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Foreword by the AIVC

For the past 50 years, a wide variety of building energy simulation programs have been developed,
enhanced, and are in use throughout the building energy community. Modelling ventilation is handled
by all these programmes.

This report provides a comparison of the features and capabilities of twenty major building energy
simulation programs:

BLAST Ener-Win ESP-r PowerDomus
BSim Energy Express IDA ICE SUNREL
DeST Energy-10 IES <VE> Tas

DOE-2.1E EnergyPlus HAP TRACE
ECOTECT eQUEST HEED TRNSYS.

It is important to underline that the comparison is based on information provided by the program
developers in the following 14 categories:

1. general modelling features; 8. HVAC equipment;
2. zone loads; 9. environmental emissions;
3. building envelope, daylighting and solar; 10. economic evaluation;
4. infiltration, ventilation and multi-zone 11. climate data availability;
airflow; 12. results reporting;
5. renewable energy systems; 13. validation;
6. electrical systems and equipment; 14. user interfaces, links to other programs, and
7. HVAC systems; availability.

It is important to recognize (as the authors have) that the reporting of software features was self
nominated by each tool author without verification. This leads to three areas of confusion:
- Terminology - how does one person describe a feature compared to another, who may be from
another country?
- Usability - what is an 'expert’ option for one user may be a standard requirement for another.
- Accountability - who is in a position to check the tables?

Although these issues have been identified but not addressed, the published tables give the interested
reader a basis from which to gain an opinion of a tool. Furthermore, the data presented could form the
basis of a discussion/demonstration about a particular tool, e.g. show me how you would model single
sided natural ventilation in a classroom?

The authors found that even among the ‘mature’ tools, there is not quite a common language to
describe what the tools could do. There is much ambiguity which will continue to require additional
work to resolve in the future.

While the 14 tables may indicate a tool has a capability, there are many nuances of ‘capability’ that the
developers found difficult to communicate. For example, there are several levels of resolution—one
tool may do a simplified solution while another may have multiple approaches for that feature.

It is interesting to observe that human interactions/modeling is not accounted for in the tables. Table 2
covers the calculation of standard comfort/discomfort metrics but nowhere is the heat gain and
behaviour of occupants mentioned, e.g. opening/closing windows or the control of local ventilation
diffusers. This could have serious implications for a given modeling study if the tool could not
address these issues.



The tables attempt to clarify this by providing more depth than a simple X (has capability) by
including:

- P (partially implemented),

- O (optional),

- R (research use),

- E (expert use), or

- | (difficult to obtain input data) or

- through extensive explanatory footnotes.

In many tables, many tools allow user-specified correlations, solution methods, or convergence
criteria. For integrated building air flow simulations the key features required of a tool are:
simultaneous solution of technical domains, user defined time step (say down to 1 minute in length),
how convection is modeled, and the data provided in tables 4, 7 and 8. Table 4, although limited, does
point to deficiencies in several of the tools (e.g. modeling of natural ventilation). However, table 8
suffers from the confusion of system naming in different countries and a feature competition
(e.g. should 'Ice rink in building space' be classified under HVAC equipment, alongside groups such
as coils and humidifiers?).

This report does not attempt to deal with whether the tools would support analysis over the lifetime of
the project—from design through construction into operation and maintenance.

From the experience of the authors, many users are relying on a single simulation tool when they
might be more productive having a suite of tools from which to chose. Early design decisions may not
require a detailed simulation program to deal with massing or other early design problems. The
authors encourage users to consider adopting a suite of tools which would support the range of
simulation needs they usually see in their practice.

The authors also found that there was a relatively new level of attention and interest in publishing
validation results. Several program developers also indicated that they plan to make the simulation
inputs available to users for download in the near future.

There is also the issue of trust: Do the tools really perform the capabilities indicated? What level of
effort and knowledge is required by the user? How detailed is the model behind a tick in the table? For
open source tools, everyone can check the model and adapt it. For the other tools, only very detailed
BESTEST-like procedures can give the answer. We may need a way for users to provide feedback and
ratings for these in the future.

The authors envision this report as a community resource which will be regularly updated and
expanded as the tools (and the simulation field) mature and grow. It is hoped that the table categories
will become better defined in the future to allow easier comparisons between tools.

Ultimately, they see a dynamic web-based community resource with direct links for each tool to
example input files for each capability as well as the suite of validation inputs.

Although the report has a much wider scope than ventilation modelling, we believe that it contains
very valuable information for all those interested in modelling ventilation in building and who are
interested to have a better understanding of the possibilities and limitations of simulation programmes.

Information of these simulation tools can be found in the building energy codes database, which can
be consulted on the AIVC website (www.aivc.org) and which is operated by the US Department of
Energy.


http://www.aivc.org/
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ABSTRACT

For the past 50 years, a wide variety of building energy simulation programs have been developed, enhanced,
and are in use throughout the building energy community. This report provides an up-to-date comparison of the
features and capabilities of twenty major building energy simulation programs: BLAST, BSim, DeST, DOE-
2.1E, ECOTECT, Ener-Win, Energy Express, Energy-10, EnergyPlus, eQUEST, ESP-r, IDA ICE, IES <VE>,
HAP, HEED, PowerDomus, SUNREL, Tas, TRACE and TRNSYS. This comparison is based on information
provided by the program developers in the following categories: general modeling features; zone loads; building
envelope, daylighting and solar; infiltration, ventilation and multizone airflow; renewable energy systems;
electrical systems and equipment; HVAC systems; HVAC equipment; environmental emissions; economic
evaluation; climate data availability; results reporting; validation; and user interfaces, links to other programs,

and availability.

INTRODUCTION

Over the past 50 years, literally hundreds of
building energy programs have been developed,
enhanced, and are in use throughout the building
energy community. The core tools in the building
energy field are the whole-building energy
simulation programs that provide users with key
building performance indicators such as energy use
and demand, temperature, humidity, and costs.

During that time, a number of comparative surveys
of energy programs have been published,
including:

e Building Design Tool Council (BDTC 1984,
1985 and Willman 1985): a procedure for
evaluating simulation tools as well as a report
on ASEAM, CALPAS3, CIRA, and SERI-
RES.

e U.S. Army Construction Engineering Research
Laboratory (Lawrie et al. 1984): evaluation of
available microcomputer energy programs.

e International Energy Agency Solar Heating
and Cooling Programme (IEA SHC) Task 8,
Jorgensen (1983): survey of analysis tools;
Rittelmann and Ahmed (1985): survey of
design tools specifically for passive and hybrid
solar low-energy buildings including summary
results on more than 230 tools.

e Matsuo (1985): a survey of available tools in
Japan and Asia.

e American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (Degelman
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and Andrade 1986): bibliography on programs
in the areas of heating, ventilating, air-
conditioning and refrigeration.

e Building Environmental Performance Analysis
Club (Wiltshire and Wright 1989) and UK
Department of Energy (Wiltshire and Wright
1987): comparison of three tools.

e Bonneville Power Administration: comparison
of energy software for the Energy Edge new
commercial building program (Corson 1990).

e Ahmad and Szokolay (1993): comparative
study of thermal tools used in Australia.

e Scientific Computing: a series of reviews from
1993 through 1995 in Engineered Systems
Magazine (Amistadi 1993, 1995).

e Kenny and Lewis (1995): survey of available
tools for the European Commission.

e Lighting Design and Application magazine
(1996): survey of lighting design software.

e Lomas, Eppel, Martin and Bloomfield (1994):
IEA SHC Task 12 empirical validation of
thermal building simulation programs using
test room data.

e U. S. Department of Energy (Crawley 1996):
directory of 50 building energy tools
developed by DOE'.

e Aizlewood and Littlefair (1996): survey of the
use of daylight prediction models.

! This report comprised the initial content of the Building
Energy Tools Directory launched in August 1996. This web-
based directory now contains information on more than 300
tools: www.energytoolsdirectory.gov
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e Natural Resources Canada (Khemani 1997):
directory of more than 100 tools for energy
auditing.

e Underwood (1997): comparison of the results
from two programs.

e Natural Resources Canada (Zmeureanu 1998,
Haltrecht et al 1999): evaluation of capabilities
of a broad range of simulation engines.

e [EA SHC Task 21 (de Boer and Erhorn 1999):
survey of simple design tools for daylight in
buildings including simple formulas, tables,
nomographs, diagrams, protractors, software
tools, and scale models.

e  Waltz (2000): summary of contact and other
basic information about a variety of building
energy, life-cycle costing, and utility rate tools.

e ARTI 21CR (Jacobs and Henderson 2002):
survey of user requirements (architectural
designers, engineering practitioners, and
design/build  contractors), review whole
building, building envelope, and HVAC
component and system simulation and design
tools, evaluate existing tools relative to user
requirements, and provide recommendations
for further tool development.

This paper provides an up-to-date comparison of
twenty major building energy simulation programs:
BLAST, BSim, DeST, DOE-2.1E, ECOTECT,
Energy-10, Energy Express, Ener-Win,
EnergyPlus, eQUEST, ESP-r, IDA ICE, IES <VE>,
HAP, HEED, PowerDomus, SUNREL, Tas,
TRACE and TRNSYS. The developers of these
programs provided initial detailed information
about their tools, extending an earlier paper by
Crawley et al. (2004) comparing DOE-2.1E,
BLAST, and EnergyPlus. Because the programs
differ substantially from DOE-2, BLAST, or
EnergyPlus in structure, solution method, and
features, the tables were extensively revised and
extended.

Readers are reminded that the tables are based on
vendor-supplied information and only a limited
peer review has been undertaken to verify the
information supplied. Some of the descriptions
within the table employ vendor specific jargon and
thus is somewhat opaque to the broader simulation
community. One of the findings of this project is
that the simulation community is a long way from
having a clear language to describe the facilities
offered by tools and the entities that are used to
define simulation models. As a result the tables are
not yet uniform in their treatment of topics. Some
vendors included components as separate entries
and others preferred a general description of
component types. Clearly there is considerable
scope for improvement in both the layout of the
table and in the clarity of the entries.
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It is the authors’ hope that this will become a living
document that will evolve over time to reflect the
evolution of tools and an evolution of the language
the community uses to discuss the facilities within
tools. This task is beyond the resources of three or
four authors. It requires community input that not
only holds vendors to account for the veracity of
their entries, but injects additional methodologies
into the task of tool comparison.

This report first provides a brief overview of each
of the programs. This is followed by 14 tables
which compare the capabilities for each of the
twenty simulation programs in the following areas:
General Modeling Features, Zone Loads, Building
Envelope and Daylighting, Infiltration, Ventilation
and Multizone Airflow, Renewable Energy
Systems, Electrical Systems and Equipment,
HVAC Systems, HVAC Equipment, Environmental
Emissions, Economic Evaluation, Climate Data
Availability, Results Reporting, Validation, and
User Interface, Links to Other Programs, and
Availability. The twenty software programs are
listed alphabetically in the tables.

