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ABSTRACT

This paper provides an overview of how building
simulation is used to support a Canadian Govern-
ment energy-efficient incentive programme. It
describes the two software tools (detailed simulation
software and a simplified web-based method) that
were developed to support the programme. The
classroom and computer-based initiatives used to
train users are also described, this being key to sup-
port programmes of this nature.

INTRODUCTION

Natural Resources Canada (NRCan), a ministry of
the Canadian Government, launched a financial
incentive programme in 1998 to encourage the con-
struction of energy efficient commercial buildings.
Financial incentives are paid to the building owner
at the completion of the design phase. The magni-
tude of the incentive is based upon the energy effi-
ciency calculated using simulation. This paper
describes how simulation is used to support the
incentive programme. It touches upon software
tools and user training. Details of the incentive pro-
gramme are not treated here due to space limita-
tions. Rather, the interested reader is referred to the
following URL which provides full details on proce-
dures, financial incentive levels, and technical
requirements: http://cbip.nrcan.gc.ca/cbip.htm.

The paper commences with a overview of the
methodology used to quantify the building’s energy
efficiency. It then describes two software tools that
were developed to assess building energy efficiency
to support the programme. The first is a web-based
tool that provides a rapid screening of the design to
the technical criteria. This is used at preliminary
design stage and allows architects and engineers to
estimate the impact of design alternatives. The sec-
ond software tool is based upon a detailed simula-
tion approach which quantifies the efficiency of the
completed design. The design of the user interface,
error checking routines, automatic report generation,
and the implementation of the programme modelling
methodology are discussed.

Significant effort was placed on training architects

and engineers to use the simulation tools. The paper
discusses the content of training courses and manu-
als and discusses how the tools are supported.
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Particular emphasis is placed on the design and
development of a multi-media training course that is
distributed on CD-ROM.

Finally, conclusions on the effectiveness of these
training initiatives and software tools are drawn and
recommendations made on the use of simulation to
support energy efficient incentive programmes.

METHODOLOGY FOR
QUANTIFYING BUILDING
ENERGY PERFORMANCE

The financial-incentive programme is based upon a
reference building approach, wherein the perfor-
mance of the design is contrasted against a reference
building constructed with representative envelope,
lighting, and HVAC systems. A whole-building per-
formance philosophy is used to give designers maxi-
mum flexibility. As such, the designer can opt for
any solution (certain limitations do apply) in terms
of HVAC, lighting, and envelope design as long as
the overall energy consumption of the building is no
more than 75% of the level it would consume had it
been built according to the Canadian Model
National Energy Code (NRC 1997). Conceptually,
this reference building approach is very similar to
that employed in other energy efficiency standards,
codes, and incentive programmes (e.g. CEC 1999;
ASHRAE 1999).

As an example of the whole-building performance
approach, a designer may choose to focus on finding
efficiencies in the areas of lighting and HVAC while
using conventional envelope construction. Simi-
larly, a conventional HVAC system may be sufficient
if high-performance windows and high levels of roof
and wall insulation are used in conjunction with
reduced lighting power.

In the vernacular of the incentive programme, the
solution chosen by the design team is referred to as
the proposed design. Building simulation is used to
guantify the energy performance of this design. The
designer inputs details on the envelope, lighting, and
HVAC systems to the simulation program. Certain
assumptions regarding operating conditions, such as
heat gains from occupants and lighting schedules
must be followed. Following this, a simulation is
conducted with standard weather data to estimate
the building’s annual consumption of electricity,




natural gas, oil, and other fuels.

A second simulation is then conducted for compari-
son purposes. A model ofreference building, hav-

ing the same size, shape, occupancy, temperature
set-points, equipment, operating schedules, and ori-
entation as the proposed design is constructed. The
envelope characteristics are established based on
geographical location and the type of fuel used to
heat the building. A lighting system considered to
be good practice for the intended occupancy is
selected.

