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Heat loads in British cities : report of the Heat Load Density
Working Party of the Combined Heat and Power Group

Transient Thermal Hydraulics and Resulting Loads on Vessel and
Piping Systems, 1990: Presented at the 1990 Pressure Vessels
and Piping Conference, Nashville, Tennessee, June 17-21, 1990
(Pvp (Series), Vol. 190.)

Energy Calculations 1-Procedure for Determining Heating and
Cooling Loads for Computerizing Energy Calculations: Algorithms
for Building Heat Transfer Subroutines

1990 ASME COGEN-TURBO : 4th International Symposium on
Gas Turbines in Cogeneration, Repowering, and Peak-Load Power
Generation : held in New Orleans, Louisiana, August 27-29, 1990

1991 ASME COGEN-TURBO : 5th International Symposium and
Exposition on Gas Turbines in Cogeneration, Repowering, and
Peak-Load Power Generation, held in Budapest, Hungary,
September 3-5, 1991









"
( )

m http://www.eren.doe.gov/buildings/tools_direct
ory/



S, Depariman! of Energy
QFFICE ©OF

} BUILDING recunoioay, s12

AND COMMUNITY PR CCoRel WS

Material, Components,
Equipment & Systems Tools

EnergyM

S ®

Tools - o ally Ener _F;u 5,3 e
Described here are 256 energy- ] generation building energy
related software tools for buildings, Tools Listed by Platform simulation pragram from the
with an emmphasis gn using - creators of BLAST and DOE-
renewable energy and achieving Tools Listed by Country Z,
gnergy_effin:ienn:'gz and sustainability . )
in buildings. fidditional Information

L=ain ABaul L dimclgry

G== Lh= masl i=canl addilans

Search Help

Find aul haw o 409 saltware la Lhe ﬂlm See “ﬁwm I:WI.E
LlEmnn sponsored by the
o LS. Department of Energy
mn s E B EEE EENEN NN
gunt®” "hea,
e L
' v,
*
3._.:}’] Translate this page It'I' Span ish =1 Tranzlate | :
2 . ‘0

*a ®
N N gt .
.EEEI'Q. ﬂgbg]qsﬁei 1% Homa = L
Security rivacy

Tl ™ o o= b o pmde = de [ = o g o o




altavista

Home » Tools = Babel Fish Translation > Translated Web Page .3
View page in its original Language Tran=lation powered by 3Y S TRAN

5. Depar iman of Ensrgy
{!II:FIGE o F

? BUILDING tecunoiocy, STATE AND COMNUNITY PROGRAMS
:
Browse the Tools Directory s

Additional Information
IR | Tl TR PR

A
TOOLS DIRECTORY

i AL Energy.

. e IFENE S ZEHB O BIFEE D
BATHI AL —5EAL, Bl S EnergyPlus, Sl £ Mz
TILF)F —%h=EL sustainability M) F—Za -t
%Eﬂ?%[&ﬂ}iﬁiﬁﬁmmtm R juﬁ'ﬁh&ﬂDDE—E o
256 & energy-related 2k
TrFw—Ild, ZoIZeE@dEn T
o

o h
ik | Bl Also see software tools
sponsored by the

LS. Department of Energy






" (1)

Tool Applications
1D-HAM heat, air, moisture transport, walls
ADELINE daylighting, lighting, whole-building simulation, commercial buildings

AFT Mercury

optimization, pipe optimization, pump selection, duct design, duct sizing
chilled water systems, hot water systems

AkWarm

home energy rating systems, home energy, residential modeling,
weatherization

APACHE

thermal design, thernal analysis, energy simulation, dynamic simulation,
system simulation

APACHE-HVAC

buildings, HVAC, simulation, energy performance

ASEAM

energy performance, existing buildings, commercial buildings

AUDIT operating cost, bin data, residential, commercial
BEACON energy audit, billing analysis, equipment analysis

energy performance, design, retrofit, research, residential and
BLAST : .

commercial buildings
BSim2000 building simulation, energy, daylight, thermal analysis, indoor climate
BuilderGuide design, residential buildings

Building Design Advisor

design, daylighting, energy performance, prototypes, case studies,
commercial buildings