OVERVIEW OF THE TWENTY
SIMULATION PROGRAMS

BLAST Version 3.0 Level 334, August 1998
www.bso.uiuc.edu/BLAST

The Building Loads Analysis and System
Thermodynamics (BLAST) tool (Building Systems
Laboratory 1999) is a comprehensive set of
programs for predicting energy consumption and
energy system performance and cost in buildings.
The BLAST program was developed by the U.S.
Army  Construction  Engineering  Research
Laboratory (USA CERL) and the University of
Illinois. BLAST contains three major subprograms:
Space Loads Prediction, Air System Simulation,
and Central Plant. The Space Loads Prediction
subprogram computes hourly space loads in a
building based on weather data and user inputs
detailing the building construction and operation.
The heart of space loads prediction is the room heat
balance. For each hour simulated, BLAST performs
a heat balance for each surface of each zone
described and a heat balance on the room air.

The Air System Simulation subprogram uses the
computed space loads, weather data, and user
inputs describing the building air-handling system
to calculate hot water, steam, gas, chilled water,
and electric demands of the building and air-
handling system. Once zone loads are calculated,
they are translated into hot water, steam, chilled
water, gas, and electrical demands on a central
plant or utility system. This is done by using basic
heat and mass balance principles in the system
simulation subprogram of BLAST. Once the hot
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water, steam, chilled water, gas, and electrical
demands of the building fan systems are known, the
central plant must be simulated to determine the
building's final purchased electrical power and/or
fuel consumption. The Central Plant Simulation
subprogram uses weather data, results of the air
distribution system simulation, and user inputs
describing the central plant to simulate boilers,
chillers, on-site power generating equipment and
solar energy systems; it computes monthly and
annual fuel and electrical power consumption.

BLAST can be used to investigate the energy
performance of new or retrofit building design
options of almost any type and size. In addition to
performing peak load (design day) calculations
necessary for mechanical equipment design,
BLAST also estimates the annual energy
performance of the facility, which is essential for
the design of solar and total energy (cogeneration)
systems and for determining compliance with
design energy budgets. BLAST is no longer under
development and no new versions have been
released since 1998.

BSim Version 4.4.12.11
www.bsim.dk

BSim (Danish Building Research Institute 2004) is
a user-friendly simulation package that provides
means for detailed, combined hygrothermal
simulations of buildings and constructions. The
package comprise several modules: SimView
(graphic model editor and input generator), tsbi5
(hygro-thermal building simulation core), SimLight
(tool for analyses of daylight conditions in simple
rooms), XSun (graphical tool for analyses of direct
sunlight and shadowing), SimPV (a simple tool for
calculation of the electrical yield from PV systems),
NatVent (analyses of single zone natural
ventilation) and SimDxf (a simple tool which
makes it possible to import CAD drawings in DXF
format). Only the most central modules will be
described in the following. For further information
see Rode and Grau (2003).

BSim has been used extensively over the past 20
years, previously under the name tsbi3. Today
BSim is the most commonly used tool in Denmark,
and with increasing interest abroad, for energy
design of buildings and for moisture analysis.

The SimView module offers the user advanced
opportunities for creating the building geometry
and attributing properties to any object of the
building model. SimView has an interface split into
five frames, four showing different views of the
geometry and one showing the model in a
hierarchical tree structure. In this way it is easy for
the user to identify any model object and make
changes to it.

Version 1.0

The core of the BSim program package is a
combined transient thermal and transient indoor
humidity and surface humidity simulation module
tsbi5. The transient simulation of indoor humidity
conditions takes into account the moisture buffer
capacity of building components and furnishings
and the supply of humidity from indoor activities.

XSun is a tool for detailed analyses and simulation
of solar radiation through windows and openings in
building constructions. Analyses of shadows from
remote objects such as neighboring buildings can
also be analyzed by using XSun. During thermal
simulations with tsbi5, the routines of XSun are
used to distribute solar energy to the exact location
in the model. Simulations with XSun can be shown
as animations of the movements of sunspots in the
spaces of the building model. Animations can be
saved as standard Windows video sequences and be
shown on a PC where BSim has not been installed.

DeST Version 2.0, 2005
www.dest.com.cn (Chinese version only)

DeST (Designer’s Simulation Toolkits) is a tool for
detailed analysis of building thermal processes and
HVAC system performance (Chen and Jiang 1999,
Zhu and Jiang 2003). It can provide hourly building
thermal performance, energy consumption and ratio
of loads satisfied by the HVAC systems, and
economic cost results base on the user description.
Based on these results, designers can choose the
best option at different stages in the design process.

Prior to 1995, DeST was called BTP (Building
Thermal Performance), mainly for building thermal
performance analysis (Jiang and Hong 1993). BTP
was validated as part of the IEA BESTEST work in
early nineties (Eppel 1993).

DeST comprises a number of different modules for
handling different functions: Medpha
(Meteorological Data Producer for HVAC
Analysis) (Hong and Jiang 1993), VentPlus
(Module for calculation of natural ventilation),
Bshadow (module for external shadowing
calculation), Lighting (module for indoor lighting
calculation), and CABD (Computer Aided Building
Description, provides the user interface for DeST,
developed based on AutoCAD).

BAS (Building Analysis & Simulation) is the core
module for building thermal performance
calculation. It performs hourly calculations for
indoor air temperatures and cooling/heating loads
for buildings. BAS adopted the state space solution
method for building thermal heat balance equations
(Jiang 1982). For each room, DeST takes into
account the thermal process of adjacent rooms.
DeST can handle complicated buildings of up to
1000 rooms (Hong and Jiang 1997).
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Scheme is the module for analysis of HVAC
scheme, such as zoning method, system type
selection (VAV, CAV or etc.). A designer provides
his scheme (zoning method, system type, etc.) to
DeST, DeST can provide the satisfied ratio and
energy consumption of this scheme, based on
simulation results. By comparing those different
design, Designers can obtain an optimized solution
for the buildings.

DNA (Duct Network Analysis) is the module in
DeST to carry out duct network calculations for
both system design and validation. AHU (Air
Handling Unit) module can provide sufficient
hourly data for the designers to validate the
selected air handing equipments. And also it
provides data needed by CPS module. CPS
(Combined Plant Simulation) is a module to carry
out cooling/heating plant and water pipe network
calculations for both system design and validation,
and it provides the consumption of energy sources.
EAM (Economic Analysis Model) is a module to
carry out the calculations of initial and operating
costs of the designed HVAC system.

There are five versions in the DeST family: DeST-
h (residential buildings), DeST-c (commercial
buildings), DeST-e (building evaluation), DeST-r
(building ratings) and DeST-s (solar buildings).
DeST has been widely used in China for various
prestige large structures such as the State Grand
Theatre and the State Swimming Centre.

DOE-2.1E Version 121, September 2003
simulationresearch.lbl.gov

DOE-2.1E (Winkelmann et al. 1993) predicts the
hourly energy use and energy cost of a building
given hourly weather information, a building
geometric and HVAC description, and utility rate
structure. Using DOE-2.1E, designers can
determine the choice of building parameters that
improve energy efficiency while maintaining
thermal comfort and cost-effectiveness. DOE-2.1E
has one subprogram for translation of input (BDL
Processor), and four simulation subprograms
(LOADS, SYSTEMS, PLANT and ECON).
LOADS, SYSTEMS and PLANT are executed in
sequence, with the output of LOADS becoming the
input of SYSTEMS, etc. The output then becomes
the input to ECONOMICS. Each of the simulation
subprograms also produces printed reports of the
results of its calculations. The Building Description
Language (BDL) processor reads input data and
calculates response factors for the transient heat
flow in walls and weighting factors for the thermal
response of building spaces.

The LOADS simulation subprogram calculates the
sensible and latent components of the hourly
heating or cooling load for each constant
temperature space taking into account weather and
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building use patterns. The SYSTEMS subprogram
handles secondary systems; PLANT handles
primary systems. SYSTEMS calculates the
performance of air-side equipment (fans, coils, and
ducts); it corrects the constant-temperature loads
calculated by the LOADS subprogram by taking
into account outside air requirements, hours of
equipment operation, equipment control strategies,
and thermostat set points. The output of SYSTEMS
is air flow and coil loads. PLANT calculates the
behavior of boilers, chillers, cooling towers,
storage tanks, etc., in satisfying the secondary
systems heating and cooling coil loads. It takes into
account the part-load characteristics of the primary
equipment in order to calculate the fuel and
electrical demands of the building. The
ECONOMICS subprogram calculates the cost of
energy. It can also be used to compare the cost-
benefits of different building designs or to calculate
savings for retrofits to an existing building.

DOE-2.1E has been used extensively for more than
25 years for both building design studies, analysis
of retrofit opportunities, and for developing and
testing building energy standards in the U.S. and
around the world. DOE-2.1E has been used in the
design or retrofit of thousands of well-known
buildings throughout the world. The private sector
has adapted DOE-2.1E by creating more than 20
interfaces that make the program easier to use.

ECOTECT Version 5.50, April 2005
www.ecotect.com

ECOTECT (Marsh 1996) is a highly visual and
interactive complete building design and analysis
tool that links a comprehensive 3D modeller with a
wide range of performance analysis functions
covering thermal, energy, lighting, shading,
acoustics, resource use and cost aspects. Whilst its
modelling and analysis capabilities can handle
geometry of any size and complexity, its main
advantage is a focus on feedback at the conceptual
building design stages. The intent is to allow
designers to take a holistic approach to the building
design process making it easier to create a truly low
energy building, rather than simply size a HVAC
system to cope with a less than optimal design.

ECOTECT aims to provide designers with useful
performance feedback both interactively and
visually. Thus, in addition to standard graph and
table-based reports, analysis results can be mapped
over building surfaces or displayed directly within
the spaces that generated them, giving the designer
the best chance of understanding exactly how their
building is performing and from that basis make
real design improvements.

As well as the broad range of internal calculations
that ECOTECT can execute, it also imports/exports
to a range of more technical and focussed analysis
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engines, such as Radiance, EnergyPlus, ESP-r,
NIST FDS and others -- and for general data
import/export facilities, it includes an array of
formats suitable for use alongside most leading
CAD programs.

The recent addition of a comprehensive scripting
engine that provides direct access to model
geometry and calculation results has made
performance based generative design and
optimisation a very real option for the
environmental  engineer/designer ~who  uses
ECOTECT. Scripting allows models to be
completely interactive and  self-generative,
automatically controlling and changing any number
of parameters, materials, zone stettings or even
geometry during calculations or as the user
specifies—and at a more day-to-day level the
scripting functions are excellent for automating the
more mundane tasks involved in calculation runs,
results comparison and report creation.

ECOTECT is unique within the field of building
analysis in that it is entirely designed and written
by architects and intended mainly for use by
architects—although the software is quickly
gaining popularity through the wider environmental
building design community.

Ener-Win Version EC, June 2005
members.cox.net/enerwin

Ener-Win, originally developed at Texas A&M
University, is an hourly energy simulation model
for assessing annual energy consumption in
buildings. The software produces annual and
monthly energy consumption, peak demand
charges, peak heating and cooling loads, solar
heating fraction through glazing, daylighting
contribution, and a life-cycle cost analysis. Design
data, tabulated by zones, also show duct sizes and
electric power requirements.

The Ener-Win software is composed of several
modules — an interface module, a weather data
retrieval module, a sketching module, and an
energy simulation module.

Ener-Win requires only three basic inputs: (1) the
building type, (2) the building’s location, and (3)
the building’s geometrical data. Default data
derived from the initial inputs include economics
parameters, number of occupied days and holidays,
occupancy, hot water usage, lighting power
densities, HVAC system types and schedules for
hourly temperature settings, lighting use,
ventilation and occupancy.

