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Abstract 

This paper first analyses the current exchange of optical 

and calorimetric data. A large amount of manual work is 

necessary for manufacturers to supply numerous data 

formats and for planners to access product data, to check 

the quality and to use it for building performance 

simulation. 

Therefore, this paper proposes a system of databases 

which use the same specification for their application 

programming interfaces. This enables fast and cost-

efficient building performance simulations and makes it 

easy for manufacturers to manage their product data. 

The International Glazing and Shading Database and the 

European Solar-Shading Database will use the new 

interface to offer high-quality data for many glazing and 

shading components. 

Key Innovations 

• Find optical and calorimetric data about 

interesting components easily  

• Perform fast and high-quality building 

simulations with product data from the cloud 

• One “common language” to exchange optical 

and calorimetric data 

• Easy use of innovative products 

Practical Implications 

• Use building simulation software that can use 

product data from the International Glazing and 

Shading Database and the European Solar-

Shading Database automatically.  

• Avoid copying product data manually.  

• Avoid reformatting product data manually. 

• Find the data sets which fit best to your case. 

Introduction 

Well-designed glazing and shading can reduce the 

energy demand, provide thermal and visual comfort, 

reduce the construction costs and contribute to the 

aesthetic quality of a building. When Building 

Performance Simulation (BPS) is used to compare 

glazing and shading products, detailed optical and 

calorimetric data is needed. An example for detailed 

optical data is an angle-dependent and spectrally 

resolved transmittance. An example of detailed 

calorimetric data is an angle-dependent solar heat gain 

coefficient (SHGC, also known as g value, solar factor 

and total solar energy transmittance). However, current 

formats for Building Information Modelling (BIM) do 

not offer a standardized way to exchange detailed optical 

and calorimetric data.  

Industry Foundation Classes (ISO 16739-1 2018) offer a 

data schema with many properties which are needed for 

BIM. Neither IfcWindow nor IfcCurtainWall directly 

offers optical properties. There is a 

Pset_MaterialOptical, but it is unclear how this can be 

connected to a glazing of IfcWindow or IfcCurtainWall 

in a standardized way. Only IfcDoor offers the option 

with Pset_DoorWindowGlazingType to define some 

optical properties of the glazing of the door and even the 

SHGC of the glazing of the door. For IfcWindow and 

IfcCurtainWall, there seems to be no way to add the 

solar heat gain coefficient property, because IfcMaterial 

does not include Pset_DoorWindowGlazingType. 

IFC offers the feature for users to define their own 

IfcPropertySet with their own properties, which can also 

be a complex data structure. This is not well suited for 

automation because each user may define the properties 

differently. 

gbXML (gbXML 2020) has the WindowType with the 

option to define many helpful properties: The U value 

and the solar heat gain coefficient even with the option 

to define an incidence angle. The transmittance and 

reflectance can be defined as an integrated value for the 

visible, the solar and the infrared spectrum for each glass 

pane and shading layer. However, calculating the optical 

properties of multi-layer windows only on the basis of 

integrated values can lead to significant error if 

spectrally selective layers are involved. The degree of 

detail is limited similarly to IFC’s Pset_MaterialOptical, 

but there is a standardized way to attach the data to each 

glass pane or shading layer that facilitates automated 

use.  

The proprietary software Revit (Revit 2020) offers by 

default for windows the visible transmittance, the solar 

heat gain coefficient and the U value. The properties can 

be extended by editing manually Constructions.xml. 

Similar to the user-defined IfcPropertySets, there are 

many degrees of freedom which is a barrier for 

automation. 

Current BIM libraries for product data like (NBS 2020; 

BIMobject 2020) focus on geometry and classifications. 

Optical and calorimetric data is sometimes mentioned in 
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the description of a product and is therefore difficult to 

be used in an automated way. 

Linked Data provides for example the SAREF4BLDG 

(ETSI 2020) as an extension of the schemas provided by 

IFC. For ShadingDevice, this allows the definition of the 

visible and solar transmittance and reflectance similar to 

IFC’s Pset_MaterialOptical and gbXML’s WindowType. 

In summary, there is no standardized way in BIM to 

exchange optical data that involves 

• other options than near-normal incidence and 

hemispherical emergence  

• differentiation between direct and diffuse 

incidence or emergence 

• spectra 

• polarization 

• references to standards 

There is also no standardized way to exchange 

calorimetric data in BIM that involves 

• definition of the boundary conditions 

• energy flux due to ventilation of gaps, solar 

thermal or photovoltaic components  

• incidence from specific directions 

• switchable glazing and shading 

This is crucial, because BPS needs this detailed data to 

compare combinations of glazing and shading for 

example regarding the heating and cooling demand, 

glare, thermal comfort and daylighting. 