Building Energy Modelling
and Simulation - Self-
Learning Modules

energy simulation, buildings, courseware, self-learning, modeling,
simulation

BUS++

energy performance, ventilation, air flow, indoor air quality, noise level
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CELLAR cellar, heat loss, design rules

energy performance, design, retrofit, residential buildings,
COMFIE : . :

commercial buildings, passive solar
DEROB-LTH energy performance, heating, cooling, thermal comfort, design

: desiccant system, air-conditioning, system design, energy analysis,

DesiCalc e

dehumidification

energy performance, design, retrofit, research, residential and
DOE-2 : .

commercial buildings

building modeling, energy savings analysis, retrofit optimization (work
EA-QUIP ) :

scope development), investment analysis
EE4 CBIP whole building performance, building incentives
EE4 CODE standards and codes compliance, whole building energy performance
EED Earth energy, boreholes, ground heat storage, ground source heat

pump system (GSHP)

EN4M Energy in
Commercial Buildings

energy calculation, commercial buildings, bin method, economic
analysis

Energy Scheming

design, residential buildings, commercial buildings, energy efficiency,
load calculations

Energy-10

conceptual design, residential buildings, small commercial buildings

EnergyGauge USA

residential, energy calculations, code compliance

EnergyPlus

energy simulation, load calculation, building performance, simulation,
energy performance, heat balance, mass balance
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EnergyPro California Title 24, compliance software, energy simulation, commercial, residential

ENERPASS energy performance, design, residential and small commercial buildings

ENER-WIN energy performance, load calculation, energy simulation, commercial buildings, daylighting,
life-cycle cost

ESP-r energy simulation, environmental performance, commercial buildings, residential buildings,
visualisation, complex buildings and systems

EZ Sim energy accounting, utility bills, calibration, retrofit, simulation

EZDOE energy performance, design, retrofit, research, residential and commercial buildings

FEDS multibuilding facilities, energy simulation, retrofit opportunities, life cycle costing, emissions
impacts, alternative financing

FLOVENT airflow, heat transfer, simulation, HVAC, ventilation

FSEC 3.0 energy performance, research, advanced cooling and dehumidification

Gas Cooling Guide

gas equipment, electric equipment, cooling, chillers, air-conditioning, commercial buildings

HAP

energy performance, load calculation, energy simulation, HVAC equipment sizing

HEAT?2

heat transfer, 2D, dynamic, simulation

HEED

whole building simulation, energy efficient design, climate responsive design, energy costs,
indoor air temperature

Home Energy

internet-based energy simulation, residential buildings

Saver

HOT2 XP energy performance, design, residential buildings, energy simulation, passive solar
HOT2000 energy performance, design, residential buildings, energy simulation, passive solar
HOUSE energy simulation, houses, residences, space-conditioning

IDA Indoor Climate
and Energy

design, energy performance, thermal comfort, indoor air quality, commercial buildings
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LESOSAI heating energy, energy simulation, load calculation, standards

MarketManager building energy modeling, design, retrofit

Microflo CFD, airflow, air quality, thermal performance

. ner imulation, heating an ling | residential buildin mplian

Micropas6é energy simulation, heating and cooling loads, residential buildings, code compliance,
hourly
Passive simulation, | Iculations, natural ventilation, evaporativ ling, ener

NewQUICK assive s ulation, load calculations, natural ventilation, evaporative cooling, energy
analysis.

Physibel heat transfer, mass transfer, radiation, convection, steady-state, transient, 2-D, 3-D

PVcad photovoltaic, facade, yield, electrical

REM/Desidn energy simulation, residential buildings, code compliance, design, weatherization,

9 equipment sizing, EPA Energy Star Home analysis

REM/Rate home energy rating systems, residential buildings, energy simulation, code compliance,
design, weatherization, EPA Energy Star Home analysis, equipment sizing

Right-Suite — : . : : :

: : residential loads calculations, duct sizing, energy analysis, HVAC equipment selection,
Residential for :
: system design

Windows
Energy calculation, heat loss calculation, system comparison, dimensioning, 3D-

RIUSKA :
modelling

RLSM residential, cooling, heating, energy, economic analysis.