Weather data generation is done hour-by-hour
(Degelman 1990) based on statistical monthly
means and standard deviations derived from the
World Meteorological Organization and the
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National Solar Radiation Data Base from a 30-year
period of record. The database currently contains
1280 cities. As an alternative, the user may elect to
enter typical weather data from files such as TMY2
or WYEC2.

The sketching interface allows the user to sketch
the building’s geometry and HVAC zones, floor-
by-floor, and specify parameters such as number of
repetitive  floors, floor-to-floor heights, and
building orientation. The user can specify up to 25
zones on each floor or a building total of 98 zones.
Zones are simply represented in plan by different
colors. After the sketching process is complete, a
drawing processor will analyze the geometrical
conditions, including zone floor, roof and wall
areas and how the walls are shaded by adjoining
and outside structures.

Peak values for occupancy, hot water use,
ventilation, lighting, and equipment are also
specified and linked to their respective schedule
numbers. Adjustments of any of the zone properties
can be done by editing the zone description forms.
Usually, some adjustments are desirable for
occupancy numbers, lighting levels, whether
daylighting is to be used and whether natural
ventilation is to be specified. The default HVAC
efficiencies may also be edited.

Load calculations, system simulations, and energy
summations are performed each hour of the year
(Degelman  1990). The resulting zone air
conditioning loads are based on a thermal balance
model. Convective gains are translated into loads
immediately, while the radiative gains are delayed
by weighting factors for each source of heat.

Daylighting algorithms are based on a modified
Daylight Factor method and support dimmer
controls.

The program also has the capability of simulating
the floating space temperature (passive designs) for
comfort analyses in unheated or uncooled spaces.

Output from Ener-Win is produced in both tabular
and graphic forms. The tabular results include:
breakdown of monthly energy loads and utility
bills, energy savings from utilizing daylight, peak
loads, electric demand charges, 24-hour energy use,
temperature, energy and comfort profiles.

The Life-Cycle Cost prediction is the final step in
the program procedures. First costs for the building
are based on the unit costs of walls, windows, and
roofs from the assemblies catalog. Additional first
costs include the lighting system and the
mechanical system. A “Present Worth” analysis is
then performed on the future recurring costs of
fuel, electric, and maintenance. These calculations
are based on fuel price escalation rates and
opportunity interest rates.
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Energy Express Version 1.0, February 2005
www.ee.hearne.com.au

Energy Express (Moller 1996) is a design tool,
created by CSIRO in Australia, for evaluating
energy efficiency of commercial buildings by
estimating energy consumption and cost at the
design stage. The user interface allows fast and
accurate model creation and manipulation.

Energy Express can be used for the analysis of
alternative designs of new buildings and their
mechanical and electrical systems, or in the
assessment of retrofit options being considered for
existing buildings. The energy cost savings of
different design and operation options can then be
evaluated and compared to produce the most
effective combination, before construction.

Energy Express includes a dynamic multi-zone heat
transfer model coupled to an integrated HVAC
model so that zone temperatures are immediately
impacted by any HVAC shortcomings (Moller
1999).

V1.00 includes data libraries covering Australia,
New Zealand and S.E.Asia. EE is designed for the
PC platform, English language and SI units.

There are two versions of Energy Express:

e Energy Express for Architects
e Energy Express for  Engineers (in
development)

Both versions of Energy Express offer

e Built-in 2D CAD facility- for fast geometric
data input and editing.

e View up to ten output reports covering
performance and diagnostics

e Ability to compare a range of alternative
designs and calculate savings.

e  Uses a reduced weather data set, derived from
several years of actual weather data, to reduce
run time

e A simple a/c model to enable architects to
evaluate building facade options without
having to specify details about the air-
conditioning.

e  Status bar hints on every input field.

e Detailed On-line help.

Energy Express for Engineers will offer:

e  Peak load estimate - for equipment sizing.

e A customizable detailed HVAC model more
suited to design engineers.

e Graphic editing of air handling system and
thermal plant layouts.

e Read 8760 hour weather files.

e Read data files from Energy Express for
Architects.
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Energy-10 Version 1.8, June 2005
www.nrel.gov/buildings/energy10

Energy-10 is a user-friendly early design stage
building energy simulation program that integrates
daylighting, passive solar heating, and low-energy
cooling strategies with energy-efficient shell design
and mechanical equipment. The program is geared
toward small commercial and residential buildings
of 10,000 ft* or less—that's where the "10" in
Energy-10 comes from. Developed by the U.S.
Department of Energy since 1992, Energy-10 runs
an hourly thermal network simulation while
allowing users to rapidly explore a wide range of
energy efficiency strategies and plot the results in a
number of ways.

Energy-10 takes a Dbaseline simulation and
automatically applies a number of predefined
strategies ranging from building envelope
(insulation, glazing, shading, thermal mass, etc.)
and system efficiency options (HVAC, lighting,
daylighting, solar service hot water and integrated
photovoltaic electricity generation). Full life-cycle
costing is an integral part of the software. Starting
from building location, footprint, usage type and
HVAC type Energy-10 can generate reference and
low-energy target cases in seconds based on full
annual hourly simulation. Ranking graphs for
individual strategies can guide early design
analysis. Built-in graphs including an embedded
version of “DVIEW” allow flexible review of
summary and hourly results.

Energy-10 can be used to evaluate and select
strategies for much larger buildings. Insulation
levels, daylighting, glazing, shading, and passive
solar strategies can be calculated under the
assumption that a large building is kept at a
reasonably uniform temperature. However, overall
energy use may be underestimated because HVAC
interactions between multiple zones may not be
accurately represented.

Energy-10 allows rapid exploration of broad design
issues effecting energy performance early in design
based on a BESTEST (ASHRAE Standard 140-
2001) validated thermal simulation engine.

EnergyPlus Version 1.2.2, April 2005
www.energyplus.gov

EnergyPlus (Crawley et al. 2004) is a modular,
structured software tool based on the most popular
features and capabilities of BLAST and DOE-2.1E.
It is primarily a simulation engine; input and output
are simple text files. EnergyPlus grew out of a
perceived need to provide an integrated
(simultaneous loads and systems) simulation for
accurate temperature and comfort prediction. Loads
calculated (by a heat balance engine) at a user-
specified time step (15-minute default) are passed
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to the building systems simulation module at the
same time step. The EnergyPlus building systems
simulation module, with a variable time step (down
to 1 minute as needed), calculates heating and
cooling system and plant and electrical system
response. This integrated solution provides more
accurate space temperature prediction—crucial for
system and plant sizing, occupant comfort and
occupant health calculations. Integrated simulation
also allows users to evaluate realistic system
controls, moisture adsorption and desorption in
building elements, radiant heating and cooling
systems, and interzone air flow.

EnergyPlus has two basic components—a heat and
mass balance simulation module and a building
systems simulation module. The building systems
simulation manager handles communication
between the heat balance engine and various
HVAC modules and loops, such as coils, boilers,
chillers, pumps, fans, and other
equipment/components. User-configurable heating
and cooling equipment components give users
flexibility in matching their simulation to actual
system configuration. HVAC air and water loops
are the core of the building systems simulation
manager—mimicking the network of pipes and
ducts found in real buildings. The air loop
simulates air transport, conditioning and mixing,
and includes supply and return fans, central heating
and cooling coils, heat recovery, and controls for
supply air temperature and outside air economizer.
The air loop connects to the zone through the zone
equipment. Users can specify more than one
equipment type for a zone.

The heat and mass balance calculations are based
on IBLAST—a research version of BLAST with
integrated HVAC systems and building loads
simulation. The heat balance module manages the
surface and air heat balance modules and acts as an
interface between the heat balance and the building
systems simulation manager. The surface heat
balance module simulates inside and outside
surface heat balances; interconnections between
heat balances and boundary conditions; and
conduction, convection, radiation, and mass
transfer (water vapor) effects. The air mass balance
module deals with various mass streams—
ventilation and exhaust air, and infiltration—
accounting for zone air thermal mass and direct
convective heat gains.

EnergyPlus inherits three popular windows and
daylighting models from DOE-2.1E—fenestration
performance based on WINDOW 5 calculations,
daylighting using the split-flux interreflection
model, and anisotropic sky models. EnergyPlus’
detailed daylighting module calculates interior
daylight illuminance, glare from windows, glare
control, and electric lighting controls (on/off,
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stepped, continuous dimming), and calculates
electric lighting reduction for the heat balance
module. In addition, a new daylighting analysis
module named DElight has been integrated with
EnergyPlus. This module uses a radiosity
interreflection method, and includes newly
developed methods for analyzing complex
fenestration systems characterized by bi-directional
transmittance data.

eQUEST Version 3.55, February 2005
www.doe2.com/equest

eQUEST is an easy to use building energy use
analysis tool which provides professional-level
results with an affordable level of effort. This is
accomplished by combining a building creation
wizard, an energy efficiency measure (EEM)
wizard and a graphical results display module with
an enhanced DOE-2.2-derived building energy use
simulation program.

eQUEST features a building creation wizard that
walks you through the process of creating an
effective building energy model. This involves
following a series of steps that help you describe
the features of your design that would impact
energy use, such as architectural design, HVAC
equipment, building type and size, floor plan
layout, construction materials, area usage and
occupancy, and lighting system.

After compiling a building description, eQUEST
produces a detailed simulation of your building, as
well as an estimate of how much energy it would
use. Although these results are generated quickly,
this software utilizes the full capabilities of DOE-
2.2.

Within eQUEST, DOE-2.2 performs an hourly
simulation of your building design for a one-year
period. It calculates heating or cooling loads for
each hour of the year, based on the factors such as:
walls, windows, glass, people, plug loads, and
ventilation. DOE-2.2  also  simulates the
performance of fans, pumps, chillers, boilers, and
other energy-consuming devices. During the
simulation, DOE-2.2 also tabulates your building’s
projected energy use for various end uses.

eQUEST offers several graphical formats for
viewing simulation results. For instance, graphing
the simulated overall building energy on an annual
or monthly basis or comparing the performance of
alternative building designs. In addition, eQUEST
allows you to perform multiple simulations and
view the alternative results in side-by-side graphics.
It offers energy cost estimating, daylighting and
lighting  system  control, and  automatic
implementation of common energy efficiency
measures (by selecting preferred measures from a
list). In the latest versions, a three-dimensional
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view of the building geometry is available as well
as HVAC system diagrams.

ESP-r Version 10.1, February 2005
www.esru.strath.ac.uk/Programs/ESP-r.htm

ESP (ESRU 2005, Clarke 2001) is a general
purpose, multi-domain—building thermal, inter-
zone air flow, intra-zone air movement, HVAC
systems and electrical power flow—simulation
environment which has been under development
for more than 25 years. It follows the pattern of
‘simulation follows description’ where additional
technical domain solvers are invoked as the
building and system description evolves. Users
have options to increase the geometric,
environmental control and operational complexity
of models to match the requirements of particular
projects. It supports an explicit energy balance in
each zone and at each surface and uses message
passing between the solvers to support inter-
domain interactions (Clarke 2001). It works with
third party tools such as Radiance to support higher
resolution assessments as well as interacting with
supply and demand matching tools.

