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Abstract 
Design strategies for high performance often require a 
tuned system where envelope and HVAC strategies are 
complementary. However, approaches based on decisions 
to reduce risk tend to encourage the design of oversized 
HVAC equipment as well as its use independent of 
envelope systems, thus potentially undermining high-
performance strategies. This paper presents methods, 
developed through practice, to use simulation, 
visualization, and monitoring as tools to address such 
barriers to high performance. This paper presents 2 case 
studies, one in depth, to illustrate the use of these methods 
to dramatically change the size and concept of mechanical 
systems and to ensure the continuation of the high-
performance strategies. 
Key Innovations 

● Application of Choosing by Advantages 
framework to transform practice 

● Application of simulation and visualization to 
reduce the importance of advantages of low-
performance HVAC system selection and sizing 

● Use of monitoring as a risk-management 
strategy 

Practical Implications 
Investigating the advantages of low-performance options 
can provide insight into the barriers to high performance. 
Simulation scenarios should be designed to more 
precisely understand the barriers to high performance. 
Scenarios studied should represent typical conditions as 
well as peak conditions used for sizing. 
 
Introduction 
The process of designing a building involves the 
simultaneous resolution of many factors. The client 
comes to the process with a list of criteria which include 
cost and value, and then throughout the design process, 
the team needs to consider all the unavoidable questions 
of how a building will work in the world. Along the way, 
alternative approaches are considered, and decisions are 
made in light of all of the factors at play in the project. 
Good design can be described as the successful resolution 
of all these considerations into a design proposal that is 
integrated and intentional, whereas poor design sacrifices 
more of the factors that were not prioritized. 

As the impacts of climate change continue to increase 
(Bates, 2021) and with 2020 in the record books as 
another year among the hottest on record (NOAA, 2021), 
it is clear that continued action is needed to mitigate the 
impacts of carbon emissions on our planet. Meanwhile, 
global total emissions from buildings have risen to a 
record high, with “enormous” unrealized emissions-
reduction potential unrealized (IEA, 2020). 
Incentives (such as LEED or Living Building Challenge) 
and codes and standards (such as the IgCC and ASHRAE 
90.1) have evolved to create external pressure for 
improvement. However, not all projects pursue 
incentives, and even if they do, performance is not 
guaranteed (Turner, 2008). This paper investigates 
methods to work within project decision-making 
processes to identify and soften barriers to high 
performance via internal pressure. 
When thermal and energy performance is prioritized for 
projects that have an environmental agenda, these factors 
can be explicitly included in project goals and influence 
decisions through sound decision making processes. For 
instance, Arroyo et al (2016) demonstrate a method for 
incorporating the complexity of high-performance system 
selection criteria in a net-zero energy building project 
using Choosing by Advantages (CBA). The sound 
decision-making framework is divided into steps, 
comprising: (1) identify client needs, (2) set design goals, 
(3) generate or identify alternatives, (4) collect data, (5) 
choose an alternative, and (6) Reconsider. Step 5 requires 
a choice based on the total importance of advantages in 
the factors being considered. That is to say that given a 
choice between options, the decision maker should 
choose the option with the greatest total importance of 
advantages (Suhr 1999). 
Whereas Arroyo applies the framework to a high-
performance building, this paper posits that an 
understanding of CBA can yield strategies for elevating 
energy and thermal considerations even when they are not 
explicitly prioritized. In particular, if the project decision-
maker is using sound decision-making, they will choose 
the option that has the greatest total importance of 
advantages (Suhr, 1999); if a project team can find ways 
to reduce the importance of advantages of low-
performance options such as the risk mitigation achieved 
by an oversized mechanical system, advantages in energy 
and thermal performance will naturally increase in 
importance. Put another way, if we understand and reduce 
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the advantages of poor performing systems, we can 
increase the likelihood of selecting a higher-performing 
system. 
The case studies presented below focus on HVAC system 
selection and sizing in projects where energy and thermal 
performance are not high priorities. In such instances, the 
importance of advantages of HVAC system alternatives 
will naturally become more driven by practical factors 
related to project budget, minimum performance 
standards, and the mechanical engineer’s business and 
legal considerations. Less emphasis on performance thus 
favors the specification of less expensive, less efficient, 
and conservatively sized HVAC systems. Moller and 
Thomas (2009) listed the following as reasons why 
HVAC systems are often oversized: 
● Use of occupancy loads that are worst-case and/or rare 
● Use of internal load assumptions that are worst-case to 

address unknowns 
● Very tight air temperature setpoint assumptions 
● Conservative assumptions in early design that are not 

refined in later design 
● Limited assumption of site context shading – again a 

worst-case scenario 
● Perceived professional reputation risk if system 

doesn’t meet setpoint, even when a 98% design will 
expect to not meet setpoint on the worst-case day 

