.ContainsItem and List.FilterbyBoolMask can be connected in order to filter using 

a search string that matches a specific parameter value associated with an element. This 

was used in this study in order to isolate rooms with 2 glazed facades from those with 

only 1, so as to allocate them a different solar irradiance value for the solar heat gains 

analysis. The ‘Comments’ parameter was updated in Revit to contain the value ‘Corner’, 

allowing the rooms to be successfully filtered. A similar process was also used to isolate 

external floors from internal floors, in order to give them a different material reflectance 

value for the daylight simulation. 
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Figure 16 – Elements.FilterByName in Dynamo 

If a specific piece of building geometry cannot be selected or filtered using building 

information, then another argument must be used to solve the problem. For example, in 

all 3 parts of this definition, the window glass was required to be separated from the 

frame, in order to assign different material properties and to read the surface areas 

correctly. As the window glass and frame are considered a single element in Revit, no 

selection or filtering process described previously could be used to do this. The element 

had to be broken down into its respective parts, by using Element.Geometry to obtain a 

list of solids. Once this had happened, it was not possible to relate any building 

information (such as material-type) to each solid individually. Thus, a geometrical 

argument had to be applied to filter them. Springs.Geometry.Extents (Spring Nodes) 

was used to find the dimensions of each solid and then filters were applied to find the 

minimum dimension and check whether it was inside a certain range. This essentially 

filtered the solids based on their smallest dimension. Figure 17 (on the following page) 

shows the formulation in Dynamo. Using a geometrical argument such as this is inherently 

unreliable if the geometry is likely to vary significantly between projects, which is true in 

the case of windows. It also seems like a failure of the BIM workflow, which should be 

capable of discerning window glass from frame. 
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Figure 17 – Filtering window glass from frames in Dynamo 

Further nodes, such as List.Sort and SortIndexByValue are also very useful for 

processing information in Dynamo. SortIndexByValue is especially useful when 

combined with Reorder, for rearranging a list according to the value of a certain 

parameter. Figure 18 (below) shows an example, reorganising a list of walls based upon 

their surface areas. 

 

Figure 18 – Reordering a list in Dynamo using SortIndexByValue and Reorder 

An interesting recent addition to Dynamo has been the List@Level function (see Fig. 19, 

on the following page). The function allows one to select which list (within a list of lists) 

to work with. This development saves the connection of several additional nodes, 

previously required to achieve the same result. 
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Figure 19 – The List@Level function in Dynamo 

Calculating/Simulating 

In conducting the main solar heat gains and thermal losses calculations (as well as some 

other minor calculations), code-blocks were used. Double-clicking in the Dynamo 

workspace produces a standard Code Block node, where DesignScript code can be 

directly authored. Formulas can be entered here to create custom nodes which perform 

calculations inside the Dynamo definition. Figure 20 (below) shows an empty code-block, 

above the filled code-block used to conduct the solar heat gains calculation. Once filled, 

the code-block automatically takes on a structure that mirrors the formula it contains, 

creating inputs down the left-hand side. Code-blocks offer a clear and organised way of 

handling calculations inside Dynamo. 

 

Figure 20 – Example of basic calculation in Dynamo 

In performing the daylight simulation, the majority of the calculation was performed 

outside of Dynamo, by the Radiance simulation engine. Honeybee was used to formulate 

the parameters and inputs for the simulation and to connect Dynamo with Radiance. 

Setting-up the Honeybee workflow in Dynamo was a straightforward task, as there are 

relatively few nodes and their connections to each other are easy to understand (see Fig. 

21, on the following page). The difficulty lay in ensuring that all the inputs were correct 

and properly formatted. If something was not as it should be, most commonly the 
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simulation would either fail to run or crash Dynamo and Revit. Either way, the 

troubleshooting process could be very time-consuming, requiring many restarts of both 

Dynamo and Revit. This problem is accentuated significantly if the Revit model and/or 

the Dynamo definition are large, as restarts can take significantly longer. Additionally, as 

Honeybee has only relatively recently been released in Dynamo, bugs are not uncommon. 

However, development is ongoing, with several bug-fixes and improvements released 

during this study. 

 

Figure 21 – Running a Radiance simulation using Honeybee in Dynamo 

It was also noted that there appeared to be a degree of randomness in the Radiance 

results. When simulations were repeated, the illuminance result at a point was observed 

to vary by as much as ±0.4% DF. This is not a problem when averaging over a large 

number of points, but can introduce errors when a small number of points are taken in 

isolation. For example, when calculating the room depth, a relatively small number of 

points were considered (at or near 1% DF), leading to a large variation in the calculated 

room depth between repeated simulations. This was exacerbated by the 0.5m grid size, 

meaning that some points could easily shift position by 0.5m between simulations, 

shifting the average considerably. This problem was resolved by taking a larger sample of 

points and also taking a modal average of the depth to the points, instead of a mean. 
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Visualising/Exporting the Results 

In order to visualise the results, the Ladybug package was used to colour the test grid 

according to the daylight factor results. The scale and colours can be adjusted to suit 

requirements (see Fig. 22, below). This visualisation is useful for understanding and 

comparing results, as well as checking for errors in the simulation. The results can also be 

saved into Revit as coloured surfaces, although this function still needs some 

development. 

 

Figure 22 – Examples of test grid colouring options using Ladybug (GWR=50%)  

Left: Original Ladybug (red=max=1% DF) 

Right: Multi-Colored Ladybug (red=max=2% DF) 

In order to write the Excel results spreadsheet, the Archi-lab_Bumblebee package was 

used. This package offers much improved functionality over the standard Dynamo nodes 

and it also features an online ‘primer’ which offers helpful guidelines to its use. In this 

study, the package was used simply to export results that were later formatted in Excel. 

However, the package also offers several formatting options, allowing more developed 

spreadsheets to be created automatically. 
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Implementing the Dynamo Graphic Standard 

Implementing the graphic standard required an investment of time and effort. However, 

it encouraged the development of a well organised and annotated definition. This 

promoted clarity of thought and intention during development and simplified 

troubleshooting. It also facilitated the addition of extensions and improvements. 