ESP-r is distributed as a suite of tools. A project
manager controls the development of models and
requests computational services from other
modules in the suite as well as 3™ party tools.
Support modules include: climate display and
analysis, an integrated (all domain) simulation
engine, environmental impacts assessment, 2D-3D
conduction grid definitions, shading/insolation
calculations, viewfactor calculations, short-timestep
data definitions, mycotoxin analysis, model
conversion (e.g. between CAD and ESP-r) and an
interface to the visual simulation suite Radiance.

ESP-r is distributed under a GPL license through a
web site which also includes an extensive
publications list, example models, cross-referenced
source code, tutorials and resources for developers.
It runs on almost all computing platforms and
under most operating systems.

Although ESP-r has a strong research heritage (e.g.
it supports simultaneous building fabric/network
mass flow and CFD domains), it is being used as a
consulting tool by architects, engineers, and
multidiscipline practices and as the engine for other
simulation environments.

HAP Version 4.20a, February 2004
www.commercial.carrier.com

Carrier’s Hourly Analysis Program (HAP) (Carrier
Corporation 2003) provides two powerful tools in
one software package. HAP sizes HVAC systems
for commercial buildings. It also simulates 8760-hr
building energy performance to derive annual
energy use and energy costs.

Version 1.0

HAP is designed for the practicing engineer, to
facilitate the efficient day-to-day work of
estimating loads, designing systems and evaluating
energy performance. Careful attention has been
given to design of the graphical user interface and
to reporting features. Tabular and graphical output
reports provide both summary and detailed
information about building, system and equipment
performance.

HAP uses six calculation engines to perform its
work. The Loads engine uses the ASHRAE
Transfer Function Method to analyze dynamic heat
transfer in the building, producing space cooling
and heating loads. The Systems engine simulates
the thermomechanical operation of air side systems.
The Sizing engine integrates with both the Loads
and Systems engines to determine required sizes for
diffusers, air terminals, fans, coils and humidifiers.
The Plant engine simulates the operation of chilled
water and hot water plants. The Building engine
collects energy and fuel consumption data from the
System and Plant calculations and combines it with
utility rate specifications to produce energy meter
consumption totals and energy costs. Finally, a
Life-cycle engine in a separate, but integrated
program combines energy costs from HAP with
purchase, installation and maintenance costs to
derive life-cycle costs.

HAP is suitable for a wide range of new design and
retrofit applications. It provides extensive features
for configuring and controlling air-side HVAC
systems and terminal equipment. Part-load
performance models are provided for split DX
units, packaged DX units, heat pumps, chillers and
cooling towers. Hydronic loops can be simulated
with  primary-only and  primary/secondary
configurations, using constant speed or variable
speed pumps. Energy costs can be calculated with
simple or complex utility rates, the latter including
energy and demand charges, time of day and year
pricing, and demand determination clauses such as
ratchets.

HAP is in its 20" year providing design and
simulation solutions to the HVAC engineering
community. It complies with simulation tool
requirements outlined in ASHRAE Standard 90.1-
2001 section 11.2 and Federal Register 10 CFR 434
section 434.521. Data generated with HAP is
accepted for LEED project submissions. HAP has
been tested using ASHRAE Standard 140-2001
procedures and test results are published with the
software.

HEED Version 1.2, January 2005
www.aud.ucla.edu/heed

The objective of HEED (Milne et al. 2004) is to
combine a single-zone simulation engine with a
user-friendly interface. It is intended for use at the
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very beginning of the design process, when most of
the decisions are made that ultimately impact the
energy performance of envelope-dominated
buildings.

HEED uses an expert system to transform limited
user inputs into two base case buildings, scheme 1
meets California’s Title 24 Energy Code, and
scheme 2 is usually about 30% more energy
efficient. This second scheme incorporates the most
appropriate mix of passive heating and cooling
design strategies for the local climate, including

improvements to geometry, orientation,
construction, window shading, glazing, internal
mass, intelligent natural/fan ventilation,

daylighting, etc. The user can then easily modify
the initial schemes for their specific requirements.
For more advanced users, all this design data can
be entered numerically. HEED automatically
manages up to 9 schemes for up to 25 different
projects.

Performance output data is presented graphically,
in a wide array of formats, in addition to the
conventional tabular form. The Basic output is a set
of bar charts comparing gas and electricity costs for
up to nine different schemes, showing how heating,
cooling, fans, lights, and plug loads break out.
Advanced outputs includes hourly 3D surface plots
showing performance for each hour of each month
of the year, for sixteen components of the
building’s total loads, plus heat gain and loss,
indoor air temperatures, air change rate, furnace
and air conditioner energy consumption, power for
lights and fans, and gas and electricity costs.
Comparing these 3D plots side-by-side for different
schemes reveals the most subtle differences in of
building performance. There are also 3D bar charts
comparing over 40 variables against up to 9
schemes, including in pounds of air pollution, cubic
feet of greenhouse gasses, and dollar cost for gas
and electricity.

HEED uses the Solar-5 engine, a whole-building
hourly heat balance simulation program that has
been in development for over 30 years. It calculates
an hourly heat balance for 8760 hours in a year (or
for any 12 day snapshot) using the standard
ASHRAE equations, plus the Mackey and Wright
time lag and decrement factor method to account
for heat flow through opaque surfaces, as well as
the admittance factor method to account for the
thermal storage in internal mass. It includes
features like an intelligent whole-house fan
thermostat, operable shading controls, window-
dependent daylighting, operable night window
insulation, and it calculates the air pollution
produced by each scheme. HEED has been
validated using the BESTEST envelope procedure
(ASHRAE Standard 140-2001).

Version 1.0

It comes with climate data for all 16 California
climate zones, plus detailed rates for California’s
major electric and gas utilities. Other utility rates
can be user input, and Energy Plus world-wide
climate data can be imported directly. The
Frequently Asked Questions file explains how to
use HEED for non-residential buildings.

HEED’s strengths are ease of use, simplicity of
input data, a wide array of graphic output displays,
computational speed, and the ability to quickly
compare multiple design alternatives. Context
specific Help, Advice, and a FAQ file are included.
A full Spanish language version is also included.
HEED is free, and can be downloaded from
www.aud.ucla.edu/heed.

IDA ICE Version 3.0, build 15, April 2005
www.equa.se/ice

IDA Indoor Climate and Energy (IDA ICE) (Sahlin
et al. 2004, Sahlin et al. 2003) is based on a general
simulation platform for modular systems, IDA
Simulation Environment (Sahlin and Grozman
2003). Physical systems from several domains are
in IDA described using symbolic equations, stated
in either or both of the simulation languages
Neutral Model Format (NMF) (www.equa.se) or
Modelica (www.modelica.org). User defined
tolerances control solution accuracy, allowing
complete isolation of numerical errors from
modeling approximations. Efficient DAE solvers
are used to achieve a close to linear relationship
between problem size and execution time for most
problem types. The building simulation end-user
benefits from this approach in several ways:

1. Model extensions may be added as needed, by
purchase or own development.

2. The mathematical model is fully transparent to
the user, i.e. all variables, equations and
parameters can be inspected to investigate
model behavior.

3. Models from research work are easily made
useful in commercial design.

4. The cost of maintaining and improving the
general platform is shared among several
domains, enabling commercially driven
building simulation development. Locally
adapted offerings of commercial quality,
manufacturer-neutral, software and services
can then become a reality.

The IDA building simulation application Indoor
Climate and Energy was specified and partly
financed by an industrial consortium and has since
its release in 1998 grown to become a leading
international tool. Special strengths are associated
with a northern European engineering culture,
represented by for example displacement
ventilation, active chilled beams, radiative devices,
air and water based slab systems. All Termodeck
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buildings are for example designed using IDA ICE.
A special strength is realistic modeling of controls,
enabling study of local loop behavior in a whole-
building context.

IDA ICE offers separated but integrated user
interfaces to different user categories:

e Wizard interfaces — leading the user through
the steps of building a model for a specific
type of study. The Internet browser based IDA
Room wizard for cooling and heating load
calculations is available free of charge over the
Internet, serving some 5000 registered users in
six (soon eight) languages.

e Standard level interface — where the user is
expected to formulate a reasonable simulation
model using domain specific concepts and
objects, such as zones, radiators and windows.
A great majority of the approximately 500
paying users rely on this interface, which is
currently available in English, German,
Swedish and Finnish.

e Advanced level interface — where the user is
able to browse and edit the mathematical
model of the system.

e NMF and/or Modelica programming — for
developers.

IES <VE> Version 5.2, December 2004
www.iesve.com

IES <Virtual Environment> (IES <VE>) provides
design professionals with a range of design-
oriented building analysis within a single software
environment. At the core of the model is a 3-D
geometric representation of the building to which
application specific data is attached in views
tailored to specific design tasks. The single model
allows easy data exchange among applications.

IES <VE> incorporates ApacheSim, a dynamic
thermal simulation tool based on first-principles
mathematical modelling of building heat transfer
processes. It has been tested using ASHRAE
Standard 140 and qualifies as a Dynamic Model in
the CIBSE system of model classification. The
program provides an environment for the detailed
evaluation of building and system designs, allowing
them to be optimized with regard to comfort criteria
and energy use.

ApacheSim can be linked dynamically to MacroFlo
for natural ventilation and infiltration analysis, to
ApacheHVAC for component based system
simulation and to SunCast for detailed shading and
solar penetration analysis. Results from ApacheSim
may be automatically exported as boundary
conditions for the MicroFlo CFD program

The program provides an environment for the
detailed evaluation of building and system designs,
allowing them to be optimized with regard to
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comfort criteria and energy use. Among the issues
that can be addressed with ApacheSim are thermal
insulation (type and placement), building dynamics

& thermal mass, building configuration and
orientation, climate response, glazing, shading,
solar gain, solar penetration, casual gains, air-
tightness, natural ventilation, mechanical
ventilation, mixed-mode systems, and HVAC

systems.

Within ApacheSim, conduction, convection and
radiation heat transfer processes for each element
of the building fabric are individually modeled and
integrated with models of room heat gains, air
exchanges and plant. The simulation is driven by
real weather data and may cover any period from a
day to a year. The time-evolution of the building’s
thermal conditions is traced at intervals as small as
one minute.

ApacheSim results are viewed in Vista, a
graphics driven tool for data presentation and
analysis. Vista provides facilities for
interrogating the results in detail or at various
levels of aggregation, and includes functions
for statistical analysis. Simulation results
include:

e Over 40 measures of room performance
including air and radiant temperature,
humidity, CO,, sensible and latent loads,
gains and ventilation rates

e Comfort statistics

e Natural ventilation rates  through
individual windows, doors and louvers

e Surface temperatures for comfort analysis
and CFD boundary conditions

e  Plant performance variables
Loads and energy consumption

e  Carbon emissions

PowerDomus Version 1.5, September 2005
www.pucpr.br/Ist

PowerDomus (Mendes et al. 2003) is a whole-
building simulation tool for analysis of both
thermal comfort and energy use. It has been
developed to model coupled heat and moisture
transfer in buildings when subjected to any kind of
climate conditions, i.e., considering both vapor
diffusion and capillary migration. Its models
predict temperature and moisture content profiles
within multi-layer walls for any time step and
temperature and relative humidity for each zone, by
using the finite-volume approach and the
mathematical method developed by Mendes et al.
(2002). The use of this method avoids numerical
oscillations, since it keeps the discrete equations
strongly coupled between themselves, preventing
the occurrence of physically unrealistic behavior
when time step is increased and producing a
numerically stable method, which is very suitable
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to be used in building yearly energy simulation
programs. Integrated simulation of HVAC systems
can be performed for both direct and indirect
expansion systems.

