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Building Energy Simulation %

Energy performance of buildings 1s usually
complicated and requires detailed analysis to
determine the characteristics

Building energy simulation and modelling
techniques are often used to study 1t so as to
support decisions for building design,
operation and management
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Building Energy Simulation

Building performance simulation (BPS)

A computer model of the energy processes within
a building that are integrated to provide a
thermally comfortable environment for the
occupants (or contents)

Dynamic thermal simulation

Can predict changing internal conditions over a
time period of up to 1 year — 8760 hours

The technique predicts zonal (or room) values for
parameters such as air temperature




Building Energy Simulation

What 1s Building Simulation?

Software which emulates the dynamic interaction of heat,
light and mass (air and moisture) within the building

To predict its energy and environmental performance as it
1s exposed to climate, occupants and conditioning systems

Building Simulation 1s needed 1f

Other methods are not feasible (e.g. physical model 1s too
complicated or not economical)

You need to understand & analyse the building’s
performance 1n details




Building Energy Simulation

Simulation

The process of developing a representative model
of a system and using it to analyze and predict
system behaviour and performance

Modelling

Deals primarily with the relationship between
actual dynamic processes and models

Usually involves iterations




Physical Processes

Building Simulation

Building Performance

Design Performance
Decisions Optimisation

* Simulation enables the performance of the building to be
established before critical design decisions are taken,
enabling optimum building performance to be obtained




Components of building cooling load
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Building energy simulation process

HVAC air systems  HVAC water systems

Energy storage
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Building Energy Simulation

Major functions of building energy simulation:

Assess building design (design evaluation tool)

Calculate energy saving or performance (building
energy analysis tool)

Evaluate energy cost (economic analysis tool)

Design & optimise building systems (system
design/optimization tool)

Satisfy energy code (code compliance tool)

Support green building assessment (green design
tool)




Building Energy Simulation

Model existing bui

dings

Useful for “energy
Help improve the b

berformance contracts”
ldg’s operation/control

Evaluate energy conservation measures (ECM)
Estimate energy savings

Study the costs and benefits

Provide info to design, retrofit & operation

Comply with building energy code

Such as performance-based building energy code




Simulation Tools

Types of building simulation tools

Simplified software for overall energy consumption
assessment, peak temperature prediction, cooling/heating
load calculations

Sophisticated software for hourly simulation of heat, light
& air movement

Complex specialist software, for lighting, computational
fluid dynamics (CFD), 2- and 3-dimensional conduction
calculations

Integrated design and analysis systems which combine a
number of the above categories
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Simulation Tools

Many software tools in the market
From simplified to complicated one
Select according to the task

For beginners, we recommend
Energy-10, HAP, TRACE 700, eQUEST

For sophisticated study, may consider
DOE-2, EnergyPlus, ESP-r, TRNSYS

Further information:

Building Energy Software Tools Directory (by US-DOE)
http://www.eere.energy.gov/buildings/tools directory/




Simulation Tools

Examples of building energy simulation tools
Energy-10

http://www.sbicouncil.org/energy-10-software

VisualDOE (based on DOE-2.1¢)

http://www.archenergy.com/products/visualdoe/
http://gundog.1bl.gov/dirsoft/d2whatis.html

MIT Design Advisor (do online simulation)
http://designadvisor.mit.edu/design/




ENERGY-10 Design Tool

Example: Energy-10

«—— ENERGY-10 focuses on the first phases (conceptual design)
Activity
Phase Develop reference case Tool
Develop low-energy case
. Develop Brief Rank order strategies ENERGY-10
Initial strategy selection
Set performance goals
. Review goals i
— Pre-design Review strategies Prel::::tai;y ;eam
Set criteria, priorities g
Develop schemes
(A Schematic Design £ ) Evaluate schemes ENERGY-10
Select scheme

: Confirm that
Design Development component performances

are as assumed

EnergyPlus
or other

HVAC simulation
and tools

Construction Documents




Example: Energy-10

ENERGY-10 Design Tool

\
N

Creates two building descriptions based on five inputs and

user-defined defaults.