SERIRES design, retrofit, research, residential buildings

SIMBAD Building and [transient simulation, integrated control, zonal models, dynamic modelling, modular,

HVAC Toolbox control performance, system analysis

SLAB slab on the ground, heat loss, design rules

SMILE object-oriented simulation environment, building and plant simulation, complex energy
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SOLAR-5 design, residential and small commercial buildings

thermal performance calculation, solar architecture, residential

SolArch buildings, design checklists

object-oriented, research, complex systems, energy performance,
SPARK . )

short time-step dynamics
SUNDAY energy performance, residential and small commercial buildings

Energy analyses, load calculation, comparison of system and

m Analyzer : :
Syste alyze equipment alternatives

Building dynamic thermal simulation, building simulation , comfort,

TAS CFD, thermal analysis, energy simulation

TRACE 700 Energy performance, load ca_tlcula_tlo.n, HVAC equipment sizing,
energy simulation, commercial buildings
energy simulation, load calculation, building performance, simulation,

TRNSYS research, energy performance, renewable energy, emerging
technology

tsbi3 energy performance, design, retrofit, research, residential and
commercial buildings, indoor climate

VisualDOE energy performance, design, retrofit, research, residential and

commercial buildings
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Tool Applications
APACHE thermal_ design, thernal anQIyS|s, energy simulation, dynamic
simulation, system simulation
energy performance, design, retrofit, research, residential and
BLAST : .
commercial buildings
BSim2000 building simulation, energy, daylight, thermal analysis, indoor

climate

BTU Analysis Plus

HVAC, heating, cooling, heat load studies

BTU Analysis REG

HVAC, heating, cooling, heat load studies

CHVAC

commercial hvac, load calculations, CLTD

CL4M Commercial
Cooling and Heating
Loads

cooling loads, heating loads, commercial buildings

Cold Room Calc

refrigeration loads, heat gains, walk-in coolers/freezers sizing,

refrigerated warehouses design, refrigeration equipment selection

COMFIE

energy performance, design, retrofit, residential buildings,
commercial buildings, passive solar




DUCTSIZE

duct sizing, equal friction, static regain

Energy Analysis

fans, pumps, motors, retrofit, cost-effectiveness, variable speed drive

Energy Profiler

load profiles, rate comparisons, data collection

Energy Profiler Online

online, energy usage, load profiles, bill estimation

E-Z Heatloss heat loss, heat gain, residential calculation
EZ Sim energy accounting, utility bills, calibration, retrofit, simulation
EZDOE energy performance, design, retrofit, research, residential and

commercial buildings

HAP System Design Load

Cooling and heating load calculation, HVAC equipment sizing, zoning
and air distribution

HBLC

heating and cooling loads, heat balance, energy performance, design,
retrofit, residential and commercial buildings

HVAC Checker

HVAC, heating, cooling, heat load studies

HVAC Solution

HVAC systems design, HVAC schematic design, equipment scheduling

J-Works load calculation, commercial buildings, residential buildings
LESO-COMFORT thermal comfort, load calculation, energy

LESOKAI thermal tranmission, water vapor, building envelope
LESO-SHADE shading factors, solar shading, building geometry

Load Express

Design, light commercial buildings, heating and cooling loads, HVAC

LoadCalc Plus Suite 2002

load calculation, energy cost analysis

National Energy Audit
(NEAT)

retrofit, energy, audit, efficiency measures

PASSPORT

heating requirements, passive solar, residential buildings, standards
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RadTherm convection, conduction, radiation, weather, solar, transient
RHVAC residential HVAC, residential load calculations, ACCA, Manual J
Energy calculation, heat loss calculation, system comparison,
RIUSKA : T :
dimensioning, 3D-modelling
RL5M residential, cooling, heating, energy, economic analysis.
: design, solar thermal, solar hot water, solar heating plants, solar
SolDesigner

design

Toolkit for Building Load
Calculations

building loads, energy calculations, heat balance model, heat transfer

TRACE Load 700

Heating and cooling load calculation, air distribution simulation, HVAC
equipment sizing, commercial buildings

tsbi3

energy performance, design, retrofit, research, residential and
commercial buildings, indoor climate