PowerDomus allows users to visualize the sun path
and inter-buildings shading effects and provides
reports with graphical results of zone temperature
and relative humidity, PMV and PPD, thermal
loads statistics, temperature and moisture content
within user-selectable walls/roofs, surface vapor
fluxes and daily-integrated moisture sorption/
desorption capacity.

On-off and PID control strategies can be applied to
individual heaters or DX-systems and 1-minute
time intervals for schedules can be considered
allover.

For the floor, the Dirichlet conditions for
temperature and moisture content at the lower soil
surface or adiabatic and impermeable conditions
for deeper surfaces can be considered. There is also
the possibility to read temperature and moisture
content data generated by the Solum 3-D
Simulation model (Santos and Mendes, 2003),
which provides spatial distribution of temperature
and moisture content in soils for each user-defined
time sample.

PowerDomus has been conceived to be a very user-
friendly software in order to stimulate a larger
number of users to use building simulation
software. It has been developed in the C++
language under C++ Builder environment using a
3-D OpenGL graphical interface and it is available
on the PC platform under Windows 2000 and XP
operating systems.

SUNREL Version 1.14, November 2004
www.nrel.gov/buildings/sunrel

SUNREL (Deru et al. 2002) is an hourly building
energy simulation program developed by NREL's
Center for Building and Thermal Systems that aids
in the design of small energy-efficient buildings
where the loads are dominated by the dynamic
interactions between the building's envelope, its
environment, and its occupants. The program is
based on fundamental models of physical behavior
and includes algorithms specifically for passive
technologies, such as Trombe walls, programmable
window shading, advanced glazing, natural
ventilation, and rock bins. Conduction is calculated
with a 1-D finite difference formulation; therefore,
there is no practical limit on the thickness of walls
or thermal capacitance. Interzone heat transfer by
convection and radiation is handled by user defined
heat transfer coefficients. External surface
convection coefficients are user defined (or default)
constants. Interior surface convection and radiation
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heat transfer is calculated using user defined (or
default) constants.

SUNREL has a simplified multizone nodal airflow
algorithm that can be used to calculate infiltration
and natural ventilation. Inputs for infiltration
include the effective leakage area per zone and the
estimated distribution of the leakage area over each
wall. The natural ventilation inputs include the
opening size, height, location, and operating
temperature schedule. Wind pressure coefficients
can be user defined or calculated from a simple
correlation using wind speed and direction.

Windows can be modeled with detailed optical
properties and U-values or via data import from
Window 4 or 5. Thermochromic windows can also
be modeled if the optical data is available to create
a Window model.

SUNREL only models idealized HVAC equipment.
The equipment and loads calculations are solved
simultaneously, and the equipment capacities can
be fixed by the user or set to always meet the load.
Fans can be used to move a schedulable fixed
amount of air between zones or from outside.
SUNREL can read TMY, TMY2, BLAST, and
SUNREL weather files. A graphical interface can
be used to create and revise the text input files. The
interface allows a single run or parametric runs for
a single variable at a time.

Tas Version 9.0.7, May 2005
www.edsl.net

Tas (EDSL 1989) is a suite of software products,
which simulate the dynamic thermal performance
of buildings and their systems. The main module is
Tas Building Designer, which performs dynamic
building simulation with integrated natural and
forced airflow. It has a 3D graphics based geometry
input that includes a CAD link. Tas Systems is a
HVAC systems/controls simulator, which may be
directly coupled with the building simulator. It
performs automatic airflow and plant sizing and
total energy demand. The third module, Tas
Ambiens, is a robust and simple to use 2D CFD
package which produces a cross section of micro
climate variation in a space.

Simulation data (shading, surface information etc)
is extracted from the Tas 3D model, including an
automatically generated air flow network. Tas
combines dynamic thermal simulation of the
building structure with natural ventilation
calculations which include advanced control
functions on aperture opening and the ability to
simulate complex mixed mode systems. The
software has heating and cooling plant sizing
procedures, which include optimum start. Tas has
20 years of commercial use in the UK and around
the world. It has a reputation for robustness,
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accuracy and a comprehensive range of
capabilities. There is an extensive Theory Manual
detailing simulation principles and assumptions.
Developments are regularly tested against
ASHRAE, CIBSE and ISO/CEN standards.
Originally developed at Cranfield Institute in the
UK, it has been commercially developed and
supported since 1984.

TRACE 700 Version 4.1.10, November 2004
www.tranecds.com

The TRACE 700 program (Trane 1992), developed
by the Trane Company, is divided into four distinct
calculation phases: Design, System, Equipment and
Economics.

The user can choose from several different load
methodologies: TETD, CLTD/CLF, ASHRAE
RTS, and others.

During the Design Phase the program first
calculates building heat gains for each month based
on the building geometry, schedules of use,
infiltration and ventilation. The heat gain profile is
then converted into a cooling load profile which
accounts for the thermal time lag characteristics of
the building and peak loads. The program next
performs a psychrometric analysis to determine the
desired cooling and heating supply air
temperatures. Then the load and psychrometric
calculations are repeated to more accurately
account for the hourly plenum temperature’s affect
on the space and coil loads. Finally, the program
sizes all coils and air handlers based on these
maximum loads and the psychrometrically
determined values of supply air dry bulb.

During the System Phase, the dynamic response of
the building is simulated for an 8760-hour (or
reduced) year by combining room load profiles
with the characteristics of the selected airside
system to predict the load imposed on the
equipment. The program will track the wet and dry
bulb condition of air as it travels through the
building either gaining or releasing heat along the
way. In addition to energy recovery, both indirect
and direct dehumidification strategies can be
simulated to predict the humidity levels in every
room of the building.

The Equipment Phase uses the hourly coil loads
from the System Phase to determine how the
cooling, heating, and air moving equipment will
consume energy. In addition, the cooling
equipment also takes into account the effect of the
ambient dry and wet bulb temperatures upon
equipment performance.

The Economic Phase combines economic input
supplied by the user with the energy usage from the
Equipment Phase to calculate each alternative's
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utility cost, installed cost, maintenance cost and life
cycle cost. From the economic parameters input, a
detailed life cycle analysis is performed for each
alternative and comparisons made between the
alternatives.

TRNSYS Version 16.0.37, February 2005
sel.me.wisc.edu/trnsys

TRNSYS (Klein et al. 2004) is a transient system
simulation program with a modular structure that
was designed to solve complex energy system
problems by breaking the problem down into a
seriecs of smaller components. TRNSYS
components (referred to as "Types") may be as
simple as a pump or pipe, or as complicated as a
multi-zone building model.

The components are configured and assembled
using a fully integrated visual interface known as
the TRNSYS Simulation Studio, and building input
data are entered through a dedicated visual
interface (TRNBuild). The simulation engine then
solves the system of algebraic and differential
equations that represent the whole system. In
building simulations, all HVAC-system
components are solved simultaneously with the
building envelope thermal balance and the air
network at each time step. The program typically
uses 1-hour or 15-min time steps but can achieve
0.1-sec time steps. User-selectable (e.g. hourly and
monthly) summaries can be calculated and printed.

In addition to a detailed multizone building model,
the TRNSYS library includes many of the
components commonly found in thermal and
electrical energy systems: solar thermal and
photovoltaic systems, low energy buildings and
HVAC systems, renewable energy systems,
cogeneration, and hydrogen systems (e.g. fuel
cells). It also provides component routines to
handle input of weather data or other time-
dependent forcing functions and output of
simulation results.

The modular nature of TRNSYS facilitates the
addition of new mathematical models to the
program. Components can be easily shared between
users without recompiling the program thanks to
the drop-in DLL technology. Simple components,
control strategies or pre- and post-processing
operations can also be implemented directly in the
input file using simple equations supporting the
usual mathematical and logical operators and can
use the (optionally delayed) outputs of other
components. In addition to the ability to develop
new components in any programming language, the
program allows to directly embed components
implemented using  other software (e.g.
Matlab/Simulink, Excel/VBA, and EES).
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Additionally, TRNSYS includes the ability to add
HTML-like syntax to any input file. An interpreter
program called TRNSED allows non-TRNSYS
users to then view and modify a simplified,
webpage like representation of the input file and
perform parametric studies.

COMPARISON AMONG THE TOOLS

Readers of the report who have specific simulation
tasks or technologies in mind should be able to
quickly identify likely candidate tools. The web
sites and detailed references and footnotes included
in the report would then allow a potential user to
confirm that the programs indeed have the
capabilities.

The remainder of this report contains the 14 tables
which compare the capabilities and features of the
20 programs, which are listed alphabetically.

Table 1 General Modeling Features

This table provides an overview of how the various
tools approach the solution of the buildings and
systems described in a user’s model, the frequency
of the solution, the geometric elements which zones
can be composed and exchange supported with
other CAD and simulation tools. The table
indicates that the majority of tools support the
simultaneous  solution  of  building and
environmental systems. Increasingly tools allow
users to study performance at finer increments than
one hour, especially for environmental systems. In
the vendors’ view there is support for a full
geometric description. Certainly geometric detail
differs between the tools and users will want to
check the vendors’ web sites for specifics. A few
tools support exchange data with other simulation
tools so that second numerical opinions can be
acquired without having to re-enter all model
details.

Table 2 Zone Loads

This table provides an overview of tool support for
solving the thermophysical state of rooms: whether
there is a heat balance underlying the calculations,
how conduction and convection within rooms are
solved, and the extent to which thermal comfort can
be assessed. The majority of vendors claim a heat
balance approach although few of these report
energy balance (see Table 12). This table indicates
considerable variation in facilities on offer. Eight
tools claim no support for thermal comfort. Of
those that do, Fanger is supported almost as often
as mean radiant temperature. The table indicates
that there is a sub-set of tools supporting additional
inside surface convection options. Most tools claim
support for internal thermal mass, but the specifics
are not yet included in the table. Users would need
to check the vendors’ web sites for further detail.
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Table 3 Building Envelope and Daylighting

This table provides an overview of tool treatment
of solar radiation outside a building as well as its
distribution within and between zones. The table
also covers outside surface convection, how
interactions with the sky and ground are treated.
Not stated in the table are assumptions that tools
deal with the sun and that sunlight entering a room
is accounted for. Inclusion in the table is mostly
for additional facilities. The table indicates that
most vendors view lighting control as worthy of
support but few tools yet accept the full complexity
of blinds or translucent fagade elements. As
expected, most vendors support only 1-dimensional
conduction. But users are often confronted by
restrictions in solar and visible radiation treatment
that can be traced to the age of the underlying
computational methods.

Table 4 Infiltration, Ventilation and Multizone
Airflow

This table provides an overview of how air
movement, either from the outside or between
rooms or in conjunction with environmental
systems are treated. All tools claim to provide at
least a single zone infiltration model, somewhat
fewer claim to deal with natural ventilation and
fewer still, support airflow via a pressure network
model. As expected, tool vendors associated with
the manufacture of system components tend not to
support much in the way of non-mechanical design
options. Interestingly, a number of vendors now
offer support for displacement ventilation. None of
the tables include items related to indoor air quality
yet even though this has certainly been an issue that
has been raised in various international conferences
and research journals. Clearly this table will expand
in future versions, but for now readers should look
for further information from the vendor sites.