Location For example:

*Building Use
*Floor area - m

‘Number of stories Reference Case

Low Energy Case

‘HVAC system

R-8.9 walls (4" steel stud)
R-19 roof
No perimeter insulation

Gets you Conventional double windows

Conventional lighting

Sta rted Conventional HVAC

Conventional air-tightness

q u iCkIy. Uniform window orientation

Conventional HVAC controls
Conventional duct placement

R-19.6 Walls (6" steel stud with 2" foam)
R-38 roof

R-10 perimeter insulation

Best low-e double windows

Efficient lights with daylight dimming
High efficiency HVAC

Leakage reduced 75%

Passive solar orientation

Improved HVAC controls

Ducts located inside, tightened




Example: Energy-10

kWh / m?

100

80

60
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20

2,000 m? office building
ANNUAL ENERGY USE

ENERGY-10 Design Tool

\
N

- Reference Case

47.3

1.5

Heating

Low-Energy Case

27.4

22.7
15.1

6.7 6.9
i t

96.5

35.1

Cooling Lights Other

Total




ENERGY-10 Design Tool

\
N

Example: Energy-10

RANKING OF ENERGY-EFFICIENT STRATEGIES

Duct Leakage

Glazing
Insulation

Energy Efficient Lights
HVAC Controls

Air Leakage Control
Shading

Daylighting

High Efficiency HVAC
Economizer Cycle
Thermal Mass
Passive Solar Heating -57.14

115.04

-100 -50 0 50 100 150
Net Present Value, 1000 $




ENERGY-10 Design Tool

Example: Energy-10

Sample - Lower-Energy Case

)
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Average Hourly HVAC Energy Use by Month
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Example: Energy-10

present value, $K

1200000 ¢
1000000
800000 -
600000
400000 -

200000

-200000 -
-400000

-600000 -

O,

ENERGY-10 Design Tool

\
N

Components of Life-Cycle Cost

M Building 1 ™Building2 M1 minus|2




Example: VisualDOE

< VisualDOE Interface >

Project File VisualDOE
Library File
DOE-2 m
Input File
- o
Weather File — ’
(]
< DOE-2.1E S
x
DOE-2 Library L~
o
DOE-2
Output File U

Reports




Example: VisualDOE

5+ VisualDOE 4.0 - A sample building
File Edit

Alternatives

Simulation  Organizers

‘

Marth @

=] |2E0e o mlwc

Fefrezh 30 Image | Shaw 30 Wiew

Toolz Help

Project I Blocks Fooms | Facades l Spstems |

Praject Mame {4 sample building Energy Analyst |enginesd

Address i East Boston, Maszachusetts

Dezcrption |Energy modeling to support design optimimization and LEED

certification

Front Azimuth 1115 degrees
Sike Elevation {1 ft

Discount Rate 11 N =

Froject Life Cycle {2n

Era Built I'IElEEl ta present _:I
x| Add ]
=

Climate Zone l Bosthma

Holiday Set | 0fficial S

WEars

— Energy Resources
#of keters
Elzctrcity I 1

[tility R ates
=] [Wstaras TOU

Fuel m

Building statistics [accurate after simulations are mwn, &rea in (F]
Gross Floar Area: 133744 Conditioned Floor &rea; 132085

Window Area: 10888 Skylight Area: O
Window-w/all-Ratio: 21,42 Skulight-Foof-F atio: 0.0

H

Diefine Fuel Meters |

C:hTempi MG Midrise A +35.gph i Fropozed Design EK =-175 i‘f =193 IP Unitz

3/18/03

4




Example: VisualDOE

HVYAC Systems Editor

N
3

Chick on system equipment for specihications.

