Proceedings of 9th Masters Conference: People and Buildings
London, UK, 20th September 2019
Network for Comfort and Energy Use in Buildings: http://www.nceub.org.uk

Environmental Information Modelling for Building Design
The visualisation of environmental strategy and parametric filter

Chin Huei Wu'

1 MSc Architecture and environmental design, University of Westminster, UK,
wu820902@gmail.come.

Abstract: Environmental Information Modelling (EIM) tool development aims to solve the drawbacks of
unintegrated environmental simulation tools (EST) while enhancing the communication between project
members in the decision-making process at all design stages by confirming environmental strategies through
the comprehensive performance evaluation. Furthermore, integration, filtration, and visualisation are the
main development directions should be clarified by the literature review to establish the EIM theatrical basis,
and then use grasshopper language programming to practice. In summary, the EIM demonstration of four
different office layouts in London shows the core value of EIM tool, which is to confirm the environmental
information and potential design direction in the repeated workflow with practical strategies. In detail, it
shows the parameters impact priority to define the project issue and the strategic effectiveness of specific
improvement approach in the optimisation process, and then identify the strategic impact priority by the final
review of best design achievement growth rate in each environmental indicator.

Keywords: Environmental information modelling, multi-criteria design assessment, customised environmental
indicators, visualisation of environmental strategy, informed decision making.

1. Introduction

Architectural design with environmental simulation and building performance assessment
becomes a popular research topic in recent years. However, less of them have mentioned
the implementation in the collaborative project, especially environmental information
integration and delivery. Therefore, the report aims to complete an EIM system to upgrade
the overall assessment while clarifying the language between specialist and client. Also, the
environmental consultant as the EIM controller should lead the project in a clear direction.

1.1 Purpose and Research questions
Environmental simulation tool (EST) as a common approach for evaluating building
performance during repeated optimisation process still has three issues that need
improvement. Firstly, unintegrated EST will cause different simulation format and
overlapping calculation in separated output. Secondly, non-transferable building
performance simulation (BPS) result can be misunderstood and cause the wrong application
of environmental strategies. Thirdly, the insufficient information delivery in the project will
impact the final performance and receive low satisfaction. In summary, three research
questions for EIM tool development are defined below:

e Integration of environmental information in the continuous platform.

e Filtration of BPS with selected parameters based on the brief requirement.

e Visualisation of parametric result and strategy.

Moreover, the inappropriate EST application will cause a lack of communication in

construction projects that can be an obstruction to achieve required environmental quality.
Therefore, creating a common and understandable language to enhance the communication



in the procedure while confirming the design direction with appropriate strategies will be
the focus for the EIM development in the report.

1.2 Scope and limitation
This report focuses on the full demonstration of completed EIM system rather than result in
the best design solution. Also, EIM is an upgrade tool for overall BPS assessment and
conducting environmental programmes based on different climate and project requirement.
Therefore, research scope except for the basis of weather tasks and BPS analysis will
depend on the following statement, including building typology, benchmark selection,
environmental design and energy parameters selection, environmental strategies variables,
and architectural design parameters selection for the graphic category. On the contrary, the
research only can upgrade a specific EST with changeable programming, and the EIM
demonstration will only show the designated simulation tasks base on the project assumption.

2. Theoretical background

The following three development directions should be clarified to identify the concept of
EIM through the literature review. Firstly, redefining the integrated information programme
based on the multi-objective optimisation framework. Secondly, creating the environmental
information filter to evaluate essential parameters by following the project requirement and
relevant benchmarks. Thirdly, visualizing the environmental strategies in a practical way
which is easier to understand. Finally, it will result in three EIM development frameworks
which will be demonstrated as a guideline in the report.