 

It is most effective to implement the standard from the very start of development, as 

upgrading an existing definition can become complex and time-consuming. The standard 

is slightly ambiguous in places and could be interpreted in different ways by different 

users. The treatment of code-block nodes is also unclear.  
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CHAPTER 5 – Results of Analysis 

Room 1 – Southwest 

Table 13 – Results for Room 1 (Southwest) 

GWR 
(%) 

Room Depth 
(m) 

Room Area ≥ 2% DF 
(%) 

Solar Heat Gains (W/m2) Thermal Losses 
(W/m2) gsyst=0.7 gsyst=0.5 gsyst=0.3 gsyst=0.1 

5 1,5 82,6 140,9 100,6 60,4 20,1 67,2 

10 3,7 41,1 116,5 83,2 49,9 16,6 46,8 

15 5,2 45,6 127,3 90,9 54,5 18,2 43,9 

20 6,6 48,0 133,3 95,2 57,1 19,0 42,2 

25 7,9 50,6 141,4 101,0 60,6 20,2 41,6 

30 9,6 50,3 139,8 99,9 59,9 20,0 40,5 

35 10,3 52,3 152,1 108,7 65,2 21,7 40,9 

40 11,6 55,1 155,8 111,3 66,8 22,3 40,6 

45 12,6 54,3 162,0 115,7 69,4 23,1 40,7 

50 13,0 55,2 173,5 123,9 74,4 24,8 41,3 

55 14,0 56,7 177,7 127,0 76,2 25,4 41,3 

60 14,5 57,4 187,7 134,0 80,4 26,8 41,8 

65 15,3 57,3 193,7 138,4 83,0 27,7 42,0 

70 15,5 57,6 205,6 146,9 88,1 29,4 42,7 

75 16,5 57,9 207,3 148,1 88,8 29,6 42,6 

80 16,7 57,2 218,1 155,8 93,5 31,2 43,2 

85 18,0 57,7 216,1 154,4 92,6 30,9 42,9 

90 18,2 58,0 225,9 161,4 96,8 32,3 43,5 

95 18,7 59,3 232,3 166,0 99,6 33,2 43,8 

100 19,4 58,3 235,5 168,2 100,9 33,6 43,9 

 

Table 13 (above) shows the tabulated results of the daylight, solar heat gains and thermal 

losses analyses for Room 1, Southwest. The room depth and area achieving 2% DF are 

shown to increase with a decaying relationship to GWR, that gives very limiting returns 

after around 40% GWR. The solar heat gains increase with a strong positive linear 

relationship to GWR and decrease linearly with decreasing gsyst. The thermal losses are 

initially very high and then quickly fall to a minimum at around 30% GWR, before steadily 

increasing in a linear fashion. The results for 5% GWR appear to go against the trend of 

the data for solar heat gains and area achieving 2% DF. Room depth undergoes by far the 

greatest percentage change from 10-100% GWR, whilst thermal losses undergoes by far 

the least.  
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Room 2 – West 

Table 14 – Results for Room 2 (West) 

GWR 
(%) 

Room Depth 
(m) 

Room Area ≥ 2% DF 
(%) 

Solar Heat Gains (W/m2) Thermal Losses 
(W/m2) gsyst=0.7 gsyst=0.5 gsyst=0.3 gsyst=0.1 

5 1,5 58,3 50,3 36,0 21,6 7,2 47,1 

10 3,7 23,2 41,6 29,7 17,8 5,9 36,9 

15 5,2 26,3 45,5 32,5 19,5 6,5 35,5 

20 6,6 27,9 47,6 34,0 20,4 6,8 34,7 

25 7,9 29,7 50,5 36,1 21,7 7,2 34,4 

30 9,6 29,5 49,9 35,7 21,4 7,1 33,8 

35 10,3 30,9 54,4 38,8 23,3 7,8 34,0 

40 11,6 33,0 55,7 39,8 23,9 8,0 33,9 

45 12,6 32,4 57,9 41,3 24,8 8,3 33,9 

50 13,0 33,1 62,0 44,3 26,6 8,9 34,2 

55 14,0 34,2 63,5 45,4 27,2 9,1 34,2 

60 14,5 34,7 67,0 47,9 28,7 9,6 34,4 

65 15,3 34,7 69,2 49,4 29,7 9,9 34,5 

70 15,5 34,9 73,5 52,5 31,5 10,5 34,9 

75 16,5 35,1 74,1 52,9 31,7 10,6 34,8 

80 16,7 34,6 77,9 55,7 33,4 11,1 35,1 

85 18,0 34,9 77,2 55,2 33,1 11,0 35,0 

90 18,2 35,2 80,7 57,7 34,6 11,5 35,3 

95 18,7 36,2 83,0 59,3 35,6 11,9 35,4 

100 19,4 35,5 84,1 60,1 36,1 12,0 35,5 

 

Table 14 (above) shows the tabulated results of the daylight, solar heat gains and thermal 

losses analyses for Room 2, West. The results follow precisely the same relationships as 

described for Table 13. However, room area ≥ 2% DF is approximately 40% lower than 

for Room 1 – Southwest, whilst solar heat gains and thermal losses are approximately 

65% and 20% lower, respectively. 
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Room 3 – Northwest 

Table 15 – Results for Room 3 (Northwest) 

GWR 
(%) 

Room Depth 
(m) 

Room Area ≥ 2% DF 
(%) 

Solar Heat Gains (W/m2) Thermal Losses 
(W/m2) gsyst=0.7 gsyst=0.5 gsyst=0.3 gsyst=0.1 