UMIDUS

moisture calculation, latent and sensible conduction loads, heat and
mass transfer through building envelopes

Visualize-IT Energy
Information and Analysis
Tool

energy analysis, rate comparison, load profiles, interval data




APACHE-HVAC BLAST

DOE-2
EnergyPlus
ESP-r
HOT2000

Climate and Energy

LESOSAI
Physibel
SMILE
SOLAR-5

System Analyzer

BSim2000

Energy Scheming

EnergyPro
HAP
HOUSE

LESOCOOL

ENER-WIN
HEED
IDA Indoor

MarketManager Micropas6t

REM/Design
SMOG
SPARK

VisualDOE

REM/Rate
Solacalc












m Performs hourly simulations of buildings, air
handling systems, and central plant equipment in
order to provide mechanical, energy and
architectural engineers with accurate estimates of
a building's energy needs. The zone models of
BEAST (Building Loads Analysisand System
Thermodynamics), which are based on the
fundamental heat balance method, are the
iIndustry standard for heating and cooling load
calculations. BLAST output may be utilized in
conjunction with the LCCID (Life Cycle Cost In
Design) program to perform an economic analysis
of the building/system/plant design.




m Keywords: energy performance, design, retrofit,
research, residential and commercial buildings

m Expertise Required: High level of computer
literacy not required; engineering background
helpful for analysis of air handling systems.

m Users: Over 500.

m Audience: Mechanical, energy, and architectural
engineers working for architect/engineer firms,
consulting firms, utilities, federal agencies,
research universities, and research laboratories.

m Input: Building geometry, thermal characteristics,
Internal loads and schedules, heating and cooling
equipment and system characteristics. Readable,
structured input file may be generated by HBLC
(Windows) or the BTEXT program.




m Qutput: More than 50 user-selected, formatted reports
printed directly by BLAST,; also the REPORT WRITER
program can generate tables or spreadsheet-ready files
for over one hundred BLAST variables.

m Computer Platform:-PC-compatible, 386 or higher;
HP/Apollo. Source code is available and has been
successfully compiled on most UNIX workstations.

m Programming Language: FORTRAN

m Strengths: PC Farmat has Windows interface as well as
structured text interface; detailed heat balance algorithms
allow for analysis of thermal comfort, passive solar
structures, high and low intensity radiant heat, moisture,
and variable heat transfer coefficients -- none of which can
be analyzed in programs with less rigorous zone models.



Weaknesses: High level of expertise required to develop
custom system and plant models.

Contact: Building Systems Laboratory

University of lllinois 1206 West Green Street Urbana,
lllinois 61801 USA

telephone(217) 333-3977 facsimile(217) 244-6534

e-mailsupport@blast.bso.uiuc.edu

webhttp://www.bso.uiuc.edu
Availability: Software prices range from $450 for an
upgrade package to $1500 for new installations. This
package contains complete source, almost 400 weather
files, numerous documents about using BLAST as well as
documentation (all on CD ROM). Contact the Building
Systems Laboratory for additional information.



Energy+

m A new generation building energy simulation
program that builds on the most popular features
and capabillities of BLAST and DOE-2. EnergyPlus
will include innovative simulation capabilities
Including time steps of less than an hour, modular
systems simulation modules that are integrated
with a heat balance-based zone simulation, and
iInput and output data structures tailored to facilitate
third party interface development. Other planned
simulation capabilities include solar thermal,
multizone airflow, and electric power simulation
Including photovoltaic systems and fuel cells.



" A
m Keywords: energy simulation, load calculation, building
performance, simulation, energy performance, heat balance,

mass balance

m Expertise Required: High level of computer literacy not
required; engineering background helpful for analysis
portions.

m Users: Over 5000.

m Audience: Mechanical, energy, and architectural engineers
working for architect/engineer firms, consulting firms, utilities,
federal agencies, research universities, and research
laboratories.

m Input: Basic EnergyPlus program (current release is Beta 4
of 5 betas) will have a simple ASCII input file. It is
envisioned that private developers will wish to develop more
targeted / domain specific user interfaces.

m Output: Basic EnergyPlus program will have several simple
ASCII output files - readily adapted into spreadsheet form for
further analysis.

m Computer Platform: Emphasis on platform portability.
Windows 9x/NT/2000 executable will be available. Has been
successfully compiled on UNIX and Linux platforms.



