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Architectural Design Approach Facilitating Energy Simulation as
Design Performance Modeling
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Facing the increasing demand on energy efficiency and sustainability certificate, building
energy/performance simulations are increasingly required to be integrated into the early design stages because
that the design decisions made in these stages significantly impact the final performance of buildings. These
simulations performed in the concept and schematic design stages for informing design decisions are named as
design performance modeling (DPM) by American Institute of Architects (AlA). However, the numerous
uncertainties on design parameters during the early design stages complicate the integration of DPM. In
addition, insufficient intelligence approaches which can be used to inform design decisions based on the
analysis results also impedes the exertion of the effect of DPM in guiding the design towards better
performance.

The main purpose of this thesis is to develop flexible approaches for facilitating the high accuracy and
efficiency implementation of DPM towards performance-based design decisions making. To achieve this goal,
we conduct the study in two aspects. The first aspect is to develop approaches for assigning robust default
values which are defined as tentative values for uncertain design parameters required by DPM for discussing a
target design variable. The other aspect is to develop an efficient approach for performing DPM and informing
the corresponding design decisions.

This thesis is constituted as follows.

Chapter 1 firstly presents the research background, purpose, and the construction of this thesis. The
following review study in this Chapter focuses on simple building performance evaluation tools which are
supposed as tools for performing DPM in this study. The reason is that these simple tools can be used to
perform DPM with less detailed building information as inputs. The necessary inputs of ten simple tools and
their organization measures are reviewed to search the inputs which are difficult to be accessed in design
practice. An additional criterion is that these inputs have an influential impact on the evaluation results.
Consequently, window configuration including rough window area and window geometry, and natural
ventilation information including air change rate and rough natural ventilation strategies are selected as the
support objects of this thesis.

Chapter 2 describes an approach developed for supporting the default value assignment of rough window
area which is represented as window-to-wall ratio (WWR) and generally required in the beginning stages of
design process. It is realized by the creation of recommended WWR maps based on the analysis results of
integrated simulation investigations and optimizations. A case study is conducted to create recommended
WWR maps in Japan. The novelty of the proposed maps is to show architects with the recommended setting
direction of WWR towards which building performance becomes better in contrast to global optimal default
values. According to the integrated simulation results from case study, the distribution of the optimal WWR
under varying design conditions exhibits three overall patterns: (i) As the WWR decreases, the COz emissions
decrease. (ii) An appropriate WWR value exists (30-50 %) at which the COz emissions are minimized. (iii) As
the WWR increases, the CO; emissions decrease. Therefore, three options of a small, moderate, or larpe
default WWR value are available from the created maps according to the characteristic of new projects.

With the design progressing, the default WWR value mentioned in Chapter 2 can be replaced by the actual
design value. Therefore, Chapter 3 develops an efficient approach for performing DPM to assist the




determination of optimal window geometries including window height, window width and window location on
the wall. A procedure for creating the response surfaces between window geometries and building performance
by combining the analysis results of dynamic daylighting simulation which is performed to analyze the
daylight use and energy simulation is developed. The response surfaces can not only show architects with the
optimal solution but also help architects to understand to what extent they can widen or narrow the window
geometry without significantly decreasing the building performance. The novelty of the proposed procedure is
to address the enormous number of simulations for exploring the surface features. It is realized by the adoption
of the link between daylight factor (DF) and continuous daylight autonomy (cDA). In case studies, the
daylighting simulation tool of DAYSIM and energy simulation tool of EnergyPlus are used to create response
surfaces. With the proposed link, the number of dynamic daylighting calculation which trends to time
consuming is limited to be only one. In addition, the lighting electric saving can also be calculated using the
results from DAY SIM and EnergyPlus simulations. The impact of COPs for the cooling/heating systems on the
features of the response surface can be easily determined. Higher COP results in a narrow selectable design
range of window geometry in case where the same percentage of building performance degradation is
acceptable. The proposed method is also validated in this Chapter.

Chapter 4 describes a developing approach from an earlier study for supporting the data filling associated
with natural ventilation. This approach is achieved by showing the maps of target air change rate. It is defined
as an air change rate at which the increase in cooling effect from natural ventilation reaches the maximum
value. The ultimate purpose of this Chapter is to create the world target air change rate maps for facilitating the
early natural ventilation design. However, it is necessary to confirm the robustness of target air change rate
under the representative conditions of building model and construction specifications in advance of the maps
creation for a country. Therefore, this Chapter reports the availability of this method in China. Case studies are
firstly conducted to examine the robustness of the target air change rate using a typical Chinese office building
model with representative operation conditions in five climate zones of China. Then, the target air change rate
and natural ventilation potential maps from China are created based on the verified method to inform the air
change rate and rough natural ventilation strategy. For example, well organized natural ventilation strategies
-with an air change rate above 3ac/h are required in the Hot Summer and Warm Winter zone and Temperate
zone under moderate internal gains condition. These strategies are particularly suggested for cities in the
Temperate zone with warm climate due to the higher available cooling potential.

For final conclusions, Chapter 5 summarized the main findings of this study and recommended key areas for
further studies.




/

L
s

)

P < A L

A
\

\f
il




s
F i dOV

-
i

aluating gy performance 1n early

Rapid re

|
werl,

ion method to optimize window

Buildings, Vo

using dyvnamic daylighting simulation

2015, P