System Features

Control Zone | 2 B new_cor

™ Preheat Coil System [T -
[ Hurmidifier Type |5. == ariable T t j
™ Betur Fan ingle Zone Yariable Termperature

[ Heat Becaveny OccupancysSchedules |I:|:-rri|:||:|r_ MG Med j
[ Ewap. Precool

 Ecamonmizer Spstern Era |'IEIEEI ba present j
W Min Outside &ir Fietum Air Path e |
= Rd

D escrption

Set bz Default System | Bpply System Defaults Cancel |

Ok




Example: VisualDOE

ﬂ Central Plant Editor

Cancel |

General Cooling Management Heating M anagement Electrical Management

Chilled “»/ater Plant
Chilled ‘wéater Temp.: |44 °F

Electric Chiller T ypes
fo Mone ¢ 10 2 & 30 4

B of Absorption Chiller Types I_%‘—H_
" Mone « 10 20 3 |
- . - =

[ Engine Driven Chiller T(_"L,,-;-.'t, . ml_"“:
! ZOID. | —

Boailers
Fuel Boiler Types =
" Mone ¢ 1 2 (=

Electric Bailer Types
fo Mone 1 2

Electric Generators

[w Diezel [T Gas Turbine
C—1

Click on plant equipment for specifications.




Example: VisualDOE

. Print Preview

Export RTF | Export FOF |

W4l 38 M Q|+ S

VisualDOE 4.0 - Results September 18, 2003

Energy Cost Summary ($/y)

Altemative Total Electric Total Fus Total Utility  Incremental First PV Life Cycle Cost*
Cost

Total Energy Costs ($iy)

ASHRAE 901 Budget 214 113 $50 449 $264 264 §2 252 5383
Design Case
Propozed Design $203 404 $75 084 $281 488 ¥ 396 466

Incremental Energy Savings {5y omparedwith preukas ateni e, ve gt SAINGE Rpleserthokan o)
P toposzed Design o7 §-27 B35 F-16 924 F-144 054

* 20 vear life cycle v 10% discount rate




Example: VisualDOE

Electric End Uses

262797

S03924
1576894

G507
45204

26T

573682

B Lights
Equipment
Cool

B Tower

B Pumps
Fans

B Exterior
Equipment

Hourly D ata

‘Electrcity End Uses

Fuel End Uzes

AllEnd Uszes

Fuonthly Electricity

Fonthly Electric Demarn
Fonthly Fuel s

Dezign Alternatives

ASHRAE 301 Budget Desi
Fropozed Design

Ilpdate Graph ‘

Copy Graph | Edit Graph ‘

E it ‘




Example: VisualDOE

Monthly Electricity

200000—

B E:isting

Buildirg
140000

100000 ASHRAE 901

kWh Budget

Design Case

Froposed
Design

04—+ttt

Jan  Mar  mMay Jul Sep  MNow

Feh Apr Jun Aug ©Oct Dec

konthly Electricity

kManthly Electic Demarn
konthly Fuel

kaonthly Electricity and F
Energy Cost

Ayerage temperatures
Degree days W

Deszign Alternatives

E xiztirng Building
ASHRAE 90.1 Budget Desi
Propozed D ezign




MIT Design Advisor, http://designadvisor.mit.edu/design/

The MIT Design Advisor

UPDATE - Changes have been I '
made to the MIT Design i i
Advisor!

Energy

Comfort
Natural
et atson

Dayhighting
Fiill B e

Building energy simulation in minutes.

Heating, cooling, lighting, comfort, and more.

Craylighting
Workplansa

Lifa Cycla

phimBar

UPOATE - Versson 1.1 now releassd

& néw version of the MIT Dexign Advmas, Version 11, nas recently besn relsased {on D800 that includes the capabiiey
al adding differant fypes of rodds 16 youl Bulkdig. Explitre Me new Fool DeErnpiod sachon usdsr he Saiud 188 1o e the
naw MpElErire, 8o [he ARsomabioss N0 wnder e © 241D WD Par maed niormation

R Epaet

Crhvarievw
Archiecis and Bulding Designem .0 uss compuler modeing io enprove ndoor comion and eneTyy perfemrance of
comcepiunl bulding designs. Buf mesd simulation inols are o complcated for the purpose