Programming Language: Fortran 90

Strengths: Accurate, detailed simulation capabilities through
complex modeling capabilities. Input is geared to the 'object’
model way of thinking. Successful interfacing using IFC
standard architectural model has been demonstrated.
Extensive testing (comparing to available test suites) is being
done during development and results will be available.

Weaknesses: Difficult to use without graphical interfaces.

Validation/Testing: EnergyPlus has been tested against the
IEA BESTest building load and HVAC tests. Results are
available under Testing and Validation on the EnergyPlus web
site.

Contact:Dru Crawley U S Department of Energy EE-41 1000
Independence Avenue, SW Washington, DC 20585-0121
USAtelephone+1 (202) 586-2344 facsimile+1 (202) 586-5557e-
mailDrury.Crawley@ee.doe.gov
webhttp://www.eren.doe.gov/buildings/energy_tools/energyplus

Availability: EnergyPlus Version 1.0 is currently available for
download from the Web site. Information on licensing is also
available on the Web site.
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TRNSYS with lISiBat

m An energy simulation program whose modular
system approach makes it one of the most flexible
tools available. TRNSYS (TRaNsient SYstem
Simulation Program) includes a graphical interface,
ahsimulatio]p engine, and a library ofdccl)mponeng ;
that range from vgr| Holi odels to standar
HVAC equipmen t(ﬁiefﬁlgamergy and
emerging technologies. TRNSYS also includes a
method for creating new ponents that do not
exist in the standard package. This simulation
package has been used for more than 25 years for
HVAC analysis and sizing, multizone airflow
analyses, electric power simulation, solar design,

building thermal performance, analysis of control
schemes, etc.

m See example screen images




O
g Mlords: energy simulation, load calculation, building performance, simulation,

research, energy performance, renewable energy, emerging technology

Expertise Required: None to use standard package; FORTRAN knowledge
helpful for developing new components.

Users: Over 500.
Audience: Engineers, researchers, consulting firms, architects.

Input: The TRNSYS input file, including building input description, characteristics
of system components and manner in which components are interconnected, and
separate weather data (supplied with program) are all ASCII files. All input files

can be generated by using a raphlcal user mterface
Output: Basic output forrrifk ded in those files can be life
res

cycle costs; monthly sum uI s ograms; plotting of desired
variables (by time unit). It is also SS|bIe|_t:Q,Plot variables online (as the simulation
progresses).

Computer Platform: Windows 95 or h|w98, NT, 2000, ME etc.) for TRNSYS
Interface programs. (Distributed rce code will compile and run on any Fortran
platform).

Programming Language: FORTRAN (although unnecessary for the use of
standard components).

Strengths: Due to its modular approach, TRNSYS is extremely flexible for
modeling a variety of energy systems in differing levels of complexity. Supplied
source code and documentation provide an easy method for users to modify or
add components not in the standard library; extensive documentation on
component routines, including explanation, background, typical uses and
governing equations; supplied time step, starting and stopping times allowing
choice of modeling periods. Version 14.2 moved all the TRNSYS utility programs
to the MS Windows



O q
platform (9x/NT/2000/ME), including a choice of graphical drag-and-
drop programs for creating input files, a utility for easily creating a
building input file, and a program for bwldmg TRNSYS-based
applications for distribution to non-users. Web-based library of
additional components and frequent downloadable updates are also
available to users. Extensive libraries of non standard components for
TRNSYS are available commercially from TRNSYS distributors.
TRNSYS also interfaces with various other simulation packages such
as GenOpt for doing system optlmlzatlon studies and SimCad whose

CAD representation e directly into TRNSYS as
the basis of a thermal ﬁﬁ
m Weaknesses: No ass Ilding or system are made