Finally, the HVAC system type and component effi-
ciencies are established, once again based upon
good practice. For example, if the proposed design
is conditioned with a water-loop heat-pump system
that employs a gas-fired boiler and cooling tower to
maintain the loop temperatures, then the reference
building will have a variable-air-volume system with

a gas-fired boiler and an electric chiller serviced by
a cooling tower. Boiler and chiller efficiencies,
pump and fan capacities and efficiencies, and fan-
control mechanisms are all functions of size and
established using a complex set of hierarchical rules.

A simulation using the same standard weather data
is then performed with the reference building model
and the results contrasted against the first simula-
tion. If the predicted energy consumption of the
proposed design is no more than 75% than that of
the reference building, then the design is eligible for
a financial incentive. This methodology is illus-
trated in Figure 1.

REFERENCE DESIGN
BUILDING BUILDING
MANDATORY REQUIREMENTS i

Envelope - Lighting - HYAC - SHW - Electric Power

PRESCRIPTIVE REQUIREMENTS
Envelope - Lighting - HVAC - SHW

DESIGN SPECIFICATIONS
Envelope - Lighting - HVAC - SHW

are described in the following two sections.

WEB-BASED SCREENING DOL

The CBIP screening tool is a web-based application
that assists proponents in determining whether their
design is close to complying with the programme
requirements. While not definitive, it can be used to
rapidly assess whether a design is likely to comply.
It is also a useful design tool as it allows architects
and engineers to quickly estimate the impact of
design alternatives at the conceptual design stage
when insufficient data are available for performing
detailed simulations.

The screening tool enables these types of analyses
by defaulting a significant number of parameters
that affect energy usage. For example, to assess the
impact of switching to a high efficiency condensing
boiler, the user need only specify the full-load effi-
ciency and the fuel type. All other data characteriz-
ing the boiler and its ancillary devices are defaulted:
part-load performance curve, circulating water pump
power draw and head, etc.

In total, fewer than 50 data inputs are required to
completely describe a building. A combination of
pick lists, default values, and numerical inputs are
used to speed data entry (Figure 2 illustrates a typi-
cal input screen). Data are required to describe the
following:

» geographical location;

building type and floor area;

areas and U-values of envelope components;
HVAC system type;

heating and cooling efficiencies;

fresh air ventilation rates and control;

lighting power density and type of daylighting
and occupancy sensors;

fuel and electrical costs.

Mechanical System

Reference Your
Building Design
CLIMATE : BUILDING Heating efficiency: 80.00% |94.DD %o
; ENERGY
SWECWedtherData ANALYSIS Minimurn outside air: 0.40 ID-‘lD lfsim?
Percent of floor area cooled: 100.00% |1DD.D %
DESIGNED i i : ;
REDESIGN Meets energy Cooling efficiency: 5.20 5.20 COP
Target 2 TocBIP CQutdoor air economizer? Yes [T Yes
No YES Effici f exhaust '.h t
. - iciency of exhaust air hea 5
Figure 1. Reference building procedure recwery;" 0.00% [65.00 %
Service water heating fuel . :
. . type: 4 Fossil IFDSSI| 'l
The process d(_esc_:nbedcam would be a pract|c_al S;N_ice wate heating e Fros]%
impossibility within the context of tight design Leficiency:

schedules and budgets without customized simula-
tion software. To this end, two pieces of software

were developed to support the incentive programme:
a web-based screening tool and EE4 CBIP. These

Figure 2: Screening tool HVAC input screen
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25% Will my design qualify for CBIP?

- i “ary likelyl™ Based on the information you provided, your building design is at

0% least 25% more energy efficient than the reference building that meets the
Reference Current Prev \iodel National Energy Code for Buildings.

Current Design Performance

Annual Energy Use {GJ)

Reference Building 20 580

Your Design 12,788

Energy Savings 7.762
Annual Energy Cost Savings $34,960.64
Incentive®

"If the energy sawings are greater than or equal to 25%, the incentive isthe minimum of:
F30,000 ar triple the annual energy cost savings (3 » $394,960 64=F104,351.92).