Quicl, vaus compansons & nesded for eary-siage design. The WIT Design Advisor & @ tooi which alows you o descripe
mnd seuiate & buiding in iess than five mnutes. Mo technical sxperience ar bramning s nesded  &n annual snergy samaiabon
can be rum o less Than & mntule, snd graghicsl ressita e memedately avalsble for revew. Gretaty

L1"I!'1.'|.I1g Started
1. Began bry choking the SETUP tab fo the =it and folow e direcines to create a boddng design
1. To save and simulabe your bulkd@ng scenaro, chck Save an one of the colored scenany boxes af the bofiom paned

3. View e BimulElisn resuls by chckeng o8 Bny of e 1304 10 e BN (Comion, Enengy, &l
Lok for (B niformalbion bullions. for exirs help
{1

About Us

MIT Saldng Technsgy Program

Scenario el ! Scenario Scenario
One _ Three Four




Modelling Process

How to perform building simulation?
Select and master how to use a program
Represent the building and HVAC systems

Construct the simulation model
Develop the building description

Prepare the mput data
Run and control the program
Interpret the results, analysis and reporting

e.g. determine energy and cost savings




Simulation tool Simulation

description (computer program) outputs
- physical data - energy consumption (MWh)
- design parameters - energy demands (kW)

- environmental conditions




Building energy simulation: Inputs and Outputs

INPUTS: OUTPUTS:
- Weather data - Space temperatures
- Building geometry - Surface temperatures
- Construction type - Humudity levels
- HVAC type / usage - HVAC parameters
- Occupancy info - Energy consumption
- Quantity of users - Component
- Lights - System
- Equipment - Whole-building
- Usage




Garbage In, Garbage Out (GIGO)




Modelling Process S

Important considerations

Start early: incorporate building simulation into
the early design stages

Keep it simple: add no more detail to a simulation
model than 1s necessary (simple but accurate)

Refine as you go, so that the simulation model
evolves with the design

Avoid mistakes and reduce the potential for error




Modelling Process S

Important to know how the program “thinks”
about systems and designs and interactions

How to approximate real-world problem to fit
the limitations of the model

Reality Theories Equations Programs

|

Real Physical Mathematical Computer
Wnr!d World World Wurld




Modelling Process S

Building energy simulation 1s based upon

Load calculation — thermal or HVAC
Determine peak HVAC design loads

Energy calculation — energy to meet the loads
Estimate annual energy requirements

Time 1ntervals
Full hour-by-hour (8,760 hours = 365 x 24)
Simplified hourly: e.g. one day per month
Bin method or degree days




Modelling Process S

Four major elements
Building model
HVAC system model

HVAC plant model
Control system model

An economic model (optional) may be added
for economic analysis and life cycle costing




Climatic
influence

Building
design
parameters

moclel

' Building model : Indooi
: +— environmental
i : conditions
P‘i HVAC system . :
i model | :
Control system | i
model ' | Energy
: performance

Simulation System ;

i | HVAC plant

Major elements of building energy simulation




Input Simulation process Output

AC system
energy

Climatic data

Bidg. Info.

AC system
info.

SYSTEMS

AC plant
energy

PLANT

>

ECONOMICS

Information flow in building simulation




Heat Convection Cooling -

load | extraction

A
gain

Radiation
Heat storage Convection |
(structure, (delayed)
furniture)
. Temp. swing |

Concept of heat transmission and conversion in buildings




“Seven
steps”
of
simulation
output

(Source: eQUEST Tutorial Manual)

LOADS ¥
s
Instantaneous Space
1 Gain 2 Load
|
SYSTEMS &
Heat Coil
3 Extraction 4 Load
3
PLANT "
Primary

S Energy/Demand

ECONOMICS ‘

Utili
6 Ratt: 7 Utility Costs




Simulation Skills

Model zoning (thermal, not geometric)

Consider thermal loads (e.g. interior-perimeter),
occupancy, lighting type and schedule

For existing buildings, refer to actual zoning

Need to simplify the model
Combine zones with similar load and usage
Intermediate typical floors treated as one floor
Combine HVAC systems

Sometimes, use ONE zone to quickly calculate the total
load first




Make things as simple as possible,
and no simpler. (Albert Einstein)