● Use of safety factors 
While the practice of oversizing helps manage the risk of 
complaints related to system under-sizing, this practice is 
also a barrier to high performance. Oversized HVAC 
systems have contributed to poor performance in many 
ways, as documented by Djuneady, et al (2011), including 
inefficient part-load operation, higher equipment cycling 
rates and therefore shorter equipment lifespans, 
unnecessarily high and higher demand charges when 
systems ramp to full capacity, even if rarely. These 
oversized systems are also more costly than a smaller 
system, yielding increased first and operational costs. 
The hypothesis in this paper is that by studying and 
addressing the advantages of such oversized systems, the 
team can reduce the importance of advantages for low 
performing options, thus naturally raising the relative 
importance of advantages for high-performing options. 
For instance, if analysis and communication can address 
the professional risk that the system appears undersized, 
an oversized system will be less advantageous. 
Methods 
This paper presents methods to address barriers through 
targeted studies designed to reveal performance and bring 
a data-centric approach to the decision-making process. 
Through simulation of carefully selected scenarios, the 
design team can understand how a building will perform 
given the design alternatives or assumptions being 
considered. This can generate insight that would not be 
forthcoming otherwise. 
The methods presented here rely upon yearly energy and 
thermal performance analysis that report hourly comfort 
metrics as well as energy consumption and production. 

Energy models were created using EnergyPlus and 
include assemblies, internal loads, mechanical systems 
and schedules of use that match the project being studied. 
Mean air temperature and mean surface temperature were 
reported on an hourly basis. A data set of “Degrees from 
Comfort” was then derived by mapping temperature data 
into the thermal comfort model being used for the project. 
Visualization helps bring this data to life, allowing 
technical and non-technical audiences to understand the 
performance impacts of alternatives. This practice can 
allow the design team to see building performance in 
deeper and nuanced ways (Brown and Ubbelohde, 2017). 
Finally, creating a plan to collect monitored data of 
building performance can provide an insurance policy for 
accusations of inadequate capacity. Monitoring is also a 
way to manage the uncertainties in an energy model and 
invite the client to share in the risk of establishing 
realistic, rather than overly cautious, assumptions. 
We present two cases representative of typical projects 
where high-performance goals are not the highest priority 
of the owner. Rather, high performance goals and analysis 
are woven into the design amongst other considerations.  
Classroom Building 
The classroom building is a 2-story building located in a 
hot semi-arid climate, as shown in Figure 1. The design 
team included a manufacturer of prefabricated buildings 
who was interested in this as a prototype project with 
future sales in mind. While sustainability was one of the 
features of the construction system, cost, constructability, 
and speed of construction were the priorities. 