Emissions Savings
Carban Dioxide (COz) 388527 ko

Figure 3: Screening tool results output

The screening tool provides results on operational input. However, this does come at a cost. Only the
energy consumption and cost and greenhouse gas seven most common building types can be examined
emissions. The building’s projected energy end uses and a limited number of HVAC configurations can
(heating, cooling, lighting, etc.) are contrasted be considered for each. For example, office build-
graphically against those for the reference building ings with the following systems can be analyzed:
(refer to earlier discussion) and for previous design
iterations. The screening tool also provides a clear
indication of whether the design will likely qualify
for a CBIP programme incentive and estimates the
financial incentive. Typical outputs are illustrated in
Figure 3. » gas-fired distributed heat pumps;

 electric or gas-fired variable-air-volume sys-
tems;

« fan-coil units, with or without electric perimeter
reheat;

The energy calculations are based upon a regression ¢ ground-source heat pumps.

method. 85 000 parametric simulations were per-

formed with the DOE-2.1E building simulation pro- A more detailed simulation approach must be used
gram (Winkelmann et al 1994). For specific combi-  for buildings that fall outside these constraints.

nations of building type, location, HVAC system  The interested reader is encouraged to examine and
type, and heating fuel, these data were regressed to ryn the screening tool at the following URL:
correlate monthly energy end-use and demand to http:/nrn3.nrcan.gc.ca/chipscreen.

envelope U-values, equipment efficiencies, lighting

power density, etc. These correlation equations are EE4 SIMULATION PROGRAM

then used to estimate the building’s energy perfor-
mance by quantifying the impact of deviations in
parameters (e.g. wall U-value) from a base case.

The EE4 CBIP software was developed to support
the financial incentive programme. It performs a
detailed energy simulation of the proposed design
The screening tool enables a rapid assessment of a and reference building according to the procedure

building’s energy performance with minimal data  previously outlined. The software is composed of
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three principle components: a graphical user inter-
face, a CBIP rules processor, and a simulation
engine.

User interface

The user interface was designed for ease-of-use by
practicing architects and engineers. It was devel-
oped in C++ as a Microsoft Windows 32-bit applica-
tion. A tree structure is used to organize the data in
a hierarchical manner (refer to Figure 4). The low-
est level of the tree contains global data such as the
geographic location, and fuel and electrical cost
data. The next two levels contain data on the central
HVAC system: the first pertains to the central plant
(boilers, chillers, cooling towers, circulating pumps)
while the second relates to secondary systems (fans,
heating and cooing coils, economizers, etc.). Infor-
mation on the building fabric and lighting are
arranged in higher levels of the tree. This tree struc-
ture allows users to organize the extensive data
required to simulate a complex building in a logical
fashion that facilitates model creation and mainte-
nance.

i EE4 CBIP - [Sample 1]

= ffiy 5ample 1 Buiding
S B Plant- 5w
E}@) Me el
[L]E Office Zane
-5 ] Ofice
J Office Floor
5 2] west wa
. Wwast Windows
| Southwal
. South Windows:
3] Eastiwal
J:l Wood Door, Ofice

. East Windows
o

tem

| Manh
- SI-74 Flat Roal
LA Lighting, Offce
(=) [l Fietail Zene

[
Figure4: EE4 treestructure

Data are associated with each node of the building
tree through dialogue and forms (some samples are
shown in Figure 5). Data entry to the dialogues is
assisted through libraries, which allow the user to
re-use components (boilers, windows, wall assem-
blies, secondary HVAC systems, etc.) from one pro-
ject to another. A search and replace facility is also
provided to allow users to quickly modify a model,
this allowing, for example, all occurrences of a win-
dow to be replaced with a higher performing unit.

An fully searchable on-line help facility (see Figure
6) documents each input, includes HVAC system
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Giypsum Sheathing

Figure5: EE4 input dialogues

schematics, and offers context sensitive help.

CBIP rules processor

Once the user has completed the description of the
building and commissioned a calculation, control is
passed to the rules processor. It manages the appli-
cation of all CBIP rules and prepares the proposed
and reference models for the energy simulations.
Two levels of diagnostic checking are first per-
formed. The first level diagnostics ensure that all
required inputs have been specified and that allow-
able ranges (e.g. for envelope U-values) have been
respected.