Table 5 Renewable Energy Systems

This brief table provides an overview of renewable
energy systems. The table is based on entries
suggested by vendors and is not yet complete in
terms of its coverage of such designs, what is
required of the user to define such designs or the
performance indicators that are reported. With a
few exceptions, vendors have few facilities for such
assessments.

Table 6 Electrical Systems and Equipment

This table provides an overview of how electrical
systems and equipment are treated in each tool. The
majority of tools claim support for building power
loads. Yet most of these loads are simply scheduled
inputs. As with renewable energy systems, support
for electrical engineers is sparse. There appears to
be increasing support for basic cogeneration
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facilities, but readers should check with vendors to
see what the specifics are.

Table 7 HVAC Systems

This table provides an overview of HVAC systems,
with additional sections for demand-controlled
ventilation, CO, control and sizing. Readers should
also consult Table 8, which has sections for other
environmental control systems and components. At
the beginning of the table is an indicator as to
whether HVAC systems are composed from
discrete components (implying that the user has
some freedom in the design of the system) or that
there are system templates provided. It is notable
that some tools now claim to support CO, sensor
control of HVAC systems. Automatic sizing is
offered by quite a few tools. Most tools offer a
range of zonal and room air distribution devices.
However, without further investigations it would be
difficult for a reader to confirm whether a particular
vendors offering is appropriate or what aspects of
its performance are assessed.

Table 8 HVAC Equipment

This table provides an overview of the HVAC
components as well as components used in central
plant as well as components associated with
domestic hot water. This table is diverse because it
reflects the diversity that vendors currently support.
Such diversity requires the user scan the full table
for items of interest. For example, almost all tools
support various types of pumps, but few claim to
have heat exchangers in the early sub-section, but
most mention heat exchangers in a later section on
air-to-air energy recovery. DX coils seem to be
included in multiple sub-sections. It remains for a
later version to begin the substantial task of
confirming the equivalence of like-named entities
and imposing an overall structure. Table 7 and 8 in
their current form mask even more diversity
because vendors offering component X because it
has the same name as that offered by another
vendor. Each has likely taken a different approach
to implementation ranging from curve fits to
entities that take into account the underlying
physics. We urge readers not to count the boxes
ticked, but to dig deeper to confirm whether what is
on offer actually is appropriate for use in a
particular simulation project and we would be most
interested in updating the table to reflect additional
information.

Table 9 Environmental Emissions

This table gives an overview of the emissions
associated with the energy use of buildings and
environment control systems. Users of most tools
are able to get reports on major greenhouse gases.
There are other environmental impacts which are
available to support national standards. This table
does not address how difficult it is to gather and
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support the underlying data requirements for
environmental emissions.

Table 10 Economic Evaluation

This brief table provides a few hints as to vendor
support for energy cost analysis and life-cycle cost
analysis. Support is, at best, mixed and would
appear to be sensitive to region-specific standards
and laws. Probably there is no such thing as a life-
cycle cost definition that would be agreed upon by
every tool vendor that offers the facility. Clearly
there is scope for this table to expand so as to
highlight the diversity of vendor support.

Table 11 Climate Data Availability

This table gives a summary of climatic data related
issues. There is still a cacophony of climate file
types and many tools support a range of formats.
One trend over the last few years is the growth in
the number of locations supported by the EPW file
format as well as the number of tools which use
this format. It will be interesting to see if some
tool-specific formats disappear in preference to this
emerging standard.

Table 12 Results Reporting

At the end of the day, simulation use is only useful
if users can get access to indicators of performance.
The table indicates a considerable diversity in the
data that simulation tools generate as well as the
format of the reports. In general, users can create
reports based on performance indicators that they
choose. A few tools provide in-built facilities to
graph and carry out statistical operations. Most
tools assume considerable proficiency with third
party graphing and spreadsheet applications. It is
interesting to note that simulation tools are among
the most disk-filling of applications, yet no tool
vendor makes any claims about writing to
enterprise class database formats.

Table 13 Validation

This table gives an indication of the steps that
vendors have taken to test software. In some cases
the validation is against an analytical standard, in
others validation is comparison between tools.
Some show conformance to a particular national or
international standard. The footnotes and references
for the validation exercises are, perhaps among the
primary findings of this report. Although vendors
would not accidentally tick a box in error, readers
are advised to check the references given for the
specifics of the validation work.

Table 14 User Interface, Links to Other
Programs, and Availability

This table takes a different format from the others
and allows brief discussions of aspects of each tool
that did not fit into the other tables and footnotes.
The authors commend this table to the reader

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

because it highlights issues which could be critical
in their understanding of simulation tools.

CONCLUSIONS

As we began working on this paper, we found that
even among the ‘mature’ tools, there was not quite
a common language to describe what the tools
could do. There was much ambiguity which will
continue to require additional work to resolve in the
future.

While the tables may indicate a tool has a
capability, we note that there are many nuances of
‘capability’ that the developers found difficult to
communicate. For example, there are several levels
of resolution—one tool may do a simplified
solution while another may have multiple
approaches for that feature.

The tables attempt to clarify this by providing more
depth than a simple X (has capability) by including
P (partially implemented), O (optional), R
(research use), E (expert use), or I (difficult to
obtain input data) or through extensive explanatory
footnotes. In many tables, many tools allow user-
specified correlations, solution methods, or
convergence criteria.

This report does not attempt to deal with whether
the tools would support analysis over the lifetime
of the project—from design through construction
into operation and maintenance.

From our experience, many users are relying on a
single simulation tool when they might be more
productive having a suite of tools from which to
chose. Early design decisions may not require a
detailed simulation program to deal with massing
or other early design problems. We encourage
users to consider adopting a suite of tools which
would support the range of simulation needs they
usually see in their practice.

We also found that there was a relatively new level
of attention and interest in publishing validation
results. Several program developers also indicated
that they plan to make the simulation inputs
available to users for download in the near future.

There is also the issue of trust: Do the tools really
perform the capabilities indicated? What level of
effort and knowledge is required by the user? How
detailed is the model behind a tick in the table? For
open source tools, everyone can check the model
and adapt it. For the other tools, only very detailed
BESTEST-like procedures can give the answer. We
may need a way for users to provide feedback and
ratings for these in the future.

Where do we see the next generation of this report?
First, we envision this report as a community
resource which will be regularly updated and
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expanded as the tools (and the simulation field)
mature and grow. Ultimately, we see a dynamic
web-based community resource with direct links
for each tool to example input files for each
capability as well as the suite of validation inputs.
In some sense this is already beginning—the
authors’ organizations have begun making their
input files for IEA BESTEST easily available.

ACKNOWLEDGEMENTS

This paper could not have happened without the
cooperation and help of the many people who
provided information on tools they use or
developed: Kim Wittchen of SBI for BSim. The
EnergyPlus development team (Linda K. Lawrie,
Curtis O. Pedersen, Walter F. Buhl, Michael J.
Witte, Richard K. Strand, Richard J. Liesen, Yu Joe
Huang, Robert H. Henninger, Jason Glazer, Daniel
E. Fisher, Don B. Shirey, III, Robert J. Hitchcock,
Brent T. Griffith, Peter G. Ellis, Lixing Gu, and
Rahul Chillar) for DOE-2.1E, BLAST, and
EnergyPlus. Professor Jiang Yi, Zhang Xiaoliang,
and Yan Da of Tsinghua Univesity for DeST.
Professor Andrew Marsh and Caroline Raines of
Cardiff University and Square One Research for
ECOTECT. Larry Degelman of Texas A&M
University for Ener-Win. Steve Moller and Angelo
Delsante of CSIRO for Energy Express. Norm
Weaver of Interweaver Consulting for Energy-10.
Mark Hydeman, Steve Taylor, and Jeff Stein of
Taylor Engineering for an early critical review and
information on eQUEST. Norman J. Bourassa of
the California Energy Commission for eQUEST.
Nick Kelly and Ian Macdonald at University of
Strathclyde for thought-provoking review which
significantly ~broadened the scope of the
comparisons. Jim Pegues and Carrier Corporation
for HAP. Professor Murray Milne of UCLA for
HEED. Per Sahlin of Equa for IDA ICE. Don
McLean, Craig Wheatley, Eric Roberts, and Martin
Gough for IES <VE>. Professor Nathan Mendes of
Pontifical Catholic University of Parana for
PowerDomus. Michael Deru of NREL for
SUNREL. Alan Jones and Ian Highton of EDSL
for Tas. Justin Wieman of the Trane Company and
Larry Scheir of SEI Associates for TRACE. The
TRNSYS developers team at TRANSSOLAR,
CSTB and TESS.

REFERENCES

Achermann M., G. Zweifel. 2003. RADTEST —
Radiant Heating and Cooling Test Cases. IEA
SHC Task 22, Subtask C, Building Energy
Analysis Tools Comparative Evaluation Tests,
April 2003. Horw: HTA Luzern.

Ahmad, Q., S. Szokolay. 1993. “Thermal Design
Tools in Australia: A Comparative Study of
TEMPER, CHEETAH, ARCHIPAK and

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

QUICK,” in Proceedings of Building
Simulation '99, pp. 351-357, Adelaide, South
Australia, Australia, August 1993. IBPSA.

Aizlewood, M.E., P. J. Littlefair. 1996. “Daylight
Prediction Methods: A Survey of Their Use,”
in CIBSE National Lighting Conference
Papers, Bath, pp. 126-140. London: Chartered
Institute of Building Services Engineers.

Akasaka H., H. Nimiya, S. Matsumoto, K. Soga, K.
Emura, N. Miki, E. Emura. 2003. Expanded
AMeDAS Weather Data. Tokyo: Architectural
Institute of Japan.

Alamdari F. and G. P., Hammond. 1983. Improved
Data  Correlation  for  Bouyancy-Driven
Convections in Rooms, report SME/J/83/01.
Cranfield: Applied Energy Group, Cranfield
Institute of Technology.

ASHRAE. 2004. ANSI/ASHRAE Standard 140-
2004, “Standard Method of Test for Evaluation

of Building Energy Analysis Computer
Programs,”  September  2004.  Atlanta:
ASHRAE.

ASHRAE. 2001a. Handbook of Fundamentals.
Chapter 31, Energy Estimating and Modeling
Methods, pp. 31.7-31.9. Atlanta: ASHRAE

ASHRAE. 2001b. International Weather for
Energy Calculations (IWEC Weather Files)
Users Manual and CD-ROM, Atlanta:
ASHRAE.

ASHRAE. 2001c. ANSI/ASHRAE Standard 140-
2001, “Standard Method of Test for Evaluation

of Building Energy Analysis Computer
Programs,”  September  2001.  Atlanta:
ASHRAE.

ASHRAE. 1997. WYEC2 Weather Year for Energy
Calculations 2, Toolkit and Data, Atlanta:
ASHRAE.

Amistadi, Henry. 1993. “Energy Analysis Software
Review,” in Engineered Systems, October
1993.

Amistadi, Henry. 1995. “CAD-Building Load
Software Review,” in FEngineered Systems,
June 1995, pp. 50-67.

Awbi, H. B., A. Hatton. 1999. “Natural Convection
from Heated Room Surfaces,” in Energy and
Buildings, Vol. 30, pp. 233-244.

