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Figure 6: Shading mask with overlayed sunpath dia-
gram. Screenshot from the Rhino viewport.

Table 1: Databases used in Hive.

Source
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STA 2024 X X
SIA 380/1 X
STA 380 X
KBOB 2016 X
CRB EAK D/11 X X
Further literature X X

data is extracted from any epw file specified by the
user. Sources used are summarized in Table 1.

It should be critically mentioned that much of the
data used is highly fluctuative, uncertain, and / or is
subject to a continued change. This becomes espe-
cially appearant when examining the price evolution
of PV within the last years. Data bases should there-
fore be constantly updated.

Thermal envelope properties:

Thermal properties according to the building energy
demand calculations from SIA (Swiss Society of Engi-
neers and Architects) 380/1 are used (SIA380, 2009).
Typical values for the existing building stock, stan-
dard quality and target values are given in STA 2024
and implemented respectively (SIA2024, 2006).
Use-type:

The use-type influences set points, schedules, inter-
nal gains and ventilation / infiltration rates. Stan-
dard values are found directly in SIA380 (2009) or
in SIA2024 (2006). Respective values are parsed by
choosing the use-type via the GUI (e.g. multifamily
house, office, etc.). Parameters can also be overwrit-
ten manually in the GUI.

Technical performance of building systems:

Several models for building system components are
used to calculate photovoltaic and solar thermal yield,
the seasonal coefficient of performance (SCOP) of
heat pumps and efficiencies of combustion based
heaters. Typical PV technology efficiencies and per-

formance ratios are implemented with data from
state-of-the art literature (Philipps and Warmuth,
2020). The heat pump performance is based on phys-
ical equations relating to the outside temperature.
Combustion based systems have constant efficiencies.
Again, parameters can be set via the GUL

Life cycle impact:

We provide estimates of greenhouse gas emissions for
assessing the life cycle impact. These are split into
embodied and operational emissions. The data is
taken from the Swiss database of construction ma-
terials KBOB 2016 which also provides emission val-
ues for energy sources (Die Koordinationskonferenz
der Bau und Liegenschaftsorgane der Offentlichen
Bauherren (KBOB), 2016). Further, the Swiss cost
catalogue for building elements also provides embod-
ied emissions for envelope cross sections (CRB, 2011).
For different PV technologies that are not yet part
of KBOB, additional sources are used (Frischknecht
et al., 2014).

Cost data:

For the Swiss context, construction cost estimates
for typical envelope structures are available from the
Swiss cost catalogue for building elements (CRB,
2011). The cost values are linked to the envelope
quality chosen above, but, again, can be overwritten
manually. Several sources online and from the liter-
ature have been used for energy systems cost data.
Latest online sources are used for PV cost and effi-
ciency parameters (Philipps and Warmuth, 2020).

User survey

In autumn semester 2020, we have used Hive in our
university course with 51 Master students. The stu-
dents’ backgrounds were mostly in architecture with
few from engineering departments. In this section we
present survey results that we have conducted at the
end of the term. The course deals with passive and
active design strategies and methods to design build-
ings that respond to local climate. The course puts a
significant emphasis on design and analysis exercises
using Rhino Grasshopper, including climate analy-
sis and daylight tools from Ladybug and Honeybee.
From the survey conducted, we can identify qualities
and challenges of the current tool version, as well as
compare it to the other tools used.

It should be mentioned that almost none of the stu-
dents had experience in Grasshopper and only few
were accustomed to Rhino. Therefore, these skills
had to be acquired along the course,” making the
survey a good precedent case for easy-to-learn per-
formance and sustainability tools.

The survey was conducted via an online form and

5 Approximately equal time was expected to be spent with
Ladybug, Honeybee and Hive for the exercises. The graded ex-
ercises constituted the majority of the workload for the 2 ECTS
course. 1 ECTS is equivalent to 25 — 30 hours of workload.
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contained mostly likert scale matrix questions about
the three tools Hive, Ladybug and Honeybee. Out of
the 51 students, we received 19 complete survey re-
sponses. The low response rate may be explained by
the time that the survey was conducted (before new
year, and a reminder in early January 2021). Fur-
thermore, the students had to fill out course evalua-
tions at the same time, which might explain a certain
exhaustion and lower willingness of filling out more
surveys. Nevertheless, we believe that we can gain
valuable information from the respondents.

We omit statistical significance tests in the following
analysis, mainly due to the very small sample size
(19), but also because the tools (Ladybug, Honeybee
and Hive) are in fact difficult to compare due to their
different scopes. We therefore interpret the results
based on colloquial feedback of the students and ob-
servations in the course. Our assumption is that
if students perceive energy topics similarly or only
slightly less easy to learn as climate analysis, the tool
was successful.

Importance of tool features

Fig. 7 shows students’ ratings on the importance
of various tool features. The size of a circle corre-
sponds to the counts per answer. The exact question
was: “Which tool characteristics are important to you
and would make you use such a tool in your design
project?”. The rows in the matrix were:

e Quickly learn the simulation environment.
e Fast computation of the results.

e Simple interface to use.

e High accuracy of the results.

e Attractive visual representations of results.

Possible answers were “Not at all important”, “Not
so important”, “Neutral”, “Important”, “Very impor-
tant”.

At first sight, all asked features appear to be impor-
tant to the students, which might be due to the ques-
tion being a likert scale matrix; a ranking question
might have yielded in a clearer picture. Looking at
it more closely indicates a high preference of being
able to learn the tool quickly. Ome possible inter-
pretation might be that nowadays, new tools emerge
rather frequently and required competencies in a pro-
fession change faster than ever.