Help Topics: EE4 CEIP

Design Fan Power
Erter the design fan power of the supply fan listed by the
manufacturer at design conditions.

Range & Units:
0.0 —999 999 watts

[ Building Tree

. Conditions:
[ General Infarmation Refer to the Supply Fans topic inthe Index for a detailed
E?] Building Element desription of the conditions governing supply fan inputs.
@ Plant Element Additional Description:

@ The design fan poveer is the pover input to the fan, Input
System Element povver includes the output poveer plus any l0sses caused by
Zone Element the motor and drive efficiencies.

% Fioom Compon
@ Libraries
@ HwC System Descriptions
@ Calculations
@ Sample Files
@ Special Topics T - -

@Tables .
T
T - SUPPLY SUPPLY
HeatEﬁjﬂedlon HEaI:;ltﬂg 8“ A * MR v | 4 * MR v
| 1
& |8° HE B OTHER
o i T IONES
RETURM '—ﬂ @ RETURM '—H @
AR : AR
fmm e
EXHAUST r---1 | EXHAUST : ZONE 1 . ZONME 2
CoFA

OUTSIDE i G MAKE-UP AIR UMIT
B e LEGEND
HP HE &T PUMP
HR 42 HE AT RECOYERY COIL
T THERMOST AT

Figure 6: EE4 on-line help system

Following the successful completion of these diag-

nostic checks, the rules processor performs sSizing [t ol
calculations using industry accepted standard proce

dures (ASHRAE 1997) to ensure that heating, cool-

ing, and ventilation equipment are adequately
dimensioned to respond to peak heating and cooling
demand. In most cases these diagnostic checks
result in a series of warnings and errors.

The diagnostic wizard is used to bring this informa-
tion to the user’s attention and to provide guidance
on adjusting the model or design to address the
problems. For example, Figure 7 illustrates a warn-
ing message indicating that a secondary HVAC sys-
tem has insufficient capacity to meet the peak cool-
ing load imposed by the zones served by the system.
Since the incentive programme allows buildings to
be under-cooled (but not under-heated), this warning
is provided for information only. Some guidance is
given to the user on how the problem could be
addressed.

Figure 7: EE4 diagnostic wizard

reference building is automated and requires no
interaction from the user. A complete description of
both buildings’ fabric assemblies, lighting, and

HVAC systems is assembled and input files for the
Once all diagnostic errors have been resolved, the gjmulation engine created. Extensive testing has

rules processor applies the incentive programme’s peen performed to ensure that the CBIP rules are

rules to create simulation models of the proposed accurately applied in preparing the simulation input
and reference buildings. The generation of the fjjes.
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Simulation engine

EE4 performs annual simulations of the proposed
and reference buildings using the extensively vali-
dated DOE-2.1E simulation program (Winkelmann

et al 1994). To prevent tampering with the simula-
tion results, the user has no opportunity to interfere
with this process. The rules processor creates the
DOE-2.1E input file immediately prior to invoking

the simulation. And immediately following comple-

tion of the simulation, the rules processor extracts
the necessary results from the DOE-2.1E results file.

It should be noted that the EE4's functions that cre-
ate the DOE-2.1E input files have been isolated from
the incentive programme’s rules set, this to facilitate
switching to an alternate simulation engine in the
future should a better alternative arise.

Deter mining compliance

A standard (simplified) sizing check using design
day data was performed prior to performing the
energy simulation, this to ensure that heating, cool-
ing, and ventilation equipment is adequately sized to
meet the anticipated loads. These calculations are
confirmed by examining the results of the detailed
simulation. Should the HVAC system be unable to
maintain the set-point temperatures (within a reason-
able threshold), a diagnostic error (in the case of
heating) or warning (in the case of cooling) will be
issued.