5 1,5 82,6 50,3 36,0 21,6 7,2 67,2 

10 3,7 41,1 41,6 29,7 17,8 5,9 46,8 

15 5,2 45,6 45,5 32,5 19,5 6,5 43,9 

20 6,6 48,0 47,6 34,0 20,4 6,8 42,2 

25 7,9 50,6 50,5 36,1 21,7 7,2 41,6 

30 9,6 50,3 49,9 35,7 21,4 7,1 40,5 

35 10,3 52,3 54,4 38,8 23,3 7,8 40,9 

40 11,6 55,1 55,7 39,8 23,9 8,0 40,6 

45 12,6 54,3 57,9 41,3 24,8 8,3 40,7 

50 13,0 55,2 62,0 44,3 26,6 8,9 41,3 

55 14,0 56,7 63,5 45,4 27,2 9,1 41,3 

60 14,5 57,4 67,0 47,9 28,7 9,6 41,8 

65 15,3 57,3 69,2 49,4 29,7 9,9 42,0 

70 15,5 57,6 73,5 52,5 31,5 10,5 42,7 

75 16,5 57,9 74,1 52,9 31,7 10,6 42,6 

80 16,7 57,2 77,9 55,7 33,4 11,1 43,2 

85 18,0 57,7 77,2 55,2 33,1 11,0 42,9 

90 18,2 58,0 80,7 57,7 34,6 11,5 43,5 

95 18,7 59,3 83,0 59,3 35,6 11,9 43,8 

100 19,4 58,3 84,1 60,1 36,1 12,0 43,9 

 

Table 15 (above) shows the tabulated results of the daylight, solar heat gains and thermal 

losses analyses for Room 3, Northwest. The results follow precisely the same 

relationships as described for Table 13. Room area ≥ 2% DF is the same as for Room 1 – 

Southwest, as are thermal losses, whilst solar heat gains are the same as for Room 2 – 

West. 
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Room 4 – North 

Table 16 – Results for Room 4 (North) 

GWR 
(%) 

Room Depth 
(m) 

Room Area ≥ 2% DF 
(%) 

Solar Heat Gains (W/m2) Thermal Losses 
(W/m2) gsyst=0.7 gsyst=0.5 gsyst=0.3 gsyst=0.1 

5 1,5 58,3 0,0 0,0 0,0 0,0 47,1 

10 3,7 23,2 0,0 0,0 0,0 0,0 36,9 

15 5,2 26,3 0,0 0,0 0,0 0,0 35,5 

20 6,6 27,9 0,0 0,0 0,0 0,0 34,7 

25 7,9 29,7 0,0 0,0 0,0 0,0 34,4 

30 9,6 29,5 0,0 0,0 0,0 0,0 33,8 

35 10,3 30,9 0,0 0,0 0,0 0,0 34,0 

40 11,6 33,0 0,0 0,0 0,0 0,0 33,9 

45 12,6 32,4 0,0 0,0 0,0 0,0 33,9 

50 13,0 33,1 0,0 0,0 0,0 0,0 34,2 

55 14,0 34,2 0,0 0,0 0,0 0,0 34,2 

60 14,5 34,7 0,0 0,0 0,0 0,0 34,4 

65 15,3 34,7 0,0 0,0 0,0 0,0 34,5 

70 15,5 34,9 0,0 0,0 0,0 0,0 34,9 

75 16,5 35,1 0,0 0,0 0,0 0,0 34,8 

80 16,7 34,6 0,0 0,0 0,0 0,0 35,1 

85 18,0 34,9 0,0 0,0 0,0 0,0 35,0 

90 18,2 35,2 0,0 0,0 0,0 0,0 35,3 

95 18,7 36,2 0,0 0,0 0,0 0,0 35,4 

100 19,4 35,5 0,0 0,0 0,0 0,0 35,5 

 

Table 16 (above) shows the tabulated results of the daylight, solar heat gains and thermal 

losses analyses for Room 4, North. The results follow precisely the same relationships as 

described for Table 13, apart from the solar heat gains results, which are all equal to zero. 

Room area ≥ 2% DF is the same as for Room 2 – West, as are thermal losses. 
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Transformed and Combined Results for All Rooms 

 

 

 

Figure 23 – Transformed and combined results for all rooms 
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Figure 23 (on the previous page) shows transformed graphical results for daylight, solar 

heat gains and thermal losses, for all rooms. The original data has been transformed to fit 

a 0-1 range and reciprocal values have been taken for room depth and room area ≥ 2% 

DF. The solar heat gains results for Room 4 – North have not been included, as they are 

equal to zero in this analysis. Also, the data for 5% GWR has been omitted, as it was 

deemed to detract from the figure. After transformation, the data became almost identical 

for all rooms. Thus, only one figure has been included (that for Room 1, Southwest) to 

represent all rooms. Also, there is only one curve displayed for solar heat gains, as the 

transformed values remained constant across all values of gsyst. Full results tables can be 

found in Appendix B: Complete Tables of Results. 

 

From the figure, it can be seen that daylight (room depth and room area ≥ 2% DF) initially 

increases rapidly with GWR, but follows a decaying relationship and the rate of increase 

reduces quickly after around 40%. Solar heat gains exhibit a strong positive linear 

relationship with GWR. Thermal losses are initially high and decrease rapidly to a 

minimum, before steadily growing at a rate comparable to that of solar heat gains. Table 

17 (below) shows an attempt to optimise GWR, by interpolation from Figure 23, 

considering daylight, solar heat gains and thermal losses. 

Table 17 – Optimisation of GWR for all rooms according to Figure 23 

 Solar Heat Gains 

(exc. rooms facing only north) 

Thermal Losses 

Room Depth 30% GWR 51% GWR 

Room Area ≥ 2% DF 34% GWR 53% GWR 
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CHAPTER 6 – Discussion 

The Revit-Dynamo Workflow 

The parametric workflow between Dynamo and Revit was very effective for application 

to a specific project, where functioning solutions could be devised in the knowledge that 

aspects of the model would be constant and unchanging. However, this performance is 

not so certain in the context of an architectural practice, where models and their 

component parts are likely to change dramatically between projects, or even between 

revisions of the same project (in the early stage). A definition that is expected to function 

reliably in such a changeable environment, without constant alterations to suit specific 

projects, would need to undergo extensive prior development and testing. 