This paper first presents a theoretical analysis of the 

current challenges for manufacturers and planners. The 

term “planners” is used in this paper as a synonym for all 

architects and engineers in Architecture, Engineering 

and Construction (AEC) who are involved in the 

planning of building envelopes.  

As a result of the analysis, a system of databases is 

proposed which increases the efficiency of the planning 

process. The advantages and disadvantages of the new 

concept are discussed before concluding with the most 

important aspects. 

Theory 

The theoretical analysis of the current use of optical and 

calorimetric product data begins with the illustration of 

typical challenges for the stakeholders. It then addresses 

current formats for optical data. Finally, this section 

analyses the barriers for wide-spread use of this product 

data from the point of view of the most important 

stakeholders and outlines a vision for the future. 

Figure 1 illustrates typical challenges, which 

manufacturers of glazing and shading face today. On the 

one hand, they receive data for example from 

laboratories. This data has in general heterogeneous 

content as well as formats. A subset of this content is 

made available directly for planners in a suitable form. 

Other subsets are submitted to databases of associations 

e.g. the European Solar-Shading Database (ES-SDA) 

and the International Glazing and Shading Database 

(IGSDB). 

ES-SDA is created and managed by the European Solar 

Shading Organisation (ES-SO). IGSDB is created and 

managed by the Lawrence Berkeley National Laboratory 

(LBNL) on behalf of the National Fenestration Rating 

Council (NFRC) and the Attachment Energy Rating 

Council (AERC). For each submission to a database, a 

certain data format is required. 

Planners can use these databases for their BPS for 

example with EnergyPlus. Some BPS software has 

predefined product data stored in its applications. 

Therefore, manufacturers consider placing their product 

data in these data pools or they address the matter when 

a large building project asks for this.   

 

Figure 1: Overview of the current situation for some manufacturers of glazing and shading. 
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Apart from detailed BPS, there are many simplified 

approaches, e.g. to calculate heating and cooling loads. 

Often, it is not clear which parameters can be 

recommended to the planner. 

When looking at the formats of optical data, there is a 

wide range. Often, a limited number of values like 

visible transmittance, SHGC and U value are provided 

by the manufacturer in a datasheet and by associations 

on a website. This data usually has a low level of detail, 

is valid for the center of glazing and near-normal 

incidence and is integrated over the visible or solar 

spectrum. It needs to be copied manually into BPS 

software.  

With an intermediate level of detail, optical results can 

be exchanged with spectral resolution. There are several 

formats to exchange spectra. Especially the formats 

(WIS 2002; LBNL) are actively used. 

The most detailed optical data is measured with 

photogoniometers. The direction of the incident radiation 

can be defined as well as the direction for detecting the 

emergent radiation. Therefore, such data is called 

bidirectional. The results are usually presented as 

Bidirectional Scattering Distribution Functions (BSDF). 

For example, one data point of a BSDF can refer to 

transmission for a certain direction of incidence and a 

certain direction and solid angle of emergence. 

Additionally, the wavelengths and polarization can be 

defined for the incident or emergent radiation. Such 

bidirectional data is needed for example to evaluate 

roller blinds regarding glare, but it is also used to 

compare the energy performance of venetian blinds. 

It is obvious that the manual copying of optical data with 

little detail is a barrier for automated use. Regarding 

optical data with intermediate or high levels of detail, the 

first challenge for manufacturer is the number of formats 

required by stakeholders. Secondly, the formats are 

described in documents, but usually there is no schema 

available to validate files. Therefore, there are often 

problems with invalid files. Thirdly, the files contain 

much implicit information, which may be accessible to 

experts who learn to understand a format, but which 

cannot be read and understood by machines. For 

example, the directions of the incidence and emergence 

angles may not be defined in a file at all, but be coded in 

the name of the file. 

Another challenge with optical data of all levels of detail 

is that information about the standards applied to 

determine the data is either missing or cannot be 

extracted reliably by software. However, there is a 

difference between the solar transmittance according to 

EN 410 and the solar transmittance according to ISO 

9050 and it is relevant to those who build to know 

whether their building complies with the local 

regulations or not. 