(although default mformatl IS pr ed ) so the user must have
detailed information about hﬂg and system and enter this
information into the TRNSYS interf

m Contact: TRNSYS Coordinator Selar-Energy Laboratory University of
Wisconsin 1500 Johnson Drive Madison, Wisconsin 53706
USAtelephone(608) 263-1589 facsimile(608) 262-8464e-
mailtrnsys@sel.me.wisc.edu
webhttp://sel.me.wisc.edu/trnsys/downloads/download.htm

m Availability: Version 15, Commercial -- $4000, Educational -- $2000.
Free demonstration CD and information available from technical
contact. International distributors are located in Germany, France,
I?F]elgium, Spain, Japan and Sweden in addition to two distributors in
the US.
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m [RNLIB —
ASHRAE
HVACSIM+
SEL
TRNSYS

-

TESS (Thermal Energy Systems Specialists; USA)
Transsolar (Germany)

TRNSYS
15



TESS

ASHRAE Bergguam Energy Services
California Energy Commission CDH Energy Corporation
ClimateMaster Inc. Co-Energy Group Data & Strategies Group Inc.
Duke Engineering and Services Inc. Duke Solar Incorporated

Enlink GeoEnergy Services Inc. Innovative Design Inc.

Korean Institute of Energy Research National Institute of Standards

National Renewable Energy Laboratory Oak Ridge National
Laboratory

Powerlight Corporation Quantam Group
Engineering

Research Products Corporation Solar Enterprises
International

Solar Power Incorporated University of New Mexico

Wisconsin Public Service Corporation

TRNSYS



TESS

m HVAC
Adiabadic humidifier
Single speed fan
Simple furnace
Two speed fan
5-stage room thermostat
100-port air supply plenum
100-port flow diverter
100-port air return plenum
100-port flow mixer
Heat exchanger w/ hot
bypass and cold set point
Residential cooling coll
Heat exchanger w/ hot
bypass and hot set point
Radiant floor
Constant speed pump

SSSSSS

m HVAC( )

Air cooled chiller
Variable speed pump
Heat exchanger w/ cold
bypass

Humidistat

Proportional boiler
Simple multizone building
Delayed inputs
Variable speed fan

Unit heater (w/ or w/out
outside air

Air source heat pump
Water cooled chiller
Proportional controller
Heating coil

n-stage differential
controllers

2-pipe console unit
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TESS

m HVAC( )

Steam-fired double-effect
absorption chiller
Direct-fired double-effect
absorption chiller

Hot water-fired double-effect
absorption chiller
Steam-fired single-effect
absorption chiller
Direct-fired single-effect
absorption chiller

Hot water-fired single-effect
absorption chiller

Flow stream loads

3 stage aguastats

water source heat pumps

(2)

Rectangular tank with
optional heat exchanger
Spherical tank with optional
heat exchanger
Horizontally cylindrical tank
with optional heat
exchanger

Vertically cylindrical tank
with optional heat
exchanger

3-stage aguastat for heating
3-stage aguastat for cooling
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TESS

Detailed buried pipe

Vertical u-tube ground heat

exchanger
Ground temperature

Water source heat pumps

(3)

Infiltration into a conditioned
zone

Equipment fouling
Average day profiles
Occupancy loads

Sky temperature

Bin sorter

Random number (uniform
distribution)

Random number (normal
distribution)

n-level forcing function
Parametrics output
Ground temperature



TESS (4)

| |
Linear parabolic 7-day slider
concentrator 1-day slider
Flat plate with set point
temperature

Evacuated tube

Flat plate collector with
capacitance

Flat plate Integral Collector
Storage system

Tray top Integral Collector
Storage system

Single cover top loss
Double cover top loss
Tray top angle finder
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TESS

Load following steam
turbine with multiple
Inj./extrac.

Flow following steam turbine
Heat recovery steam
generators (many modes)
100-port steam diverter
100-port steam mixer
Steam pressure reducing
valve

Condensate pump

Steam condenser
Electrical generator
Steam condenser
Condensate preheater
Feedwater heater
(closed/open)

Desuperheater
Clach tanly

SSSSSS

y
Steam pipe
Steam separator
Steam heat exchanger
Steam superheater
Supplemental firing device
Gearbox
Evaporative cooler
Fogging device
Simple cooling coill
Steam boiler
Steam end use device
Steam trap
Steam fired absorption
chillers
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