 

These circumstances could be improved by standardisation of modelling practices, in a 

way which functions smoothly with the Dynamo definition. Standardisation of drawing 

practices and family constructions in Revit is already commonplace, so it could be a small 

step to also include some consideration of the interaction with Dynamo. This is 

particularly important in the early stage, where simple drawing guidelines are relatively 

easy to follow, but still tempting to ignore. In terms of environmental analyses, the 

formulation of room-bounding elements is especially important i.e. floors, ceilings, walls, 

windows and doors. 

 

Another factor which may offer assistance is the constantly developing and diversifying 

library of packages available through the package manager in Dynamo. As package 

developers become increasingly familiar with Revit and Dynamo and receive feedback 

from users, it is likely that many common issues will be resolved. Furthermore, as the 

number of available packages increases, it is likely that more niche development 

requirements will also be addressed. 

The Analysis in Dynamo 

The analyses were carried out successfully using Dynamo, however, there is room for 

improvement in all cases. The daylight simulation was the most technically advanced 

analysis, but it was still a static analysis carried out under a fixed sky condition. The solar 

heat gains and thermal losses analyses also involved simplified, static calculations. Thus, 

all the analyses could stand development. 
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The ability to perform more detailed analyses is currently limited by the state of the tools 

available in Dynamo. Honeybee and Ladybug are the leading environmental analysis tools 

of their type in the package manager, but they are still limited in their application, when 

compared to their Grasshopper versions. Honeybee in Dynamo has only 13 nodes, 

compared to over 200 components in Grasshopper. Ladybug is similar, with 15 nodes in 

Dynamo and well over 100 components in Grasshopper. 

 

The comparison with Grasshopper provides a clear path of development of functionality 

for Honeybee and Ladybug in Dynamo. In terms of daylight, it is likely that the ability to 

perform annual daylight simulations will soon be added to Honeybee, through connection 

to the Daysim simulation engine. This will allow the use of dynamic daylight metrics, such 

as daylight autonomy (DA) and useful daylight illuminance (UDI). In terms of solar heat 

gains, it is likely that the ability to simulate peak solar irradiance will soon be added, 

allowing accurate irradiance values on windows to replace simple generic values. In 

terms of thermal losses, it is likely that the ability to perform dynamic, whole-building 

energy analysis will be provided through connection to OpenStudio and EnergyPlus. All 

of these simulations will be able to use location-specific annual weather data, provided in 

EPW format. 

 

In connection with the last point of the previous section; as development of Honeybee and 

Ladybug progresses in Dynamo, it is likely that integration with the parametric workflow 

will be more fully realised. This will hopefully mean that building geometry and 

information will only need to be processed in Honeybee once, before it can be used to 

conduct all required simulations. 

The Dynamo Graphic Standard 

The use of standards for good practice is beneficial in most cases. In this case, 

implementing the standard was very worthwhile, both in a collaborative and individual 

sense. Collaboratively, it ensured the definition was easier to read and understand for 

others. Whilst individually, it encouraged clarity of thought and helped to prevent 

mistakes and facilitate improvement. As a definition grows and develops, it is easy to 

become overwhelmed and to lose track of the processes running inside – the standard 

minimised this effect. It should also be noted that upgrading an existing definition takes 

considerably more time and effort than implementing the standard from the outset. Thus, 

use of the standard should be considered as early as possible in development. 
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The guidelines for use (contained in the custom node) were quite limited, which could 

lead to different interpretations between users. It was also not explicitly stated how to 

treat code-block nodes, which seem to stand somewhere between ‘input’ and ‘design’ in 

the standard. In this study, simple calculations in code-blocks were considered as ‘input’, 

whilst more complex calculations with many parameters were considered as ‘design’. 

Furthermore, in this study, ‘input’ modules were positioned directly adjacent to the 

‘design’ modules which they served. This made inputs easier to keep track of. However, it 

goes against the standard, which states that inputs should be positioned to the left of the 

definition, under ‘User Interface’. 

The Tabulated Results of the Study 

The daylight results exhibited a decaying positive relationship to GWR, as expected. The 

increase in daylight becomes very limited beyond around 40% GWR, in agreement with 

Flodberg, Blomsterberg & Dubois (2012), suggesting that an efficient GWR should be 

limited to approximately 40%. The room depth was constant between all rooms, as 

expected. The area achieving 2% DF was about 40% less for non-corner rooms, which is 

reasonable as the glazed area was halved. Both the room depth (calculated as twice the 

1% DF depth) and the area achieving 2% DF (calculated based on the room depth and 2% 

DF depth) exhibited a similar trend, which is to be expected. In this case, the room depth 

provides an estimate of a suitable room size for the given GWR, inspired by minimum 

daylight requirements in Boverket (2016). The daylight may be considered conservative 

in terms of the material reflectances and the LT-value of the glazing. This effect may be 

balanced, however, as the conditions of the floor-level may be considered non-

conservative. Usually, the ground floor receives the least daylight, as it is overshadowed 

by surrounding buildings. This is in spite of the fact that it receives the most light reflected 

from the exterior ground surface. In this study, however, there were no surrounding 

buildings to overshadow the level. 

 

The area achieving 2% DF provides an additional metric, that indicates the room area 

achieving a good level of daylight, inspired by requirements in BRE Global (2016). If the 

GWR is limited to 40%, the room area achieving 2% DF is 33% for non-corner rooms and 

55% for corner rooms. This means that approximately 50-80% of the area would achieve 

an average of 2% DF, depending on the type of room. BRE Global (2016) commonly 

requires an average of 2% DF across 80% of the room area, depending on the usage. This 

indicates that the standard given in Boverket (2016) can give way to good daylighting in 
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corner rooms, but needs to be significantly exceeded if the same is to be achieved in rooms 

with only 1 facade glazed. 