In many cases, files with optical data do not contain 

information about who created them according to which 

method. This is a barrier for efficiency, because planners 

often do not know whether the data has the necessary 

quality. 

Because of the importance of detailed optical data for 

BPS, methods were developed to perform optical 

simulations with bidirectional optical data (Crawley et 

al. 2001; Mitchell et al. 2019; Guglielmetti and Ball 

2016; Bueno et al. 2015; BCL 2020). These workflows 

are very valuable but limited to certain software. The file 

formats used by the workflows to exchange the BSDF 

data have similar issues, like intermediate and detailed 

file formats: much implicit information, the difficulty of 

managing the files and of validating the format. 

Very general formats like SimModel (O'Donnell 2012) 

do not provide a higher level of detail for optical data 

than other existing formats. They are neither intended 

nor suited to exchange the optical data of a single 

product. 

A general format for optical and calorimetric data would 

reduce the number of converters which are necessary to 

convert all formats into all other formats. 

Finally, manufacturers face the challenge of keeping the 

product data up to date in various formats at different 

locations. Developers of BPS software need to find a 

way that the best available product data can be used in 

their software. Planners face the challenge of finding 

current data about the product in which they are 

interested in the right format. 

Based on this analysis, the following vision would 

benefit all stakeholders: 

• a general format for optical and calorimetric product 

data which can represent all relevant current data 

• online availability of the product data 

• BPS software which uses this data directly  

Results 

Based on the vision of the theoretical analysis, a 

specification for an Application Programming Interfaces 

(API) was developed. Its target is to enable BPS to use 

optical and calorimetric product data with the highest 

possible degree of automation. 

Figure 2 illustrates a system of databases, which use the 

new API. Existing databases can implement it according 

to the specification and applications like BPS can use the 

API to query the databases. The database responses are 

formatted according to data schemas which make it easy 

for programmers to use them for their current BPS 

feature.   

Associations like the NFRC, AERC and ES-SO already 

have database with detailed optical and calorimetric 

product data. By implementing the new API, planners 

with programming experience can already access the 

most current version of a large amount of high-quality 

data. This can be helpful, for example, when BSDF data 

is needed for a glare evaluation, but it is not clear for 

which fabrics is such data available, or when the 

properties of a shading combined with a glazing need to 

be calculated. 

  

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
1165

 
 

https://doi.org/10.26868/25222708.2021.30197



 

 

  

Figure 2: Schematic drawing of a network of databases which share a common API specification. The APIs are 

indicated by the gear symbol and the clouds represent backend servers. Applications like BPS provide graphical user 

interfaces and are used to work with the data from the backend servers. 

In order to link the data of one product in several 

databases, a meta-database or metabase manages unique 

identifiers for components and institutions and metadata 

about them like name and description. It also provides a 

search function. When users query the metabase for data 

about a product, the query is forwarded to all databases 

and the results are merged into one response to the user. 

When dealing with innovative components in building 

projects, the necessary data may not yet be available in 

the databases, but urgently needed. For this case, 

laboratories can implement the API, characterise the 

component and offer the data to be used directly by BPS 

applications. 

When manufacturers implement the API in their 

databases, queries to the metabase for data about their 

products can return additional helpful information for 

planners beyond the data from associations and 

laboratories. A manufacturer database could for example 

offer images, drawings, brochures, manuals and how to 

request a quote. The proposed system of databases can 

also make it easier for manufacturers to present the 

current detailed product data on their website. When 

facade planners implement the API in their database, 

they can create new solutions for building envelopes 

based on layers from other databases. Each database is 

free to specify to whom it grants access to its data. 

Therefore, one solution may be shared only with the 

team of one building project but form the basis for an 

even further developed solution in a future project. 

Based on this concept, it was decided that the API 

specification is developed mainly for software 

developers and with the following design goals: 

• Facilitate re-use of the data schemas by keeping them 

modular. 

• Facilitate automated use by minimizing the number 

of valid variants. 

• Enable representation of all optical and calorimetric 

data which is currently relevant for BPS. 

• The meaning of a valid data set will be unambiguous. 

• The API should enable efficient data exchange. 

Figure 3 presents a small example for how a database 

can return a direct-hemispherical solar transmittance 

value according to ISO 9050. The component has a 

central identifier from the metabase and the optical data 

set has a decentral identifier issued by the database. If a 

measurement is not standardized, the method can 

nevertheless be defined by referencing a publication. In 

addition to the method, approvals can be added for 

example by NFRC. Methods and approvals help 

planners to search and select the right data sets.The API 

specification was developed in a transatlantic 

cooperation represented by the authors to cover all 

optical data which is relevant for the market today. 