Beausoleil-Morrison, 1. 2000. The Adaptive
Coupling of Heat and Air Flow Modelling
within Dynamic Whole-Building Simulation,
PhD  Thesis. Glasgow: University of
Strathclyde.

Version 1.0

16

Bland, B. H. 1993. Conduction Tests for the
Validation of Dynamic Thermal Models of
Buildings. BEPAC report TN 93/1. Reading:
Building Environmental Performance Analysis
Club.

Bloomfield, D., Y. Candau, P. Dalicieux, S, Dellile,
S. Hammond, K. Lomas, C. Martin, F, Parand,
J. Patronis, N. Ramdani. 1995. “New
Techniques for Validating Building Energy
Simulation Programs,” in Proceedings of
Building ~ Simulation '95, pp. 596-603,
Madison, Wisconsin, USA, August 1995.
IBPSA.

Bloomfield, D. 1989. Design Tool Evaluation
Benchmark Test Cases, IEA SHC Task 8
Passive and Hybrid Solar Low Energy
Buildings, May 1989, report T.8.B.4. Garston:
Building Research Establishment.

Building Design Tool Council. 1984. Evaluation
Procedure for Building Energy Performance
Prediction Tools, Volume 1. July 1984.
Washington, DC: ACEC Research and
Management Foundation.

Building Design Tool Council. 1985. Design Tool
Evaluation Reports for ASEAM, CALPASS3,
CIRA, and SERI-RES. August 1985.
Washington, DC: ACEC Research and
Management Foundation.

Building Systems Laboratory. 1999. BLAST 3.0
Users Manual. Urbana-Champaign, Illinois:
Building Systems Laboratory, Department of
Mechanical and Industrial Engineering,
University of Illinois.

Carrier Corporation. 2003. HAP Quick Reference
Guide, September 2003. Syracuse: Carrier
Corporation.

Chen Feng, Jiang Yi. 1999. “Introduction of
Building Environment Designer’s Simulation
Toolkit (DeST),” in Proceedings of Building
Simulation ‘99, Volume 3, pp. 1165-1172.
Kyoto, Japan, September 1999, IBPSA.

Clarke J A. 2001. Energy Simulation in Building
Design, 2nd edition. Oxford: Butterworth and
Heineman.

Corson, Gale C. 1990. 4 Comparative Evaluation
of Commercial Building Energy Simulation
Software. Gale G. Corson Engineering.
Portland: Bonneville Power Administration.

Crawley, Drury B., Linda K. Lawrie, Curtis O.
Pedersen, Frederick C. Winkelmann, Michael
J. Witte, Richard K. Strand, Richard J. Liesen,
Walter F. Buhl, Yu Joe Huang, Robert H.
Henninger, Jason Glazer, Daniel E. Fisher,

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

Don B. Shirey, III, Brent T. Griffith, Peter G.
Ellis, Lixing Gu. 2004. “EnergyPlus: New
Capable and Linked,” in Proceedings of the
SimBuild 2004 Conference, August 2004,
Boulder, Colorado, IBPSA-USA.

Crawley, Drury B., Jon W. Hand, Linda K. Lawrie.
1999. “Improving the Weather Information
Available to Simulation Programs,” in
Proceedings of Building Simulation 99,
Volume II, pp. 529-536, Kyoto, Japan,
September 1999. IBPSA.

Crawley, Drury. 1996. Building Energy Tools
Directory, June 1996, Office of Building
Technology, State and Community Programs.
Washington, DC: U. S. Department of Energy.

de Boer, Jan, Hans Erhorn. 1999. Survey Simple
Design Tools. May 1999. IEA SHC Task 21,
Subtask C4 Simple Design Tools. Stuttgart:
Fraunhofer-Institut fiir Bauphysik.

Degelman, L. O. 1992. “ENERCALC: A weather
and building energy simulation,” Chapter 5 in
Software  Applications and Directory for
Energy Analysis, Anna Fay Williams, editor,
pp- 79-117. New York: Prentice-Hall, Inc.

Degelman, L. O. 1991. “A Statistically-Based
Hourly Weather Data Generator for Driving
Energy Simulation and Equipment Design
Software for Buildings,” in Proceedings of
Building Simulation ‘91, pp 592-599, Sophia-
Antipolis, France, August 1999. IBPSA.

Degelman, L. O. 1990. “ENERCALC: A Weather
and Building Energy Simulation Model Using
Fast Hour-by-hour Algorithms,” in
Proceedings of the 4th National Conference on
Microcomputer Applications in Energy, pp.
15-22, May 1990. University of Arizona,
Tucson, Arizona.

Degelman, Larry O., Guillermo Andrade. 1986. 4
Bibliography of Available Computer Programs
in the Area of Heating, Ventilating, Air
Conditioning, and Refrigeration. Atlanta:
ASHRAE.

Deru, M., R. Judkoff, P. Torcellini. 2002. SUNREL,
Technical Reference Manual, NREL/BK-550-
30193. Golden: NREL.

Deru, M. 1997. CNE BESTEST Results, internal
report. Golden: NREL.

Energy Systems Research Unit. 2002. The ESP-r
System for Building Energy Simulation, User
Guide Version 10 Series, October 2002.
Glasgow: University of Strathclyde.

Version 1.0

17

Eppel H. 1993. Performance of the program
btp_tsh using the IEA 21C/21B Empirical
Validation benchmark. Leicester: De Montfort
University.

European Commission. 1985. Test Reference Years
TRY, Weather data sets for computer
simulations of solar energy systems and energy
consumption in buildings. EUR 9765, DG XII.
Brussels: European Commission.

Fisher D. E., C. O. Pederson. 1997. “Convective
Heat Transfer in Building Energy and Thermal
Load Calculations,” in ASHRAE Transactions
Vol 103, No 2, pp. 137-48.

Fisher, D. E. 1995. An Experimental Investigation
of Mixed Convection Heat Transfer in a
Rectangular Enclosure, PhD Thesis Urbana:
University of Illinois.

Haltrecht, D., R. Zmeureanu, I. Beausoleil-
Morrison. 1999. “Defining the Methodology
for the Next-Generation HOT2000 Simulator,”
in Proceedings of Building Simulation '99,
Volume 1, pp. 61-68. Kyoto, Japan, September
1999. IBPSA.

Henninger, Robert H., Michael J. Witte. 2004a.
EnergyPlus  Testing with ANSI/ASHRAE
Standard 140-2001 (BESTEST), EnergyPlus
Version 1.2.1.012, October 2004. Park Ridge:
GARD Analytics.

Henninger, Robert H., Michael J. Witte. 2004b.
EnergyPlus Testing with HVAC BESTEST Part
1 - Tests E100 to E200, EnergyPlus Version
1.2.1.012, October 2004. Park Ridge: GARD
Analytics.

Hong T, Jiang Y. 1997. “A new multizone model
for the simulation of building thermal
performance,” Building and Environment,
Volume 32, Number 2, pp 123-128.

Hong, T, Jiang Y. 1993. “Stochastic Weather
Model for Building HVAC Systems,” Building
and Environment, Volume 30, Number 4.

ISO TC 163/SC 2. 2004. Thermal performance of
buildings  --  Calculation  of  internal
temperatures of a room in summer without
mechanical cooling--General criteria and
validation procedures, October 2004. Geneva:
International Standards Organization.

N., K. Kimura, J. Oka. 1972. “A Field
Experiment Study of the Convective Heat
Transfer Coefficient on Exterior Surface of a
Building,” technical paper 2225, in ASHRAE
Transactions, Vol. 78, part 1, pp. 184-191.

Ito,

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

Jacobs, P., H. Henderson. 2002. State-of-the-Art
Review of Whole Building, Building Envelope,
and HVAC Component and System Simulation
and Design Tools, Final Report ARTI-
21CR/30010-01, February 2002. Arlington:
Air-Conditioning and Refrigeration
Technology Institute.

Jensen, S. O. (editor). 1993. Model Validation and
Development Subgroup Final Report, PASSYS
Project, EC DG XII. Brussels: European
Commission.

Jiang Y, Hong T. 1993. “Stochastic analysis of
building thermal processes,” Building and
Environment, Volume 28, pp. 509-518

Jiang Y. 1982. “State-Space method for the
calculation of Air-Conditioning Loads and the
Simulation of Thermal Behavior of Room,”
ASHRAE Transactions, Volume 88, pp. 122-
132.

Jorgensen, Ove. 1983. Analysis Model Survey,
December 1983, report T.VIIL.B.1.1983, IEA
SHC Task 8 Passive and Hybrid Solar Low
Energy Buildings. Lyngby: Thermal Insulation
Laboratory, Technical University of Denmark.

Judkoff, R., J. Neymark. 1995a. International
Energy Agency Building Energy Simulation
Test (BESTEST) and Diagnostic Method. IEA
SHC Task 12 Building Energy Analysis and
Design Tools for Solar Applications. NREL
Report TP-472-6231. Golden: NREL.

Judkoff, R., J. Neymark. 1995b. Home Energy
Rating System Building Energy Simulation
Test (HERS BESTEST), Vol. 1: Tier 1 and Tier
2 Tests User's Manual and Vol. 2: Tier 1 and
Tier 2 Tests Reference Results, NREL Report
TP-472-7332. Golden: NREL.

Khalifa, A. J. N., R. H. Marshall. 1990. “Validation
of Heat Transfer Coefficients on Interior
Building Surfaces Using a Real-Sized Indoor
Test Cell,” in Intl. J. Heat Mass Transfer, Vol.
33, No. 10, 2219-36.

Kenny, P., J. O. Lewis (editors). 1995. Tools and

Techniques for the Design and Evaluation of

Energy  Efficient  Buildings.  European
Commission DG XVII Thermie Action No B
184. Dublin: Energy Research Group,
University College Dublin.

Khemani, M. 1997. Energy Audit Software
Directory. M. Khemani and Associates,
September 1997. Ottawa: Natural Resources
Canada.

Klein, S. A., W.A. Beckman, J.W. Mitchell, J.A.
Duffie, N.A. Duffie, T.L. Freeman, J.C.

Version 1.0

18

Mitchell, J.E. Braun, B.L. Evans, J.P.
Kummer, R.E. Urban, A. Fiksel, J.W.
Thornton, N.J. Blair, P.M. Williams, D.E.
Bradley, T.P. McDowell, M. Kummert. 2004.
TRNSYS 16 — A TRaNsient SYstem Simulation
program, User manual. Solar Energy
Laboratory. Madison: University  of
Wisconsin-Madison.

Lawrie, L, W. Klock, D. Levernz. 1984. Evaluation
of Microcomputer Energy Analysis Programs,
Technical Report E-193, July 1984.
Champaign: U. S. Army Construction
Engineering Research Laboratory.

Lebrun J., G. Liebecq. 1988. System Simulation
Synthesis Report, International Energy Agency
Energy Conservation in Buildings and
Community Systems Programme, Annex 10
Building HEVAC System Simulation, report
AN10 881020-RF. Liége: University of Liége.

Lighting Design and Application. 1996. “1996
IESNA Lighting Design Software Survey,” pp.
39-47, September. New York: Illuminating
Engineering Society of North America.

Lomas, K., H. Eppel, C. Martin, D. Bloomfield,
1994. Empirical Validation of Thermal
Building Simulation Programs Using Test
Room Data, Volume 1: Final Report.
Leicester: De Montfort University.