2.1 EIM development directions

In the integration phase, it emphasis the adaptable selection of environmental indicators in
the redefined multi-criteria optimisation framework, which should base on the definition of
multi-criteria design space (@stergard, T., et, al, 2017), rather than the research of multi-
objective optimisation with a changeless environmental target, which focuses on limited
objectives such as lighting, thermal and energy separately. Also, creating an environmental
information filter is necessary to prove the selection of the benchmarks to upgrade the
integration approach.
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Figure 2.1. The redefined multi-criteria optimisation

In the filtration phase, it clarifies an overall design assessment method base on the
customised impact weighting system, which means to decide an environmental target and



predictable living quality by adjusting the parameters proportion and selecting the
corresponded design criteria. As a language translator that is primarily controlled by
environmental consultants, it should complete the category of environmental design and
energy benchmarks for each selected indicator base on the building typology, local climate,
and brief requirement, also the additional concern from client group. Moreover,
programming the customised weighting system to calculate the assessment score
automatically that can be used to confirm the strategic effectiveness and priority.

In the visualisation phase, it focuses on the EIM outcome analysis by post-processed
graphical category that converts the parametric output while simplified optimisation
process. Also, the EIM report will show a comprehensive comparison between initial
building performance and the environmental achievement for all the design strategies in an
understandable manner.

2.2 EIM development frameworks
In summary, there are three workflows involved in the EIM development structure:

e Parametric filter development: To ensure the case basis and benchmark resource
through the literature review.

e EIM tool development: To clarify the application of customised assessment method by
editing the parametric filter into the EST programme and selected BPS templates,
which means the EST improvement.

e EIM chart development: To record the final achievement, impact priority, and
visualisation output of each design strategy based on the EIM demonstration.
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Figure 2.2. EIM development frameworks

3. Methodology

Brief requirement and strategic definition are essential inputs for the EIM operation.
Therefore, the report designates four different office layouts in London as experimental
objects to complete the EIM demonstration. In addition, Rhino and Grasshopper as the
architectural design platform with the visual programming language (VPL) can become a
powerful EST to contribute to the EIM development with relevant simulation plugin and
variable components, and also meet the automatic calculation requirement.



4. Parametric filter development

Creating a category of benchmarks that based on the office building typology requirement
and London environmental condition is the prerequisite to confirm the parametric filter
basis, which includes environmental design and energy criteria. Moreover, the category also
shows an overview of the achievement range for each environmental indicator, which will
vary according to different criteria. For example, the target of the daylight factor (DF) is
greater than or equal to 2% reported by the Building Research Establishment (BRE).
However, the DF design range is around 2% to 3% in the 80% area that base on the BREEAM
International new construction 2018. Besides, the target of useful daylight illuminance (UDI)
is 100 to 3000 (lux) in the 80% area in the BRE report. However, the range is from 300 to
500 (lux) in the Chartered Institution of Building Services Engineers (CIBSE) Guild A. it shows
the selection of environmental indicators and criteria basis should be properly controlled by
specialist to further meet the project requirement and clients request.
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Figure 4. Parametric filter with customised impact weighting system

Furthermore, the parametric filter is considered as an overall design assessment
method that could optimise all selected indicators at the design stage. It should be
emphasised that parameter priority can significantly affect the final building performance
and indoor environmental quality (IEQ) (Heinzerling, D, et al, 2013). For example, the UDI
will contribute 6 point in to the scale, while the sunlight and views out analysis only can get
around 0.3 to 0.45, because the assumption of the less impact of surrounding context in the
rural area far away from the city centre, but high concern of strong daylight which will cause
the glare issue and reduce the UDI. Therefore, the high IEQ and low energy consumption
will be a clear target that base on the customised score weighting system.

In summary, there are two characteristics of the parametric filter below:

® Accessibility of selected details: It shows a clear priority and proportion of each
indicator in the customised scale to define the multi-criteria design space.

e Adaptability and flexibility: As a continuous platform, it is easy to adjust the scale by
adding a new subject or change the priority base on different requirement, building
typology, and climate situation.