 
Figure 1: Classroom buildings, discussed in Hurst 

(2013) (image: Project Frog) 
The question was posed by the client: could a traditional 
packaged unit be replaced by a much less expensive and 
less energy-intensive strategy of tempering ventilation 
air? The barriers to implementing this approach shared 
much of the characteristics driving the oversizing of 
HVAC systems described above, including that the 
limitations of capacity could lead to temperature setpoint 
not being met at peak conditions. Indeed, the team had 
previous experience designing projects with high-
performance facades and classrooms, only to find the last-
minute introduction of oversized mechanical equipment. 
The team first worked to refine envelope characteristics 
for high performance, including improved insulation, 
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high performance glazing, and shading designed to 
protect at times prone to overheating. The team then 
developed a scenario that limited the size of the 
mechanical system and eliminated the need for return 
ducts. 
Given the efforts in providing a high-performance 
envelope, the team wanted to avoid the consequences of 
relying on a traditional Variable Air Volume system with 
and outside air component to condition the building. As 
an alternative, through modelling and simulation, the 
team developed the idea of introducing a single duct 
dedicated outdoor air system (DOAS) at the minimum 
rates required by code for fresh air, while including coils 
to temper the air only when needed.  
Our studies analysed how limiting the capacity of the air 
systems to 765 cm/hr of outside air per classroom 
(minimum required by code for this space type and size) 
could affect occupant comfort per the Fanger PMV 
comfort model, in four classrooms at ground or top level 
and with east and west orientations.  
Simulations first assumed that fresh air was introduced at 
the same temperature as the outside conditions. With this 
assumption, a control protocol for the coils in the air 
system was established to temper the air only when 
needed: if occupants are comfortable bringing the air at 
outdoor temperature, the system shouldn’t be using 
energy to change that air temperature. Results showed that 
there would be no need for heated air in the mornings and 
cooled air in the afternoons. Thus, this study recognized 
that with the limited airflow capacity, the system would 
be most effective in one mode of operation during a 
typical day, for instance forgoing morning warm-up 
during times of the year when overheating was possible 
later in the day.  
Yearly performance was then studied under heating and 
cooling only. Each coil was introduced in the model 
separately, focusing first on avoiding only hours of hot 
discomfort with the cooling coil, controlled to cool down 
the outside air to 18.3C when it is hotter than that outside. 
Except for the classroom facing east on the top floor, the 
other classrooms had rare to non-existent overheating 
hours. Cold discomfort hours were not significantly 
affected because outside conditions are colder than 18.3C 
when they occur.  
When the heating coil was introduced in the initial model, 
the analysis focused on avoiding only hours of cold 
discomfort by warming up the outside air in order to 
achieve an interior temperature of 23C. Cold discomfort 
hours were still observed in the classrooms on the bottom 
floor in the winter evenings (when these spaces might not 
be occupied). The amount of hot discomfort hours 
increased in the summer, as the system had no means to 
control the fresh warm air inside a room in the afternoon 
that had been heating up previously that same day.  
A seasonal changeover strategy was then adopted, where 
the system switched from heating to cooling mode in the 
spring, and then back to heating mode in the autumn, as 
shown in Figure 2. The resulting analysis showed the 
performance of the system in terms of energy use and 

comfort throughout the year, as shown in Figures 3 and 4, 
respectively. Finally, the impact of this strategy on 
classroom by orientation was also visualized in section, as 
shown in Figure 5, showing that comfort hours 
represented 91% of the occupied hours in average. 

 
Figure 2: Seasonal HVAC mode and thermostat setpoint 

strategy compared with outdoor temperature 

 
Figure 3: Heat map showing cooling and heating loads 

with seasonal adjustment in HVAC mode 

 
Figure 4: Heat map showing thermal comfort with 

seasonal adjustment in HVAC mode 

 
Figure 5: Spatial representation of thermal comfort 

analysis results 
By using simulation and visualization of detailed 
performance over the course of a year, the team was able 
to understand that the system would be effective the vast 
majority of the year as well as for a variety of spaces. In 
addition, the system provided benefit, even at times when 
conditions exceeded thermal comfort criteria. The 
viability of the tempered DOAS system greatly reduced 
the thermal comfort advantage of the packaged unit over 
the DOAS. This simulation and visualization analysis 
thus opened the door for serious consideration of using 
tempered ventilation air as a primary thermal conditioning 
strategy that would be viable most of the time, allowing 
the project to obtain excellent energy performance for less 
up-front cost. 
Art center / residence 
The art center / residence is a 3,000 m2 building designed 
as a residence, an event venue, and a space to display 2D 
and 3D artworks. The building is located in a warm-
summer Mediterranean climate. The project was 
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conceived as a reconstruction of the top of a hill, with 
curving concrete openings allowing access to the building 
entrances and windows. The construction is largely 
heavy-mass formed concrete, covered with a green roof, 
as shown in Figure 6 and Figure 7. The site is generally 
unshaded by its surrounds. The private owner 
commissioned the building with multiple goals in mind, 
foremost among them was that the building itself would 
be a work of art in addition to its ability to host and display 
other works of art. The client was interested in 
performance in that they wanted to ensure that the 
building functioned reliably and potentially off the grid. 
In particular, the client was interested in protection 
against the outages caused by recent extreme events 
including floods and fires. Occupant comfort was more 
important than sustainability, and budget was primarily 
driven by value rather than an upper limit. 

 
Figure 6: Exterior rendering of art center / residence 

(image: Shubin Donaldson Architects) 

 
Figure 7: Interior rendering of art center / residence 

The building as designed presented several challenges for 
high performance. First, the heavy mass construction 
tends to maintain thermal inertia. While the mass in this 
climate could be an asset for passive performance, other 
factors initially made it a challenge. The client brought 
thermal expectations to the project based on their recent 
experience with HVAC cooling systems and thermostat 
setpoints in low-performance buildings with uninsulated 
wood-framed envelopes.  As a result, the client demanded 
that the air to be cooled to 20.5°C all the time. In addition, 
they expect the building to occupied by 2 people much of 
the time, with occasional events hosting up to hundreds of 
guests. Thermal comfort is to be maintained consistently 
throughout. 
The building aesthetic was carefully developed and thus 
had little capacity to incorporate shading. In addition, the 
client and architect did not want to compromise views for 
the sake of shading. This created a challenge since a 
significant amount of glass faces south and west. 

