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Energy modeler’s lament

Helped achieve a Evaluated optimal WWR;
design didn’t change
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Compared HVAC
\ .
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Max’ed the LEED

points for mediocre
design



Why is it so?
Don’t have

dget
Last modeler provided the budge

a 500 page report /
\* Takes too long

Not sure what
questions to ask

Don’t believe
“—— models are
accurate
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scope of work

\

Modeler not under
contract
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- Research and design /"’”6
- Expensive and uncommon
= Performance-based codes (mid 1980’s)
- Title 24, ASHRAE 90.1 ,
o _ 1987 - IBPSA established
- Utility incentive programs (International Building Performance
- Desktop computers Simulation Association)
= LEED
- 1998 version 1.0

- 2000 version 2.0
- 2007 required 2 points in EAc

= Standard 209-2018

2004 - ASHRAE 90.1 Appendix G



How 209 came to be

2011 Spring Email list discussion

- Title, purpose and scope
2011 Oct. Committee approved
2016 Mar. 15t Public Review
2017 May 2"d Public Review
2017 Nowv. 3"d Public Review

2018 Apr. Publication



What it is

ANUARL

ANSI/ASHRAE Standard 209-2018

Energy Simulation Aided

" Process standard Design for Buildings
oo . Except Low-Rise

= Minimum requirements Residential Buildings

1. Four specific activities

2. Two modeling cycles
1. Load-reduction

2. Additional design-phase cycle @

= Optional modeling cycles
- Construction phase
- Occupancy phase



What it is

ANSI/ASHRAE Standard 209

Energy Simulation Aided

Purpose Design for Buildings
Except Low-Rise

Scope Residential Buildings

Definitions

Utilization

General Requirements

ey

Design Modeling Cycles
Construction and Operations Modeling

© N O Uk WwWwhRE

Post-Occupancy Energy Performance Comparison
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What it is

5. General Requirements
5.1 Software Requirements
5.2 Modeler Credentials
5.3 Climate and Site Analysis
5.4 Benchmarking
5.5 Energy Charrette
5.6 Establish Energy Performance Goals

5.7 General Modeling Cycle Requirements
5.7.1 Energy Baselines and Goals
5.7.2 Input Data
5.7.3 Reporting
5.7.4 Quality Assurance

70%

80%

90%

NEUTRAL",

TODAY

r Fossil Fuel Energy Reduct

2020 2025 2030

The 2030 Challenge

urce: £2015 2030, Inc. / Architect
*Using no fossd fuel GHG-emitting

ion || Renewable [] Fossil Fuel Energy Consumpti

ure 2030. All Rights Reserved,
ing enevgy 1o operate.

ion
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What it is

6. Design Modeling Cycles

6.1
6.2
6.3
6.4
6.5
6.6
6.7

Timing
#1 Simple Box Model Conceptual
#2 Conceptual Design Design
#3 Load Reduction - Schematic
#4 HVAC System Selection Design
#5 Design Refinement Design
#6 Design Integration & Optimization Development

#7

Energy Simulation-Aided
Value Engineering

Construction
Documents
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What it is

6.1 Modeling Cycle # 1—Simple Box Modeling

6.1.1 Purpose. Identify the distribution of energy by end
use. Evaluate energy end uses and demand characteristics that
affect building conceptual design.

6.1.2 Applicability. This modeling cycle applies before the
building’s geometry and site orientation have been set in the
design process. This must be completed before or during the
energy charrette described in Section 5.5,

6.1.3 Analysis. Create energy models to calculate annual
building energy by end use and peak heating and cooling
loads with identical HVAC systems. Perform a sensitivity
analysis by varying the following building characteristics:

a. Building geometry

b. Window-to-wall ratio. by orientation. and shading options
(if applicable)

Orientation

d. Thermal performance of the envelope and structure

G

Informative Nofe: See Informative Appendix C for guid-
ance.
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What it is

7. Construction and Operations Modeling

7.1 #8 As-Designed Performance
7.2 #9 Change Orders
7.3 #10 As-Built Energy Performance

8. Post-Occupancy Energy Performance Comparison

8.1 #11 Post-Occupancy Energy Performance Comparison
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Compliance

Required

5.3 Climate and Site Analysis

5.4 Benchmarking

5.5 Energy Charrette

5.6 Energy Performance Goals in OPR

5.7 General Modeling Cycle
Requirements

5.7 General Modeling Cycle
Requirements

+

6.3 Modeling Cycle #3
Load Reduction Modeling

One additional design-phase
modeling cycle (earlier or later)
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How to use it