Macdonald, Ian, Paul Strachan, Jon Hand. 2004.
CIBSE Standard Tests for the Assessment of
Building Design Services Software, CIBSE
Technical Manual 33. London: CIBSE.

Marsh, A. J. 1996. “Integrating Performance
Modelling into the Initial Stages of Design,” in
ANZAScA Conference Proceedings, Chinese
University of Hong Kong, Hong Kong, China,
1996.

Matsuo, Y. 1985. “Survey of Simulation
Technology in Japan and Asia,” in
Proceedings of Building Energy Simulation
'85: 23-30.

Mendes, N., R. C. L. Oliveira, G. H. Santos. 2003.
“Domus 2.0: A Whole-Building Hygrothermal
Simulation Program,” in Proceedings of
Building  Simulation 2003, pp. 863-870,
Eindhoven, The Netherlands, August 2003,
IBPSA.

Mendes, N., P. C. Philippi, R. Lamberts. 2002. “A
new Mathematical Method to Solve Highly
Coupled Equations of Heat and Mass Transfer
in Porous Media,” International Journal of
Heat and Mass Transfer, V. 45, p. 509-518,
2002.

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

Mendes, N., R. C. L. Oliveira, G. H. Santos.
“Domus 1.0: A Brazilian PC Program for
Building Simulation,” in Proceedings of
Building Simulation 2001, pp. 83-90. Rio de
Janeiro, Brazil, August 2001, IBPSA.

Milne, Murray, Jim Barnett, Carlos Gomez, Don
Leeper, Pablo LaRoche. 2004. “Customizing
HEED for a Small Utility District”, in
Proceedings of the American Solar Energy
Society 2004, June 2004, Portland Oregon

Milne, Murray, Pablo LaRoche. 2004. “Automatic
Sun Shades, An Experimental Study,” in
Proceedings of the American Solar Energy
Society 2004, June 2004, Portland Oregon

Moller, S. K. 1996. “BUNYIP - A Major Upgrade”
in SOLAR 96, proceedings of the Annual
Conference of the Australian and New Zealand
Solar Energy Society, Darwin, October 1996.

Moller, S. K. 1999. “Monitoring HVAC
Performance,” AIRAH Journal, Volume 53,
No.12, December 1999.

National Climatic Data Center. 1981. Typical
Meteorological Year User's Manual, TD-9734,
Hourly Solar Radiation—Surface
Meteorological ~Observations, May 1981.
Asheville: National Climatic Data Center, U.S.
Department of Commerce.

National Climatic Data Center. 1993. Solar and
Meteorological Surface Observation Network,
1961-1990, Version 1.0, September 1993.
Asheville: National Climatic Data Center, U.S.
Department of Commerce.

National Renewable Energy Laboratory. 1995.
User's  Manual  for TMY2s  (Typical
Meteorological Years), NREL/SP-463-7668,
and TMY2s, Typical Meteorological Years
Derived from the 1961-1990 National Solar
Radiation Data Base, June 1995, CD-ROM.
Golden: NREL.

Neymark, J., R. Judkoff. 2004. International
Energy Agency Building Energy Simulation
Test and Diagnostic Method for Heating,
Ventilating, and Air Conditioning Equipment
Models (HVAC BESTEST), Volume 2: Cases
E300-E545, E200. IEA SHC Task 22 Building
Energy Analysis Tools. NREL Report TP-550-
36754. Golden: NREL.

Neymark, J., R. Judkoff. 2002. International
Energy Agency Building Energy Simulation
Test and Diagnostic Method for Heating,
Ventilating, and Air-Conditioning Equipment
Models (HVAC BESTEST), Volume 1: Cases
E100-E200. TEA SHC Task 22 Building

Version 1.0

19

Energy Analysis Tools. NREL Report TP-550-
30152. Golden: NREL.

Oscar Faber and Partners. 1980. Results and
Analysis of Avonbank Building Simulation,
IEA ECBCS Annex 1 Load/Energy
Determination of Buildings. St Albans: Oscar
Faber and Partners.

Purdy, Julia, Ian Beausoleil-Morrison. 2003.
Building  Energy  Simulation Test and
Diagnostic Method for Heating, Ventilation,
and Air-Conditioning  Equipment  Models
(HVAC BESTEST): Fuel-Fired Furnace Test
Cases, IEA SHC Task 22, Subtask C Building
Energy Analysis Tools Building Energy
Analysis Tools, May 2003, CANMET Energy
Technology Centre. Ottawa: Natural Resources
Canada.

Rittelmann, P. Richard, S. Faruqg Admed. 1985.
Design Tool Survey. May 1985. IEA SHC
Task 8 Passive and Hybrid Solar Low Energy
Buildings, Subtask C Design Methods.
Washington, DC: U. S. Department of Energy.

Rode, C. K. Grau. 2003. “Whole-building Hygro-
thermal Simulation Model,” in ASHRAE
Transactions, Vol. 109, No 1, pp. 572-582.

Sahlin, P., L.O. Eriksson, P. Grozman, H.
Johnsson, A. Shapovalov, M. Vuolle. 2004.
“Whole-building simulation with symbolic
DAE equations and general purpose solvers,”
pp- 949-958, Building and Environment, Vol.
39.

Sahlin, P., P. Grozman. 2003. “IDA Simulation
Environment - a tool for Modelica based end-
user application deployment,” in Proceedings

of the Third International  Modelica
Conference, November 2003, Linkdping,
Sweden.

Sahlin, P., L.O. Eriksson, P. Grozman, H.

Johnsson, A. Shapovalov, M. Vuolle. 2003.
“Will equation-based building simulation make
it? - experiences from the introduction of IDA
Indoor Climate And Energy,” in Proceedings
of Building Simulation 2003. Eindhoven, The
Netherlands, August 2003. IBPSA.

Santos, G.H., N. Mendes. 2003. “The Solum
Program for Predicting Temperature Profiles in
Soils: Mathematical Models and Boundary
Conditions Analyses”, in Proceedings of
Building Simulation 2003. Eindhoven, The
Netherlands, August 2003. IBPSA.

Simonson, Carey J., Mikael Salonvaara and Tuomo
Ojanen. 2001. Improving Indoor Climate and
Comfort with Wooden Structure, VTT

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

publication 431. Espoo: VTT, Technical

Research Centre of Finland.

Soebarto, Veronica 1. 1997. “Calibration of Hourly
Energy Simulations Using Hourly Monitored
Data and Monthly Utility Records for Two
Case Study Buildings,” in Proceedings of
Building Simulation ‘97, Vol. 11, pp 411-419.
Prague, Czech Republic, September 1997.
IBPSA.

Soebarto, Veronica I. and Larry O. Degelman
1995. “An interactive energy design and
simulation tool for building designers,” in
Proceedings of Building Simulation ‘95, pp
431-436. Madison, Wisconsin, USA, August
1995. IBPSA.

Spitler, Jeffrey D., Simon J. Rees, Xiao Dongyi.
2001.  Development of an  Analytical
Verification Test Suite for Whole Building
Energy Simulation Programs — Building
Fabric, ASHRAE Research Project 1052.
Stillwater: Oklahoma State University, School
of Mechanical and Aerospace Engineering.

Strachan, P. 2000. ESP-r: Summary of Validation
Studies. ESRU Technical Report, November
2000. Glasgow: University of Strathclyde.

Thermal Systems Laboratory. 2004. PowerDomus
BESTEST Validation for Cases 600 and 900.
Parana: Pontifical Catholic University of
Parana (www.pucpr.br/Ist).

Trane Company. 1992. TRACE 600 Engineering
Manual, January 1992. La Crosse: Trane
Company.

Underwood, C. 1997. “A Comparative Assessment
of Two HVAC Plant Modelling Programs,” in
Proceedings of Building Simulation 97,
Volume 1, pp. 385-392, Prague, Czech
Republic, IBPSA.

Version 1.0

20

U. S. Department of Energy. 1981. Comparison of
Load  Determination — Methodologies  for
Building Energy Analysis Programs, 1EA
ECBCS Annex 1 Load/Energy Determination
of  Buildings, report DOE/CE/20184-1.
Washington, DC: U. S. Department of Energy.

Waltz, James P.
Energy Simulation Handbook.
Georgia: The Fairmont Press.

2000. Computerized Building
Lilburn,

Willman, Alexander J. 1985. “Development of an
Evaluation Procedure for Building Energy
Design Tools,” in Proceedings of Building
Energy Simulation '85, pp. 302-307.

Wiltshire J, A. Wright. 1987. The Evaluation of the
Simulation Models ESP, HTB2 and SERI-RES
for the UK Passive Solar Program, report for
Energy Technology Support Unit. London:
Department of Energy.

Wiltshire J, A. Wright. 1989. The Documentation
and Evaluation of Building Simulation Models,
BEPAC Technical Note 89/2. Garston:
Building Research Establishment.

Winkelmann F. C., B. E. Birdsall, W. F. Buhl, K.
L. Ellington, A. E. Erdem, J. J. Hirsch, S.

Gates. 1993. DOE-2 Supplement, Version
2.1E, LBL-34947, Lawrence Berkeley
National Laboratory. Springfield: National

Technical Information Service.

Zmeureanu, R. 1998. Defining the Methodology for
the Next-Generation HOT2000 Simulator, Task
3 Report, February 1998. Ottawa: Natural
Resources Canada.

Zhu Y, Jiang Y. 2003. “DeST - A Simulation Tool
in HVAC Commissioning,” Document
prepared for IEA BCS Annex 40 Workshop, 8
April 2003, Kyoto Japan. Beijing: Dept. of
Building Science, School of Architecture,
Tsinghua University.

July 2005



Contrasting the Capabilities of Building Energy Performance Simulation Programs

ABBREVIATIONS IN THE TABLES

X

feature or capability that is available and in common use (e.g. a mature facility, well supported in
documentation/interface/examples)

feature or capability that is partially implemented (e.g., it addresses part of an issue, does not yet fully
represent the underlying physics or is a work-in-progress)

optional feature or capability that is not included in the standard distribution or requires additional
payment and/or a download.

optional feature or capability that is intended for research use (e.g., links to experimental data,
validation tests, and options to invoke alternative correlations or modify the underlying solution
technique)

feature or capability that requires considerable domain expertise or knowledge of the underlying models
(e.g., computational fluid dynamics, 2D/3D conduction, fire evacuation)

feature or capability that requires input data that can be difficult to obtain (e.g., parameter estimates
from optimization, difficult to obtain curve fits, no manufacturer data available, little or no research has
been done to characterize model coefficients)
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The Air Infiltration and Ventilation Centre was inaugurated through the International Energy Agency
and is funded by the following seven countries:

Belgium, Czech Republic, France, Greece, The Netherlands, Norway and United States of America.

The Centre provides technical support in air infiltration and ventilation research and application. The
aim is to provide an understanding of the complex behaviour of the air flow in buildings and to
advance the effective application of associated energy saving measures in both the design of new
buildings and the improvement of the existing building stock.

Air Infiltration and Ventilation Centre Tel: +32 2 655 77 11

Operating Agent and Management Fax: +32 2 653 07 29
INIVE EEIG inive@bbri.be
Boulevard Poincaré 79 www.inive.org

B -1060 Brussels - Belgium

www.aivc.org