 

The solar heat gains results exhibited a positive linear relationship to GWR and 

decreasing the value of gsyst significantly reduced the magnitude of the results, as 

expected. Non-corner rooms exhibited approximately 65% lower results than corner 

rooms (excluding north-facing), which was also expected. It is interesting to note, that 

even though the room area was increasing with GWR, this did not significantly limit the 

increase in solar heat gains, highlighting the importance of limiting GWR to control 

cooling loads. The magnitude of the results relies very much on the values of peak solar 

irradiance given in SGBC (2017). The accuracy of the calculations could be improved by 

conducting a location-specific and more orientation-sensitive study into the solar 

irradiance on the glazed surfaces. It could also be interesting to consider the interaction 

between g-value and LT-value, for the glazing. This interaction was omitted from the 

study, as the LT-value was taken as a constant conservative value. It is likely that as g-

value decreases the LT-value would also decrease, influencing the daylight results. 

Variations in U-value could also be considered. 

 

The thermal losses results exhibited an interesting relationship to GWR. Initially 

beginning high, then rapidly decreasing to a minimum at around 30% GWR, followed by 

a linear increase. This behaviour is likely due to the changing room depth, but suggests 

that an optimal GWR for reduced thermal losses would lie around 30%.  It should be noted 

that the thermal losses for a room will be slightly higher than those for a similar building 

with multiple floors, as the footprint remains the same when more floors are added. 

Again, similarly to daylight and solar heat gains, the thermal losses were lower for non-

corner rooms (around 20% lower). This value seems reasonable, as transmission losses 

through the facade form only part of the total losses. 

The Results of the Optimisation 

The optimisation suggests that an optimal GWR for daylight, solar heat gains and thermal 

losses lies somewhere in the range 30-53%, for east, south and west-facing rooms. For 

rooms facing only north, the optimal range is 51-53%. The higher values here are 

provided by an optimisation between daylight and thermal losses. From the tabulated 

results, it is clear that the increase in thermal losses with GWR was far less onerous than 

the increase in solar heat gains. Accordingly, it seems that this upper limit should be taken 

with some caution. If the upper limit is disregarded (for all rooms except those facing only 
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north), the range for the optimum GWR falls to 30-34% which is significantly lower. Thus, 

perhaps a more realistic range for reducing overall energy consumption should be 30-

40% for east, south and west-facing rooms. The optimal GWR for rooms facing only north 

would remain at around 50%. Comparing these optimised results with the tabulated 

results, yields that east, south and west-facing rooms can achieve an optimal room depth 

of around 9.5-11.5m, with 1% DF at the half-room depth. In the same manner, rooms 

facing only north can achieve an optimal room depth of 13m. 

 

The optimisation used a graphical method to select the optimum GWR for 2 factors. As 

the data is scaled to a 0-1 range in order to do this, information is lost about the original 

range of the data. This is evident in the curve for solar heat gains, which remained 

constant even under changes in gsyst. This information can be important, as identified in 

the previous paragraph, with respect to the comparison between thermal losses and solar 

heat gains. The optimisation also considers daylight as always a positive factor and solar 

heat gains and thermal losses as always negative. This is not true in reality, as too much 

daylight can introduce problems with glare, whilst solar heat gains can help to reduce 

heating loads in winter and thermal losses can help to reduce cooling loads in summer. 

Another interesting way to think about optimisation could be in terms of energy 

consumed through artificial lighting, cooling and heating. This could take into account the 

positive aspects of solar heat gains and thermal losses. An annual daylight simulation 

could be used to measure daylight autonomy and suggest how many annual hours a space 

is likely to be artificially lit. Dynamic simulations for solar heat gains and thermal losses 

would also be valuable here.  
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CHAPTER 7 – Conclusion 

Conclusions Drawn from Results 

- The Revit-Dynamo workflow was found to be very effective for the development of 

environmental analysis definitions, suited to specific projects. However, significant 

further development and testing would be required to extend their application to 

multiple different projects, due to the nature of the parametric workflow. 

- Standardisation of modelling practices and the development and diversification of 

Dynamo packages is likely to facilitate the development of definitions that can be 

successfully applied to multiple different projects. 

- Environmental analysis in Dynamo, using Honeybee and Ladybug, was found 

currently to be very limited, as the packages are still in a relatively early stage of 

development. 

- Future development of Honeybee and Ladybug is likely to provide much more 

extensive, dynamic and integrated analysis capabilities; including annual daylight, 

peak solar heat gains and whole-building energy simulations. 

- The Dynamo Graphic Standard, developed at White, was found to be a significant 

enhancement to the development of Dynamo definitions and applicable to both 

individual and collaborative developments. 

- An optimal glazing-to-wall ratio (GWR), with respect to daylight, solar heat gains and 

thermal losses, was found to lie in the range of 30-40% for east, south and west-facing 

rooms and around 50% for rooms facing only north. 

- Accordingly, the room depth achieving 1% daylight-factor (DF) at the half-room 

depth was found to lie in the range of 9.5-11.5m for east, south and west-facing rooms 

and around 13m for rooms facing only north. 

- In this case, the room-area achieving 2% DF was found to be 33% for rooms with 1 

glazed facade and 55% for rooms with 2 perpendicular facades glazed, indicating that 

the daylighting for rooms with 1 glazed facade would fall significantly short of 

standards commonly required for BREEAM new-constructions. 
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Recommendations for Further Study 

- The ability to analyse peak solar irradiance on windows, informed by a location-

specific weather file, will soon be available in Honeybee. The results of this simulation 

would be able to provide more accurate, orientation dependent irradiance values 

which could be used to perform enhanced solar heat gains analyses in further studies. 

- The interaction between g-value, LT-value and U-value for specific window 

constructions would be a valuable addition to a further study, able to more accurately 

represent the interaction between daylight, solar heat gains and thermal losses. 

- The use of dynamic simulations, including daylight autonomy and whole-building 

energy simulation, which may soon be available in Honeybee, could be used in a 

further study to optimise daylight, solar heat gains and thermal losses by considering 

the energy consumed through artificial lighting, cooling and heating. 