Therefore, there are many options to define an optical 

data set. For example, the direction of incidence can be 

defined by a polar and an azimuth angle and a spectral 

resolution can be provided. The pre-release of the API 

specification is already available (Wacker and Maurer 

2020) and provides much more details than this paper 

can present. The API specification offers more than 5 

000 lines of data schemas and more than 20 000 lines of 

examples and tests. The API specification is published 

on GitHub so that further improvements and extensions 

can be proposed as forks.  

Associations Labs Manufacturers BIM Planners

Metabase

Applications
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Figure 4 presents an example of a query for the data sets 

of components which have a nearnormal-hemispherical 

visible transmittance greater than 0.55 and a SHGC less 

than 0.28. The query can be extended for example to 

limit the results to components of one manufacturer or to 

components which name contains a user-defined string.

The data schemas of the API specification make it easy 

for software developers to validate the format of data 

intended as input for their application. 

   

Figure 3: Example of a direct-hemispherical solar transmittance according to ISO 9050 in JavaScript Object Notation 

(JSON) according to the API specification.
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Figure 4: Example of a query for the data sets of components which have a nearnormal-hemispherical visible 

transmittance greater than 0.55 and a SHGC less than 0.28.

Discussion 

Like most innovations, the largest disadvantage of the 

new system of databases is the cost of the 

implementation. A reference implementation of a 

database with the API will be published in 2021, but 

database owners will need to add the new API to their 

existing databases.  

Software developers need to develop an additional 

feature so that their applications can use the current and 

detailed data from the system of databases. With this 

feature in a BPS software, planners can search and select 

interesting building envelope components from many 

manufacturers. The BPS then uses the detailed optical 

and calorimetric data of these components automatically 

from the databases. One advantage for software 

developers is the low maintenance cost after the 

implementation compared to maintaining their own 

product data pool or import procedures with dependence 

on many third parties.  

The largest advantage for planners is saving time for 

searching and comparing product data due to the 

increased level of automation. They do not need 

programming skills, they simply use BPS software with 

the new feature. Due to these savings, they can perform 

more BPS, find better solutions and save costs compared 

to data exchange which involves many manual steps. 

Therefore, software using the API will have a 

competitive advantage.  

When IGSDB and ES-SDA have finished the 

implementation of the new API, planners with good 

programming skills can already use the new API before 

BPS offers the new feature. For a practical use case of 

how this network of databases can be used for glare 

evaluation, please see (Bueno et al. 2021). The largest 

disadvantage for planners would be to be excluded from 

the large amount of current high-quality data due to 

software that is not able to process the data 

automatically.  

For manufacturers and database owners, the largest 

advantage is that their product data is probably used 

much more by planners. This increases the probability 

that the best-suited product is chosen for a building. 

Manufacturers who offer product data via the new API 

will have an advantage over manufacturers who do not. 

Manufacturers who submit their product data to 

databases with high quality standards have an advantage, 

because planners will prefer data from such sources. The 

submission procedure for databases does not need to 

change. But it could become easier for example by 

automated tests of the format.  

When a large BSDF data set is represented in a verbose 

format as in Figure 3, then the database response can be 

large. Therefore, a variant was developed which allows 

the exchange of such a “resource”, i.e. a large data set 

with a well-defined format. In this case, an additional 

valid variant was accepted to improve the efficiency in 

exchanging large data sets. 

Due to the availability of many data sets, a simple query 

to the metabase for all data about one component can 

result in a large database response. Therefore, the pure 

optical and calorimetric data was separated from 

metadata about the data sets. Such metadata may include 

the method according to which the data was created and 

approvals of this data by institutions. In this way, a first 

query for the metadata of the data sets can be used to 

select the right data sets, generated by a specific method 

and approved by trustworthy institutions. Then, a second 

query can deliver the selected data sets. 

There are many possibilities to use the system of 

databases. For each of these possibilities, a separate 

endpoint could be designed which would increase the 

implementation costs. Therefore, a single GraphQL 

endpoint was chosen (GraphQL 2020). It offers a very 

flexible way for software developers to request precisely 

the data which they need for their current application 

feature. This avoids unnecessary traffic and enables a 

higher speed of the BPS application. 