In such an environment, easily accessible and com-
prehensible tools might significantly increase the effi-
ciency of education and decision making. The worst
case situation would be a long training phase for a
specialist tool which becomes obsolete within a short
time already. Considering the current technological
transformation of the energy landscape (e.g. renew-
ables, smart cities and buildings) (UNEP, 2015), it is
very likely that (architectural) decision making tools
continue to develop.

Computation time seemed to be least important. It

Very | |
important -

Neutral - 1
NotAtAll | .
important

Learn Fast Simple  Accuracy Attractive
quickly computation Ul results

Figure 7: Rating the importance of various tool char-
acteristics. Clircle size indicates vote count.

should be mentioned, however, that the used mod-
els in Hive complete within seconds or few minutes
(depending on hardware and mesh resolution for the
solar simulation). As most students attending this
course did not have prior experience in building sim-
ulation, it might well be that they are not aware
of computationally more expensive simulations and
they take the fast simulations exposed to them in this
course as normal.

The questions (abbreviated) “Simple UI” and “At-
tractive results” rated similar as second most fea-
tures, after “Learn quickly”. These two questions
have consistently been rated similar to each other
throughout the survey.

As for the “Accuracy” of the simulations, the ma-
jority rated it as “Important”, which suggests that
students expect models to be representative enough
for making relevant design decisions, but can tolerate
a deviation from fully fledged expert programs.

Comparison of tools

Fig. 8 may indicate the usability of different tools
and applications to architecture students and it shows
their responses to the questions

o “I feel confident to use this <tool> in a design
project in the correct modeling situation.”

e “I am aware of the limitations and scope of the
<tool>.”

<tool> included Ladybug for climate analysis,
Honeybee for daylight simulations and Hive for en-
ergy analysis. The ratings were “Strongly disagree”,
“Disagree”, “Neutral”, “Agree”, “Strongly Agree”.
The results show that students are highly confident
in using Ladybug for climate analysis, closely followed
by Honeybee for daylight analysis. The rating for
Hive for energy analysis is lower, with the median
being at “Neutral”. The ratings for the question re-
garding limitation awareness look similar.

This might be explained by the fact that climate anal-
ysis and daylighting are very visual topics that might
be more intuitive to grasp for architectural designers
in comparison to energy (systems). It also shows that
in order to truly integrate energy into architectural
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Fig. 9 shows responses to the likert scale matrix ques-
tions:

e “How do the characteristics below apply to the
HIVE templates that were presented in the
course exercises?”

e “Which characteristics should be further im-
proved to make you frequently use a Grasshopper
tool (HIVE) in your design projects?”

The rows were the same as for the question regard-
ing the importance of tool features, but we omit re-
sponses for “Attractive results”, because it has simi-
lar responses as “Simple UI”.

The response option for the first matrix were the
same as for the matrix on the importance of tool
features (“Strongly disagree” to “Strongly agree”).
The response options for the second matrix were:
“Needs significant improvement”, “Needs many im-
provements”, “Needs few improvements”, “It is OK
after minimum additions”, and “Perfect as it is”.

Interestingly, the students responded that Hive suc-
ceeds to a large extent for all features (blue boxes in
Fig. 9) with the median and / or the upper quartile
being at “Agree” (one tick below “Yes” in Fig. 9).

When it comes to which features should be improved
(red boxes in Fig. 9), again, students seemed rather
content with the tool. Least improvements seem to be
requested regarding computation times, which appear
to be right for the students. Slightly more students
request “accuracy” and “being able to learn the tool
quickly” to be improved.® The user interface (UI),
however, seems to be the most requested feature to
be improved. This would include visualizations and
the GUIs. We hypothesize that a better Ul and more

6Students’ ratings to “Accuracy” may be interpreted as how
much they believe in the tools’ calculations. As a requirement
to participate in this course, the students were expected to
have completed previous courses on building physics and en-
ergy systems, where they have learnt most of the calculation
principles and steady-state equations as implemented in Hive.

succeedsimprovement succeedsimprovement

Figure 9: Bozplots of student responses to the ques-
tion where Hive succeeds and where it needs to be im-
proved. Y-axis labels “Yes” and “No” correspond to
the blue boxes, “can stay” and “needs impr.” corre-
spond to the red boxes. Notches indicate the medians;
triangles are graphical indicators that the respective
quartile is condensed in the median.

(3D) visualizations would also improve the confidence
in using the tool, as well as in facilitating an under-
standing of energy systems integration.

Summary and conclusion

This paper presented our first official release of Hive,
a tool for energy integrated design in teaching and
early stage decision making. Distinct features are its
tight integration with energy systems, particularly so-
lar technologies, and its flexible software architecture
allowing easy extensibility with third party plug-ins.

A user survey with architecture students has shown
that the tool is successful in providing an accessi-
ble and comprehensible platform for making energy
driven design decisions, albeit it minimal prior knowl-
edge in the software (Rhino Grasshopper) and no ex-
perience in building simulation. When compared to
climate and daylight analysis tools from Ladybug and
Honeybee, however, the energy tools of Hive seem to
be more difficult to apply.

To foster the uptake of such tools, we found that hid-
ing simulation specifics from the user into a simu-
lation core and mainly exposing the user to input-
output relations proved effective. This includes pro-
viding robust default values, such as for simulation
model settings or technology parameters.

Furthermore, the survey showed a clear preference
towards tools that are easy and quick to learn. User
interfaces and results visualizations can and should
further be improved, as this will ease an intuitive in-
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tegration of energy related information into building
design.

As a final conclusion, we believe that in light of the
growing complexity of building projects and an in-
creasing interwovenness of specialist disciplines, it
becomes indispensable to offer a design frameworks
that allows for a holistic yet intuitive workflow. This
way, a common language across domains can be es-
tablished, further intensifying the necessary exchange
between high level designers and domain experts.
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