- The consideration of glare would be a valuable addition to further studies, in order 

to provide information about the negative effects of daylight and more accurately 

understand the conditions required for optimal daylighting. 
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APPENDICES 

Appendix A: Validation of the Dynamo Definition 

Daylight Simulation 

 

Figure A1 – Visual results comparison for the Velux (left) and Radiance (right) daylight simulations 

– 50% GWR, all rooms 

Figure A1 (above) shows the visual results from the Velux simulation and the Radiance 

simulation, for 50% GWR. The 1% DF contour is represented in the Velux results by the 

dark red line. In the Radiance results, it is represented by the edge of the deep red zone. 

In both cases, the lines are in the same position, approximately 6.5m from the glazed 

facades. In order to conduct the simulation, the Revit model was exported in DWG format 

and then imported into Velux Daylight Vizualiser. 

Solar Heat Gains Analysis 

The calculation below is for Room 2 – West, with 50% GWR. 

 

𝑆𝑜𝑙𝑎𝑟 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒  𝐸1 = 800 𝑊/𝑚2 
𝑆𝑜𝑙𝑎𝑟 𝑓𝑎𝑐𝑡𝑜𝑟  𝑔𝑠𝑦𝑠𝑡 = 0.7 

𝐺𝑙𝑎𝑠𝑠 𝑎𝑟𝑒𝑎  𝐴𝑔𝑙𝑎𝑠𝑠 = 19.5 𝑚2 

𝑅𝑜𝑜𝑚 𝑎𝑟𝑒𝑎  𝐴𝑟𝑜𝑜𝑚 = 169 𝑚2 
 

𝑆𝐻𝐺 = 𝐸1 ∙ 𝑔𝑠𝑦𝑠𝑡 ∙
𝐴𝑔𝑙𝑎𝑠𝑠

𝐴𝑟𝑜𝑜𝑚
= 800 ∙ 0.7 ∙

19.5

169
= 𝟔𝟒. 𝟔 𝑾/𝒎𝟐 

 

The result from Dynamo was 62.0 W/m2. The difference in results can be attributed to 

the fact that the window frames in Revit have a small area, due to the family setup. This 
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subtracts from the area of glazing in the calculation in Dynamo, which is not accounted 

for in the hand calculation. 

Thermal Losses Analysis 

 

Figure A2 – Miljöbyggnad Indicator 1 assessment spreadsheet 

– 50% GWR, Room 2 (West)  

Figure A2 (above) shows the spreadsheet provided by SGBC, for calculation of thermal 

losses according to Miljöbyggnad Indicator 1. The formulas contained in the spreadsheet 

should be identical to the formulas programmed into Dynamo. The spreadsheet has been 

completed for Room 2 – West, with 50% GWR. The result (rounded to the nearest integer) 

is 34 W/m2 Atemp, which is very close to the Dynamo result of 34.2 W/m2.
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Appendix B: Complete Tables of Results 

Room 1 – Southwest 

Table B1 – Complete results for Room 1 (Southwest) 

GWR Room Depth (m) Room Area ≥ 2% DF (%) 
Solar Heat Gains (W/m2) 

[g=0.7] 
Solar Heat Gains (W/m2) 

[g=0.5] 
Solar Heat Gains (W/m2) 

[g=0.3] 
Solar Heat Gains (W/m2) 

[g=0.1] Thermal Losses (W/m2) 

Result 1/Result 1/Result Scaled Result 1/Result 1/Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled 

5 1,5 0,678 1,000 82,6 0,012 0,000 140,9 0,205 100,6 0,205 60,4 0,205 20,1 0,205 67,2 1,000 

10 3,7 0,270 0,349 41,1 0,024 1,000 116,5 0,000 83,2 0,000 49,9 0,000 16,6 0,000 46,8 0,235 

15 5,2 0,193 0,227 45,6 0,022 0,802 127,3 0,090 90,9 0,090 54,5 0,090 18,2 0,090 43,9 0,126 

20 6,6 0,151 0,158 48,0 0,021 0,715 133,3 0,141 95,2 0,141 57,1 0,141 19,0 0,141 42,2 0,066 

25 7,9 0,127 0,121 50,6 0,020 0,626 141,4 0,209 101,0 0,209 60,6 0,209 20,2 0,209 41,6 0,043 

30 9,6 0,104 0,084 50,3 0,020 0,637 139,8 0,196 99,9 0,196 59,9 0,196 20,0 0,196 40,5 0,000 

35 10,3 0,097 0,072 52,3 0,019 0,573 152,1 0,299 108,7 0,299 65,2 0,299 21,7 0,299 40,9 0,015 

40 11,6 0,086 0,056 55,1 0,018 0,494 155,8 0,330 111,3 0,330 66,8 0,330 22,3 0,330 40,6 0,006 

45 12,6 0,080 0,045 54,3 0,018 0,516 162,0 0,382 115,7 0,382 69,4 0,382 23,1 0,382 40,7 0,008 

50 13,0 0,077 0,040 55,2 0,018 0,492 173,5 0,479 123,9 0,479 74,4 0,479 24,8 0,479 41,3 0,030 

55 14,0 0,071 0,032 56,7 0,018 0,452 177,7 0,515 127,0 0,515 76,2 0,515 25,4 0,515 41,3 0,030 

60 14,5 0,069 0,028 57,4 0,017 0,434 187,7 0,598 134,0 0,598 80,4 0,598 26,8 0,598 41,8 0,049 

65 15,3 0,066 0,023 57,3 0,017 0,436 193,7 0,649 138,4 0,649 83,0 0,649 27,7 0,649 42,0 0,057 

70 15,5 0,065 0,021 57,6 0,017 0,429 205,6 0,749 146,9 0,749 88,1 0,749 29,4 0,749 42,7 0,082 

75 16,5 0,061 0,015 57,9 0,017 0,423 207,3 0,763 148,1 0,763 88,8 0,763 29,6 0,763 42,6 0,080 

80 16,7 0,060 0,013 57,2 0,017 0,440 218,1 0,854 155,8 0,854 93,5 0,854 31,2 0,854 43,2 0,103 