Lastly, a significant barrier to high performance was an 
initial HVAC system design sized to handle the full 
diversity of loads, resulting in a system vastly oversized 
for typical use. Due to the priorities of the owner, this 
added energy and cost were not primary considerations in 
the decision-making process, and thus were not 
convincing considerations to argue for improved 
performance. 
In order to shift the building towards high performance, a 
sequence of system narratives and simulation analyses 
were produced to understand performance of the initial 
mechanical proposal in multiple dimensions, propose 
alternative approaches, and visualize the impact of each 
alternative. 
First, the all-air approach was compared with a radiant 
approach to control comfort via surface temperature. This 
analysis introduced comfort as a dimension of 
performance, and thus a decision factor when considering 
value. A large occupancy event was also simulated during 
the season with hottest average temperatures (September) 
so that the full range of occupancy and weather conditions 
could be considered. The selection of these scenarios 
represents a broad range of conditions in context so that 
the owner and the design team could consider what 
system choices would be most effective for typical as well 
as extreme operation. 
An energy model was simulated to test each case. The 
operative temperature for these scenarios were then 
analysed relative to the Fanger PMV comfort model, and 
the degrees from comfort were presented in a heat map 
visualization of comfort throughout the year, as shown in 
Figure 8. These heat maps revealed the improvement in 
comfort conditions switching to a radiant system, even 
while maintaining an unusually low cooling setpoint. 

 
Figure 8: Heat maps showing simulated comfort 

conditions for an air system (first image), and a radiant 
system (second image) with a cooling setpoint at 20.5°C 
Next, the team addressed the issue of the unusually low 
thermostat setting. Similarly, scenarios were simulated to 
show thermal conditions throughout a typical weather 
year as well as a recent year that the owner experienced 
as especially hot, with the system deadband increased to 
a more standard range of 21°C for heating, and 25.5°C for 
cooling. The resulting heat map shown in Figure 9 shows 
how the vast majority of hours in the year are expected to 
be comfortable, with the occasional overheated afternoon, 
and that this pattern held true even for the more extreme 
recent year. This visualization helped the design team 
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gain confidence in using the higher setpoints and broader 
deadband. The clients started to agree to this as well, 
although the team saw the increased importance of 
designing flexibility into the system should they want to 
lower the temperature further than the 25.5°C cooling 
setpoint. 

 
Figure 9: Heat maps showing simulated thermal comfort 

conditions for a radiant system assuming adaptive 
clothing and deadband between 21°C and 25.5°C for 
typical weather (first image) and for a specific year of 

concern (second image) 
Meanwhile, the owner’s desire to manage building 
operation through extreme events provided another 
approach to using modelling and simulation to support 
high performance through battery and photovoltaic array 
sizing. The team framed the discussion about resilience in 
terms of the building’s ability to maintain operations for 
72 hours during a grid failure. Scenarios were simulated 
to explore the relationship between building energy use, 
battery storage capacity, and photovoltaic array size. With 
the problem framed as a trade-off between these three 
variables, the team found more motivation to design for 
reduced building energy use. 
The battery sizing discussion focused the attention of the 
client and the team on the space planning, cost, and design 
complexity implications of battery sizing. Energy 
simulation scenarios were created to test a grid outage 
starting each day of the year for a variety of energy load 
assumptions. Outputs of the simulation were processed to 
determine the size of battery needed for each outage 
period and then graphed using a histogram to estimate the 
battery size to handle half or all of time periods in a year. 
This helped the team understand that the baseline energy 
use assumptions would imply a very large battery size, as 
shown in Figure 10, and that if the loads could be carefully 
controlled and limited to the most essential, the battery 
size could be reduced significantly, as shown in Figure 11. 