The simulation results from the proposed and refer-
ence buildings are then contrasted to determine
whether the design meets the programme’s energy
target. Whether the building complies or not, a
report echoing all input data and summarizing the
simulation results is created. The report is created in
HTML using a customized toolkit and displayed to
the screen with an embedded web browser. This
HTML reporting tool is a recent feature of EE4 that
was developed to produce tamper-proof high-quality
reports suitable for sign-off by the design profes-
sional (Figure 8 provides an example) as well as
graphical output.

The EE4 software is distributed by the web and is

DOCUMENTATION AUTAOT
Bill Client

DATE OF PLAHS BUILDING CONDBIMONED IL OGN AREA

4 780 sq.m.

BASIS (0N SPACE USE CLASSIFICATION

Tor EORISTRATIVE FEGTOT Lyt

Br_Columbia Region A

Bill Chient

GO,

Figure 8: EE4 compliance report

substantial effort was placed upon training.

Two courses were developed to train voluntary par-
ticipants from industry: an introductory course and a
specialized modelling course. The introductory
course describes the intent and scope of the incen-
tive programme and provides an overview of the
technical requirements for compliance, It also
includes an overview of the principles of simulating
buildings and a demonstration of the EE4 software.
This one-day course provides sufficient information
to building developers and owners for decision-mak-
ing purposes and gives designers the introductory
information required to commence using the EE4
software. This course has been delivered to 400 par-
ticipants in 15 cities across Canada. It has proven to
be critical in raising awareness of the programme.

The second course is specifically targeted at the
technical staff tasked with performing the EE4 simu-
lations. The objectives of the course are to enhance
building simulation (and specifically EE4) skills and
to encourage standardized procedures that can
streamline compliance-checking and verification. A
combination of lectures, case studies, and hands-on
exercises are used throughout the one-day course.
This course has been delivered to 225 participants in
15 locations across Canada.

A complementary building modelling guide has also

enhanced on a regular basis. The interested reader is paan created. This document acts as a repository for

invited to download a fully functional copy of the
software at the following URL: http://ee4.com.

TRAINING COURSES AND MANWALS

The development of compliance-checking software
tools was not sufficient in itself to support the incen-
tive programme. A key programme objective was to
have the design teams perform their own simulation
work. Consequently, as many Canadian architects
and engineers do not currently use energy simula-
tion tools (many use software to size HVAC systems
but not to analyze energy consumption), a

modelling rules, guidelines, and lessons learned
throughout the programme. It provides information
on zoning principles, modelling complex HVAC
systems, and specifying complex fuel and electrical
utility rate structures. The interested reader is
invited to download a copy of this guide at the fol-
lowing URL: http://www.buildings-
group.net/eed/cbip_e.html.

MULTI-MEDIA TRAINING

A computer based training course (CBT) was devel-
oped to complement the training workshops and
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manuals discussed in the previous section. This example is provided in Figure 10). When users have
CBT serves two purposes: it replaces the workshop existing knowledge of a module’s content, they can
for users who are unable to attend a training course use the quiz to confirm their knowledge before
due to geographical constraints; and, as it provides deciding whether to follow the path through the
in-depth information on specific topics, it acts as a module. In this way, users can take advantage of the
source of reference material for all users. CBT’s navigation features to focus their studies on
The CBT's total run time is about four hours, the specific subjects where their knowledge requires
although its self-navigation features allow users infi- €nhancement.

nite choice in the order and extent of learning (Fig- -

ure 9 illustrates the course map). The following top-
ics are covered:

MNECE Form & Function
—

e the incentive programme rules and technical Whatistheoptimalnumberofzones?

requirements;

B Paths to Compliance

8 m:slmulanon 5 | 10 |
2 | 40 |

* some basic principles of building modelling;
« the use of the EE4 simulation software.