85 18,0 0,056 0,007 57,7 0,017 0,428 216,1 0,837 154,4 0,837 92,6 0,837 30,9 0,837 42,9 0,091 

90 18,2 0,055 0,006 58,0 0,017 0,421 225,9 0,920 161,4 0,920 96,8 0,920 32,3 0,920 43,5 0,112 

95 18,7 0,053 0,003 59,3 0,017 0,389 232,3 0,974 166,0 0,974 99,6 0,974 33,2 0,974 43,8 0,125 

100 19,4 0,051 0,000 58,3 0,017 0,412 235,5 1,000 168,2 1,000 100,9 1,000 33,6 1,000 43,9 0,128 

MIN 1,5 0,1 0,0 41,1 0,0 0,0 116,5 0,0 83,2 0,0 49,9 0,0 16,6 0,0 40,5 0,0 

MAX 19,4 0,7 1,0 82,6 0,0 1,0 235,5 1,0 168,2 1,0 100,9 1,0 33,6 1,0 67,2 1,0 
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Room 2 – West 

 

Table B2 – Complete results for Room 2 (West) 

GWR Room Depth (m) Room Area ≥ 2% DF (%) 
Solar Heat Gains (W/m2) 

[g=0.7] 
Solar Heat Gains (W/m2) 

[g=0.5] 
Solar Heat Gains (W/m2) 

[g=0.3] 
Solar Heat Gains (W/m2) 

[g=0.1] Thermal Losses (W/m2) 

Result 1/Result 1/Result Scaled Result 1/Result 1/Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled 

5 1,5 0,678 1,000 58,3 0,017 0,000 50,3 0,205 36,0 0,205 21,6 0,205 7,2 0,205 47,1 1,000 

10 3,7 0,270 0,349 23,2 0,043 1,000 41,6 0,000 29,7 0,000 17,8 0,000 5,9 0,000 36,9 0,235 

15 5,2 0,193 0,227 26,3 0,038 0,809 45,5 0,090 32,5 0,090 19,5 0,090 6,5 0,090 35,5 0,126 

20 6,6 0,151 0,158 27,9 0,036 0,724 47,6 0,141 34,0 0,141 20,4 0,141 6,8 0,141 34,7 0,066 

25 7,9 0,127 0,121 29,7 0,034 0,638 50,5 0,209 36,1 0,209 21,7 0,209 7,2 0,209 34,4 0,043 

30 9,6 0,104 0,084 29,5 0,034 0,648 49,9 0,196 35,7 0,196 21,4 0,196 7,1 0,196 33,8 0,000 

35 10,3 0,097 0,072 30,9 0,032 0,586 54,4 0,299 38,8 0,299 23,3 0,299 7,8 0,299 34,0 0,015 

40 11,6 0,086 0,056 33,0 0,030 0,509 55,7 0,330 39,8 0,330 23,9 0,330 8,0 0,330 33,9 0,006 

45 12,6 0,080 0,045 32,4 0,031 0,530 57,9 0,382 41,3 0,382 24,8 0,382 8,3 0,382 33,9 0,008 

50 13,0 0,077 0,040 33,1 0,030 0,506 62,0 0,479 44,3 0,479 26,6 0,479 8,9 0,479 34,2 0,030 

55 14,0 0,071 0,032 34,2 0,029 0,467 63,5 0,515 45,4 0,515 27,2 0,515 9,1 0,515 34,2 0,030 

60 14,5 0,069 0,028 34,7 0,029 0,450 67,0 0,598 47,9 0,598 28,7 0,598 9,6 0,598 34,4 0,049 

65 15,3 0,066 0,023 34,7 0,029 0,452 69,2 0,649 49,4 0,649 29,7 0,649 9,9 0,649 34,5 0,057 

70 15,5 0,065 0,021 34,9 0,029 0,444 73,5 0,749 52,5 0,749 31,5 0,749 10,5 0,749 34,9 0,082 

75 16,5 0,061 0,015 35,1 0,028 0,438 74,1 0,763 52,9 0,763 31,7 0,763 10,6 0,763 34,8 0,080 

80 16,7 0,060 0,013 34,6 0,029 0,455 77,9 0,854 55,7 0,854 33,4 0,854 11,1 0,854 35,1 0,103 

85 18,0 0,056 0,007 34,9 0,029 0,444 77,2 0,837 55,2 0,837 33,1 0,837 11,0 0,837 35,0 0,091 

90 18,2 0,055 0,006 35,2 0,028 0,437 80,7 0,920 57,7 0,920 34,6 0,920 11,5 0,920 35,3 0,113 

95 18,7 0,053 0,003 36,2 0,028 0,405 83,0 0,974 59,3 0,974 35,6 0,974 11,9 0,974 35,4 0,125 

100 19,4 0,051 0,000 35,5 0,028 0,427 84,1 1,000 60,1 1,000 36,1 1,000 12,0 1,000 35,5 0,128 

MIN 1,5 0,1 0,0 23,2 0,0 0,0 41,6 0,0 29,7 0,0 17,8 0,0 5,9 0,0 33,8 0,0 

MAX 19,4 0,7 1,0 58,3 0,0 1,0 84,1 1,0 60,1 1,0 36,1 1,0 12,0 1,0 47,1 1,0 
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Room 3 – Northwest 

 

Table B3 – Complete results for Room 3 (Northwest) 

GWR Room Depth (m) Room Area ≥ 2% DF (%) 
Solar Heat Gains (W/m2) 

[g=0.7] 
Solar Heat Gains (W/m2) 

[g=0.5] 
Solar Heat Gains (W/m2) 

[g=0.3] 
Solar Heat Gains (W/m2) 

[g=0.1] Thermal Losses (W/m2) 

Result 1/Result 1/Result Scaled Result 1/Result 1/Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled 

5 1,5 0,678 1,000 82,6 0,012 0,000 50,3 0,205 36,0 0,205 21,6 0,205 7,2 0,205 67,2 1,000 

10 3,7 0,270 0,349 41,1 0,024 1,000 41,6 0,000 29,7 0,000 17,8 0,000 5,9 0,000 46,8 0,235 