 

Figure 10: Histogram showing the battery sizes required 
to maintain building operation for 72 hours after a grid 

outage, assuming baseline energy use 

 
Figure 11: Histogram showing the battery sizes required 
to maintain building operation for 72 hours after a grid 

outage, assuming reduced energy use 
To the extent that photovoltaic panels can produce power 
used during the day and charge the battery for the evening, 
the photovoltaic array size was also a critical 
consideration for the ability of the building to operate 
throughout a power outage. The photovoltaic panels 
shown in orange in Figure 12 were added as this critical 
piece of the resilience plan, and the sizing of the array 
became a subject of study. Through the analysis of 
conditioned models testing the 20.5°C setpoint compared 
to a 21°C to 25.5°C deadband, the impact on the size of 
the array was presented in terms of how much additional 
photovoltaic array area would be required to meet net zero 
energy performance (represented in green in Figure 13). 
This study made the case that the lower setpoint would 
have ramifications in terms of space planning and cost and 
thus provided motivation for the team to further look 
critically at the 20.5°C setpoint. 

 
Figure 12: Drawing showing locations of photovoltaic 

panels 

 
Figure 13: Simulation results showing the additional 

area of photovoltaic panels (shown in green) needed for 
net zero energy performance 

________________________________________________________________________________________________

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

 
3354

 
 

https://doi.org/10.26868/25222708.2021.31055



 

 

As the implications of assumptions and previous design 
directions were modelled, simulated and visualized, the 
mechanical system narrative was refined to be efficient 
for the full range of conditions expected. The thermal 
mass, heated by a radiant system, became the primary 
means of conditioning the building. This was then 
augmented by a dedicated outdoor air system (DOAS), 
with ventilation air tempered according to a typical 
deadband. In acknowledgement that the base system may 
not be able to respond to spikes such as an event hosting 
hundreds of guests, fan coil units (FCU) were also 
specified for event spaces and set to follow the radiant and 
DOAS systems in priority. Finally, in case the occupants 
really do want their building cooler than comfort models 
suggest or if climate change yields cooling challenges, the 
radiant system was designed with 3-way valves and the 
connections required to add tempered water to the radiant 
system in addition to heating. 
In another step towards high performance, the envelope 
components were also reviewed and optimized though 
simulation of ranges of options for insulation thickness 
and glazing specification. However, shading was still not 
a viable option given the aesthetic direction of the 
building. This raised the possibility that sun entering the 
space could cause discomfort. In order to address this 
issue, a simulation was prepared to model the hourly 
spatial distribution of direct sun on the floor of the 
building, as well as the yearly cumulative insolation 
shown in Figure 14. 

 
Figure 14: Simulation results showing yearly cumulative 

solar load incident upon the floor 
One solution could have been to install cooling capacity 
to remove these loads. However, with a multi-component 
approach to conditioning, we realized that the current 
system could be designed to handle some or all of this 
load as is, even without cooling in the radiant slab. The 
team worked to incorporate this simulation result by 
planning radiant tubing zones shown in Figure 15 so that 
each area prone to solar gain would be in a zone that 
would also include floor area not prone to solar gain. In 
this way, the radiant system was designed to spread the 
heat throughout the slab, where it could either be 
neutralized by daily temperature variation or removed by 
DOAS or FCU as needed. 

 
Figure 15: Diagram showing delineation of zones for 

radiant tubing 
The modelling and simulation exercises performed 
throughout the design process produced incremental steps 
towards rational, efficient performance given the project 
constraints. At the same time, the modelling made it clear 
how interdependent the building systems would be, and 
thus how risk would be shared across the different 
systems. In order to achieve a level of comfort with the 
client and within the project team, a monitoring plan was 
developed to track performance of the building so that it 
can be compared to the modelled performance. The 
monitoring system became a risk management strategy to 
increase confidence that occupant complaints can be 
cross-referenced with monitored data, and that the 
monitoring data can assess the performance of various 
systems. For instance, thermal comfort complaints can be 
compared with envelope and mechanical system 
performance separately. 
Discussion 
In both case studies, the design team faced pressures from 
diverse project objectives. In addition, risk management 
factors created advantages for potential solutions that 
might have led to poor performance if the underlying risk 
had not been addressed. 
The careful selection, simulation and visualization of 
scenarios helped to dismantle the importance of 
advantages for the initial design options that were 
convenient and a safe design, allowing performance and 
other considerations to be relatively more important. 
• The scenarios selected represented a full range of 

thermal conditions (rather than only peak conditions), 
occupancy patterns and spatial conditions. This made 
the consideration of typical performance explicit. 

• The scenarios represented choices that the design team 
faced, whether regarding system selection, defining 
performance criteria, or determining zoning. This 
made simulation studies relevant. 