H Course Map

o Using this "” B
I T A . vy

CBIP

B oo [ FIEITEE [ TR
Figure 10: Use of quizzesin CBT

Another interesting feature is used to demonstrate
the operation of the EE4 software to new users. The
] sequencing of multiple screen captures in conjunc-
tion with narration easily communicates basic con-
cepts regarding software operation. With this, the
cursor is made to navigate through a series of menu
Figure9: CBT course map selections and dialogue boxes while narration is
used to explain specific input requirements (refer to
The CBT was developed by a team which included a Figure 11). User interaction is required at certain
subject matter expert, an instructional designer, a points in this process to prevent concentration drift.
graphics designer, a multimedia designer, and soft-
ware testers. The subject matter expert (a membergsssse "~ "~ ,

A 3 pening a Project
of the EE4 software development team) provided the ;
technical content while the instructional designer
organized the material to maximize its instructional
value. The instructional designer determined the |t
combination of narration, static graphics, text, and |
software simulations to best communicate the mate-

CBIP Form & Funection Create a new project or open an existing file.

CBIP Paths to Fle Edt Lbay Tock Window He

SR ENEENE)

0
L3

Create a new Building Desciption

scripts were validated by the subject matter expert
prior to the production work. The multimedia |esssses
designer and graphics designer then implemented[* iy
these concepts into electronic format (e.g. WAV files
for sound, JPEG and GIF files for static graphics).
Finally, the electronic components were assembled e S —
into a beta version of the CBT using a multi-media S L
production package, and a team of testers examined Figure11: Demonstrating software operation in CBT
the course in detail before the final production.

One of the interesting features of the CBT is the use Once the basic concepts of EE4’s operation have
of quizzes. Each of the seven learning modules ends Peen described, the CBT provides users with assis-
with a short quiz to allow users to test their knowl- tance to apply their new skills on a worked example.
edge of the information covered in the module (an With the CBT and EE4 running concurrently, the

cBIP
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user is prompted to open an EE4 file included with
the CBT. The CBT provides step-by-step instruc-
tions and hints on completing the data description of
the building (see Figure 12).

based upon a detailed simulation engine.

The detailed simulation software EE4 has, in gen-
eral, been well received by the design community.
EE4’s interface was designed for ease-of-use by

These techniques assist new users to learn the opera- practicing architects and engineers. However, it was

tion of the EE4 software with minimal time invest-

ment, and as such allow them to focus their efforts
on the act of building simulation, rather than tool
operation.

= Energy Efficient Building Design

= Zone Element

This building tree has 18 zones in place

CBIP Paths to Compliance but the building itself has 19.
iy EE4cemo
lllng; Simulation & 5 SwH Boiler
=T WLHP System

) RC-NW/NE Comer

) RC-NE/Core. N Zone Element

%[ ACNE/SE Core Add a zone to represent the third

floor of the building and name it

- [W RC- SE/5W Comer 1

"Mezzanine".

Bl General tab: Fill in details.
I Lighting tab: Fill in details.
mm Mechanical tab: Fill in details.
B Schedules tab: Fill in details.

Click on the red boxes
for detailed instructions.

Click + o continue.

MNECRB

E « F HENBREF -
Figure 12: Guiding first use of EE4in CBT

CONCLUSIONS AND
RECOMMENDATIONS

This paper has provided an overview of how build-
ing simulation is used to support a Canadian Gov-
ernment energy-efficient incentive programme. Two
software tools were developed, one for performing
detailed simulations and the other for providing a
rapid screening against the programme’s technical
criteria.

The latter tool was not originally conceived in the

found that striking a balance between the needs of
novice users and those of experience simulators,
while ensuring that the programme’s technical
requirements were respected, was a challenge.

The EE4 software applies the programme’s technical
requirements, automatically creates the reference
building, and generates a compliance report. These
steps are critical from the perspective of an agency
that is providing financial incentives for energy effi-
cient designs (the same could be said for an agency
charged with verifying that building and energy
codes are being respected). The management of a
programme such as this would not be practically
possible without the inclusion of these features in
software.

Considerable effort has been invested in training and
supporting users. This is a key element that should
not be overlooked in programme design. The avail-
ability of comprehensive on-line help and access to
training (either classroom or computer-based) is crit-
ical, both in maximizing programme adoption and in

minimizing one-on-one support costs.
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