5. EIM tool development
EIM establishment means to upgrade an existing EST which can realise not only the
integrated BPS template but also the adaptable component and programme. In this case,
grasshopper with ladybug and honeybee plugin will be the appropriate option to input the
parametric data.
There are four stages in the development process:
e Parametric modelling: Including geometry preparation, material, and construction
layer information, each input will become the environmental strategies controller.
e Performance analysis: Settle up the selected BPS template such as lighting, ventilation,
thermal comfort, and energy simulation, also the weather file and indoor condition.



® Parametric filter: The focus is to input the customised weighting system from the
manual collection of parameter priority into the technical calculation. Moreover, apply
the range of selected criteria for the transformation of overall BPS output into a clear
score which the full point is 100.

® Parametric visualisation: Output the score and corresponding weighting performance
as a bar chart to simplify the comparison between each strategic impact and potential
improvement space for each parameters. It also aims to prove the effectiveness of the
parametric filter for confirming the design result of multi-criteria optimisation.

6. EIM demonstration and outcome analysis
EIM demonstration aims to confirm the multidimensional impact of environmental
indicators from each strategy instead of a single focus of final building performance. Also,
the EIM outcome analysis should result in an effectiveness report of each architectural
design factor, which means the overall assessment of different environmental strategies in a
simplified optimisation layer. Therefore, the demonstration includes three tasks.
o Defining the main issue by the basic achievement and the parametric impact priority.
e Defining the strategic effectiveness by the comparison of design factor improvements,
while simplifying the optimisation process into the graphic category.
e C(Clarifying the strategic impact priority through the growth rate of potential
improvement space in the overall design process, and final review the best solution.
The EIM demonstration of office case are as follows. First of all, the comparison of the
basic achievement score from different layout shows the case 1 in the rectangular open plan
gets the highest score of 67.73. More importantly, the top issue can confirm in details
through the percentages of contribution from each environmental indicator and their
potential improvement space individually. For example, the case 1 shows that 85.72% of
daylight uniformity, 70.2% of sunlight hour, 58.96% of indoor temperature, and 56.2% of

heating loads are the priority of issue that needs more improvement.
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Figure 6. Final review of strategic impact priority in case 1

Secondly, the achievements comparison in the simplified optimisation process in case
1 shows the effectiveness of environmental strategies which includes orientation, volume,
window and wall ratio (WWR), shading type, materiality, and construction layer. For



example, the different sets of floor height plus window and wall ratio can also influence the
score. The model with 3 m floor height and 10% WWR is 8 points higher than other cases. In
details, the higher score is because of the better performance in the heating loads and
infiltration loads issue, although it still has around 40% to 45% potential improvement space.
On the contrary, other cases show the progress in the lighting aspect, such as 10% of
daylight factor and 15% of UDI, instead of the improvement of energy consumption.

Thirdly, the final review of strategic impact bar chart shows the priority of design
strategies. Although the performance of daylight uniformity did not have any progress after
all the strategic application in case 1, however, it obvious that the overshadow issue have
12.98% improvement by optimum the orientation. Furthermore, the materiality and
construction improvement has more progress than the shading improvement in the fourth
layer, which shows the 21.2% improvement of heating loads and 3.19% of indoor
temperature when applied the new material of the external wall, which the U value is 0.35.

In summary, the actual effectiveness of the strategy is evident in the growth rate of
environmental indicators respectively although the assessment score improvement
between strategies is pretty slight in the demonstration. Also, the graphic category shows
the possibility of sharing overall design assessment information of each strategy.

7. Conclusion

EIM tool shows the advantage of confirming the design information and customised
environmental target in the process while responding to the client expectation. Instead of
traditional EST and BPS operation, the integrated environmental assessment outcome from
EIM can be beneficial to inform the overall design direction in any stage. However, it should
notice that EIM demonstration in the report aims to complete the EIM system rather than a
perfect environmental solution. Therefore, further EIM development base on the design
principle should be practiced critically in the future.
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Figure 7. Main image of EIM outcomes
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