Combine several rooms 1nto one zone

OFFICE A
OFFICES A

OFFICE B
INTERNAI

OFFICE C

OFFICHE D

OFFICE E




Simulation Skills

General rules for zoning

One exterior zone per major orientation (4 to S m
deep)

One 1nternal zone per use schedule

One plenum zone (if plenum returns) for each air
handler

One zone each for special uses

Separate ground and top floor zones




Simulation Skills

Overall building characteristics
Simple building driven by external loads

Complex building driven by internal loads

Types of loads
Weather-related loads
Time-related loads

HV AC characteristics and controls

Is dynamic response of the system critical?




Simulation Skills

Focus on 1nputs of significant impact

Small
throug|

obuildings — heat loss to ground and roof,
h unconditioned spaces

Large

buildings — zoning, controls, HVAC system

types, internal loads

Retrofit projects — actual operating conditions,
occupant behaviours, controls

Judged by experience, sensitivity analysis, or
real measurements/data




Simulation Skills

For existing buildings
Study the as-built drawings and existing features
Collect historical data and logs
Take appropriate measurements

Observe building occupancy

May coordinate energy audit and simulation to
calibrate or tune the simulation model




Simulation Skills

Typical simulation results and output

Thermal loads (of building, zones, components):
by hour, day, month or year

Temperatures (air, surfaces)

Fuel and energy uses
Consumption (month, year)
Peak demand (month, year)
System components
Output formats
Tabular, graphic, export to other analysis tools




Program B

“Several people using several simulation programs
on the same building will probably not agree
on the results of an energy analysis.”




Simulation Skills

What constitutes an “accurate” output?
(general guideline only)

Annual energy use within 5-10% of actual
Seasonal energy use profiles should match

Daily energy use profiles match (1f needed)
End-use energy components 1s faithfully allocated

Check with “rules of thumb” or check figures
Such as typical load densities, airflow, water flow




Accuracy checklist for building energy simulation

Building Survey:
-Adequate knowledge of building occupancy & use?

-Adequate knowledge of HVAC function & use?
-Measured/accounted for all electrical demand?

Simulation Program:
-Adequate documentation?
-Adequate experience/knowledge of program?

Output Critique:

-Thermal load check?

-Annual energy use checks?
-Annual profile checks?

-Hourly profile checks?

-Retrofit stmulation make sense?
-Overall savings level 1s plausible?

(Source: Waltz, J. P., 2000. Computerized Building Energy Simulation Handbook, Fairmont Press, Lilburn, GA.)




Simulation Skills

Expected precision (general guideline only)
Energy

Average monthly error > annual error
T 8-10% monthly energy
T 3-5% annual energy

Annual

Average monthly error > Average annual error
T 10-12% monthly peak demand
T 5-6% annual average peak demand

Monitored data can cut the error in half




Simulation Skills

Consider the building to be simulated

What building features are likely to be significant
drivers of energy performance

Which energy conservation measure(s) are likely
to be of particular interest

Quality control to avoid/reduce errors
Check and review by competent persons
Well-organised documentation




Simulation Skills

Attacking the errors
Check careless errors 1n the inputs
Examine discrepancies in the output

Understand the sitmulation algorithms (reread the
appropriate sections of the users’ manual)

Understand the building or the design
Increased attention to detail in inputs
Tweak certain mputs to correct the errors
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Simulation Skills

Remember simulation tool cannot compensate
for bad assumptions or sloppy input

Maintain humility and scepticism

Good modellers require a lot of system design
knowledge and understanding of real operations

How well 1t works depends on YOU?




Further Reading

Understanding the Energy Modeling Process:
Simulation Literacy

101, http://www.buildinggreen.com/features/mr/sim
lit 101.cfm

Energy Analysis Tools (Whole Building Design
Guide), www.wbdg.org/resources/energyanalysis.php

Hui, S. C. M., 1998. Stmulation based design tools
for energy efficient buildings in Hong Kong,
http://web.hku.hk/~cmhui/hkpdd/hkpdd-v1.htm