• Visualizations became a medium for communication, 
promoting an understanding and consensus about risk 
sharing across the team and with the client. 

This process allowed the team to understand performance 
holistically, make decisions that naturally placed higher 
importance on performance-related advantages, and 
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comfortably led the mechanical design toward more 
integrated, flexible, and calibrated solutions. In this way, 
the resulting designs integrated building performance 
even when performance was not an explicit priority from 
the onset. 
In the case of the classrooms, at first glance, a packaged 
unit air system had a large thermal comfort advantage 
compared to a tempered DOAS solution: it could be sized 
to meet peak conditions, an advantage that eclipsed the 
advantages of the DOAS system in cost and energy 
performance. Through simulation and visualization, more 
nuance was introduced since it showed the DOAS system 
provided benefit at peak conditions. In addition, the factor 
of typical performance was highlighted, which showed 
that the DOAS system can maintain thermal comfort the 
vast majority of the time, thus further diminishing the 
advantage of the packaged system. The reduced 
importance of advantages of the packaged system in 
thermal comfort allowed the advantages of the DOAS 
system in cost and environmental impact to become 
relatively more important in the decision-making process. 
In the case of the art center / residence, the study of all 
conditions, not just peak conditions, introduced a nuance 
that similarly minimized the advantage of an air system 
sized to meet setpoints during peak conditions. The slight 
comfort advantage of the radiant system, along with its 
energy use benefits, shifted it into the preferred system for 
typical conditions and inspired the introduction of FCU as 
a solution to handle peak conditions. In a parallel but 
ultimately connected consideration, simulation and 
visualization were used to study detailed alternatives for 
achieving client goals of resiliency and net zero energy 
performance. Through the process of defining 
alternatives, it became clear that energy-saving measures 
provided advantages when considering paths to achieving 
these goals. Simulation and visualization thus facilitated 
communication and consideration of the advantages of 
alternatives, driving the project towards improved 
performance even though it was not a primary project 
goal. 
Finally, the case of the art center / residence demonstrated 
a side effect of shifting reliance from rules of thumb and 
safety factors to the use of the energy model for sizing 
purposes: the risk shifted to the uncertainty related to 
actual building use compared to the use patterns assumed 
in the energy model. The monitoring system emerged as 
a strategy to address this concern so that future complaints 
or issues could be compared with the assumptions that 
stakeholders (including the owners) agreed would 
represent the operating parameters of the building. This 
further reduced the advantages of systems that are 
overbuilt in order to avoid complaints.  
Further research will be conducted to support the 
operation of the art center / residence as well as the 
application of these methods to future projects. Monitored 
data collected while the building is occupied under 
normal operation and large-occupancy events will be used 
to calibrate energy models. This calibrating effort will not 
only inform differences in actual weather conditions and 

typical weather data (used for the analysis done during the 
design process) but also will provide the energy modeler 
with knowledge that can be brought to early design 
discussions in future projects. Lessons learned from 
reviewing modelling assumptions used in the analysis and 
comparing anticipated results with actual performance 
data, will further reduce the reluctance of design teams or 
future occupants towards innovation in developing high 
performance building strategies.  
Post-occupancy performance review is the last step in a 
process that ensures that simulation in practice evolves 
towards a more nuanced approach to predicting building 
performance, with design teams actively engaging in 
using modelling results to develop innovative strategies 
that would otherwise be discarded. 
One key area of future research is to extend these methods 
to projects with smaller simulation budgets. The approach 
described in this paper can deliver value to the client in 
terms of improved performance or reduced cost. Future 
research should look at ways to target the questions asked 
and scenarios studied more narrowly. In addition, a more 
explicit and supported description of value can be 
developed to provide justification for the incrementally 
more time-consuming (and thus costly) analysis methods 
required to achieve the value. This is a next step for future 
research. 
Conclusion 
These case studies reveal that if simulation scenarios are 
selected for relevance to the design process, they can 
influence the thinking and decision making of teams to 
drive projects toward high performance. This is a different 
proposition than traditional understanding of energy 
modelling as a reactive task in response to a design 
proposal or a set of design options provided by design 
team for study. Rather, simulation becomes a medium to 
explore performance. The energy modeler thus takes the 
current set of design conditions and uses simulation as a 
way to map out the next set of decisions that could be 
made to move the design forward. Instead of asking “how 
does this building work”, she will ask “how can this 
building work?” In the shift of a word, simulation 
becomes a creative act in the design process. 
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