The search function is not a mandatory part of the 

metabase. It is simply a convenience for software 

developers who query the databases directly. If the 

metabase did not store metadata about components and 

institutions, then each database could return another 

name for the same product, for example. All information 
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that is needed by several databases should therefore be 

defined uniquely by the manufacturer in the metabase. 

The method according to which a data set was created 

can be described in many ways. Often, a reference to a 

standard or to a section of a standard is helpful. If the 

method is not yet standardized, a reference to a 

publication may be appropriate. If possible, this should 

be in the form of a digital object identifier, but at least as 

a uniform resource locator (URL) to download the 

publication.  

A higher quality in defining a method can be reached by 

a link to the source code of the calculation, because 

standards and publications typically allow some 

flexibility regarding the implementation. 

The highest quality of method definitions is the 

definition of an API endpoint to which a data set can be 

sent. The data-processing method is then applied to the 

original data set and the resulting data set is returned by 

the endpoint. Combined with a proper versioning of the 

endpoint, such “methods as a service” are unambiguous 

and therefore best suited to trace the creation process of 

a data set backwards. This traceability is important for 

user confidence in the data and is often necessary to 

evaluate whether the data has the required quality for 

BPS.  

In all ways to define a method, it is essential that the 

inputs and outputs of the method are precisely defined so 

that the creation of the data set can be reproduced. 

When optical and calorimetric data are needed as Linked 

Data (Berners-Lee 2006), the database responses in 

JSON can be converted into this data format. In the other 

direction, not all Linked Data graphs can be converted 

into the tree structure of data formats like JSON. 

However, GraphQL can be used to offer a simple query 

language, which allows only queries that do not 

compromise the performance of the database.  

Instead of a simple link to the unique identifier of the 

component, some BIM projects may want to store the 

optical and calorimetric data of a product explicitly. The 

easiest way is to define a query for that data and to store 

the result as JSON as a string in the BIM model of the 

component. However, it is difficult to interact with other 

stakeholders and use the data later in an automated way 

because this procedure is not standardized.  

In such a case, it seems better to translate the data 

schemas of the API specification for example to 

IfcPropertySets. In this way, the data structure of the 

API specification can be used within IFC files as a 

standardized way to exchange optical and calorimetric 

data.  

The best solution for automated use of the data would be 

that buildingSMART introduces the presented data 

structure for optical and calorimetric data into the next 

version of IFC. This would create an unambiguous and 

standardized way for BIM building projects and product 

databases to exchange optical and calorimetric data for 

BPS. 

The system of databases will have a similar speed as 

commercially hosted web services which include a SQL 

database and https resources. The new system cannot 

increase the speed of a BPS. It rather increases the speed 

of finding, selecting and using the product data. 

Conclusions 

This paper has presented a new API specification for the 

efficient exchange of optical and calorimetric data about 

building envelope components. 

For manufacturers, planners and software developers, 

there will be one-off implementation costs that are 

compensated by permanently increased efficiency 

compared to the current exchange of data. 

Manufacturers, planners and software developers who 

implement the specification early will have a 

competitive advantage of increased efficiency. 

The API specification, the metabase and the reference 

implementation of a database are being developed as an 

open-source project. In the future, they can be extended 

by other domains of building envelopes e.g. 

hygrothermal and structural data. 

The current API specification focuses on product 

databases. Nevertheless, the data schemas may also be 

useful for future BIM databases and BIM formats like 

IFC. In the long term, the metabase may manage 

metadata about institutions, components and buildings 

and help to link data which is well suited for automated 

use.  
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Nomenclature 

API Application Programming Interfaces 

AEC Architecture, Engineering and Construction 

AERC Attachment Energy Rating Council 

BIM Building Information Modelling 

BSDF Bidirectional Scattering Distribution Function 

BPS Building Performance Simulations 

ES-

SDA 

European Solar-Shading Database 

ES-SO European Solar-Shading Organisation 

IGSDB International Glazing and Shading Database 
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ISE Institute for Solar Energy Systems 

JSON JavaScript Object Notation 

LBNL Lawrence Berkeley National Laboratory 

NFRC National Fenestration Rating Council 

Planner Synonym for all architects and engineers in 

AEC who are involved in the planning of 

building envelopes 

SHGC Solar Heat Gain Coefficient also known as “g 

value”, “solar factor” and “total solar energy 

transmittance” 

URL Uniform Resource Locator 
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