15 5,2 0,193 0,227 45,6 0,022 0,802 45,5 0,090 32,5 0,090 19,5 0,090 6,5 0,090 43,9 0,126 

20 6,6 0,151 0,158 48,0 0,021 0,715 47,6 0,141 34,0 0,141 20,4 0,141 6,8 0,141 42,2 0,066 

25 7,9 0,127 0,121 50,6 0,020 0,626 50,5 0,209 36,1 0,209 21,7 0,209 7,2 0,209 41,6 0,043 

30 9,6 0,104 0,084 50,3 0,020 0,637 49,9 0,196 35,7 0,196 21,4 0,196 7,1 0,196 40,5 0,000 

35 10,3 0,097 0,072 52,3 0,019 0,573 54,4 0,299 38,8 0,299 23,3 0,299 7,8 0,299 40,9 0,015 

40 11,6 0,086 0,056 55,1 0,018 0,494 55,7 0,330 39,8 0,330 23,9 0,330 8,0 0,330 40,6 0,006 

45 12,6 0,080 0,045 54,3 0,018 0,516 57,9 0,382 41,3 0,382 24,8 0,382 8,3 0,382 40,7 0,008 

50 13,0 0,077 0,040 55,2 0,018 0,492 62,0 0,479 44,3 0,479 26,6 0,479 8,9 0,479 41,3 0,030 

55 14,0 0,071 0,032 56,7 0,018 0,452 63,5 0,515 45,4 0,515 27,2 0,515 9,1 0,515 41,3 0,030 

60 14,5 0,069 0,028 57,4 0,017 0,434 67,0 0,598 47,9 0,598 28,7 0,598 9,6 0,598 41,8 0,049 

65 15,3 0,066 0,023 57,3 0,017 0,436 69,2 0,649 49,4 0,649 29,7 0,649 9,9 0,649 42,0 0,057 

70 15,5 0,065 0,021 57,6 0,017 0,429 73,5 0,749 52,5 0,749 31,5 0,749 10,5 0,749 42,7 0,082 

75 16,5 0,061 0,015 57,9 0,017 0,423 74,1 0,763 52,9 0,763 31,7 0,763 10,6 0,763 42,6 0,080 

80 16,7 0,060 0,013 57,2 0,017 0,440 77,9 0,854 55,7 0,854 33,4 0,854 11,1 0,854 43,2 0,103 

85 18,0 0,056 0,007 57,7 0,017 0,428 77,2 0,837 55,2 0,837 33,1 0,837 11,0 0,837 42,9 0,091 

90 18,2 0,055 0,006 58,0 0,017 0,421 80,7 0,920 57,7 0,920 34,6 0,920 11,5 0,920 43,5 0,113 

95 18,7 0,053 0,003 59,3 0,017 0,389 83,0 0,974 59,3 0,974 35,6 0,974 11,9 0,974 43,8 0,125 

100 19,4 0,051 0,000 58,3 0,017 0,412 84,1 1,000 60,1 1,000 36,1 1,000 12,0 1,000 43,9 0,128 

MIN 1,5 0,1 0,0 41,1 0,0 0,0 41,6 0,0 29,7 0,0 17,8 0,0 5,9 0,0 40,5 0,0 

MAX 19,4 0,7 1,0 82,6 0,0 1,0 84,1 1,0 60,1 1,0 36,1 1,0 12,0 1,0 67,2 1,0 
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Room 4 – North 

 

Table B4 – Complete results for Room 4 (North) 

GWR Room Depth (m) Room Area ≥ 2% DF (%) 
Solar Heat Gains (W/m2) 

[g=0.7] 
Solar Heat Gains (W/m2) 

[g=0.5] 
Solar Heat Gains (W/m2) 

[g=0.3] 
Solar Heat Gains (W/m2) 

[g=0.1] Thermal Losses (W/m2) 

Result 1/Result 1/Result Scaled Result 1/Result 1/Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled Result Result Scaled 

5 1,5 0,678 1,000 58,3 0,017 0,000 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 47,1 1,000 

10 3,7 0,270 0,349 23,2 0,043 1,000 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 36,9 0,235 

15 5,2 0,193 0,227 26,3 0,038 0,809 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 35,5 0,126 

20 6,6 0,151 0,158 27,9 0,036 0,724 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,7 0,066 

25 7,9 0,127 0,121 29,7 0,034 0,638 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,4 0,043 

30 9,6 0,104 0,084 29,5 0,034 0,648 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 33,8 0,000 

35 10,3 0,097 0,072 30,9 0,032 0,586 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,0 0,015 

40 11,6 0,086 0,056 33,0 0,030 0,509 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 33,9 0,006 

45 12,6 0,080 0,045 32,4 0,031 0,530 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 33,9 0,008 

50 13,0 0,077 0,040 33,1 0,030 0,506 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,2 0,030 

55 14,0 0,071 0,032 34,2 0,029 0,467 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,2 0,030 

60 14,5 0,069 0,028 34,7 0,029 0,450 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,4 0,049 

65 15,3 0,066 0,023 34,7 0,029 0,452 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,5 0,057 

70 15,5 0,065 0,021 34,9 0,029 0,444 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,9 0,082 

75 16,5 0,061 0,015 35,1 0,028 0,438 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 34,8 0,080 

80 16,7 0,060 0,013 34,6 0,029 0,455 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 35,1 0,103 

85 18,0 0,056 0,007 34,9 0,029 0,444 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 35,0 0,091 

90 18,2 0,055 0,006 35,2 0,028 0,437 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 35,3 0,113 

95 18,7 0,053 0,003 36,2 0,028 0,405 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 35,4 0,125 

100 19,4 0,051 0,000 35,5 0,028 0,427 0,0 0,000 0,0 0,000 0,0 0,000 0,0 0,000 35,5 0,128 

MIN 1,5 0,1 0,0 23,2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 33,8 0,0 

MAX 19,4 0,7 1,0 58,3 0,0 1,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 47,1 1,0 
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