= Policy

= Request for proposal

= Scope of work

" Guide for design process

- Analyses
- Interactions

ANUARL

ANSI/ASHRAE Standard 209-2018

Energy Simulation Aided
Design for Buildings
Except Low-Rise
Residential Buildings

Approved by ASHRAE on March 3 d by the Ame nal Scandards Insti April 2, 2
ASHRAE® Smndards are scheduled ipdated on a five-year cycle; the date following dard
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Desighers & Owners Analysts

Climate & site analysis

Benchmarking

Charrette (meeting)

Goals in OPR

Discuss purpose, inputs, baselines and goals

Analysis
Input reporting
Output reporting

Input QA review
Output QA review

Discuss purpose, inputs, baselines and goals

Analysis
Input reporting
Output reporting

Input QA review
Output QA review
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Parting thoughts

Simulation is more important than ever
We can get more benefit from simulation
We are still learning how to integrate simulation

Standard 209 is a step towards a common
understanding

18



Thanks!

Erik Kolderup
erik@kolderupconsulting.com
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Additional slides for reference
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5.3 Climate and Site Analysis

= Review local climate
data

= Assess site
characteristics

= Create list of climate-
and site-specific design

strategies




5.4 — 5.6 Benchmarking, Charrette, Performance Goals

Benchmarking / Overall Goals

CBECS database
Energy Star Target Finder
AlA 2030 Challenge

DOE Building Performance
Database

70% 80% 90% AR ON

NEUTRAL*

TODAY 2020 2025 2030

|:| Fossil Fuel Energy Reduction D Renewable |:| Fossil Fuel Energy Consumption

The 2030 Challenge

Source: ©2015 2030, Inc. / Architecture 2030. All Rights Reserved.
*Using no fossil fuel GHG-emitting energy to operate.

Charrette Topics

Purpose of energy modeling
in project

Project performance
metrics and goals

Results of any previous
modeling

Financial criteria for
decision making

Project schedule and follow-
up items

S

A
EEHA

ENERGY STAR



5.6 Energy Performance Goals in OPR

Overall Building Energy
Goals

Discipline- or system-
specific energy goals

Envelope

- Lighting/Daylighting
- Plugs/Process Loads
- Service Water Heating
- HVAC

Item

Component

Recommendation

Group similar space types within the

Envelope

Form'space planning Proper zoning building foolgeint.
Inzulation entiraly above dack R-30.0 .

8D Solar raflectance index (SRI) Cormgply with Standard 90.1*
Maza (HG » 7 Bruit) R-133cl

Walls: Steal framed R-13.0+R-75cl
Below-grade walls R-7.5 c.i,
Mass R-14.6 ..

Floors Sisel ramed R-38.0

Slabe Linhesated Comgly wilh Slandard 801"
Healed R-20 for 24 in,
Swinging L-0.50

Doars Nonswinging U050

Vastibules Af primary visitor building aniranca Comgply with Standard 90.1*

Continuous air barriers

Continuous air barriers.

Entire building ervelope

Vertlcal fenestration
{full agsembly—MNFRC rating)

‘Window-to-wall ratio

40% of nat wall [loor-cedling)

Thermal franamitlance

Honmetal framing windows = 0.38
Metal framing windows = 0.44

Solar heal gain coellicient (SHGG)

Nanmetal framing windows = 0.26
Muetal framing windows = 0,38

Light-to-solar gain ratio (LSG)

Al oriantations = 1.6

Exterior sun control

South orientation only - PF = 0.5

Daylighting/ Lighting

Faam-driven daylighting aption

All spacas

Comghy with LEED for healthcara cradits
IEQ 8.1 (daylighting) and IEQ 8.2 (views)

Diagnostic and reatmenl biock

Shape the bullding feotprint and form such
thal the area within 15 it of the perimeter
exceads 0% of the floorplate.

Inpatient units

Ensure that 75% of the occupied space not
including patient rooms lias within 20 ft of
the perimeater.

SHafl areas (exam rooms, nurss elabons,
offices, carfidors); public spaces (waiting,
recaption); and other regularly occupied
Spaces &5 applicable

Design the building form 1o maximize
asuess 1o natural light. through ssdefighting
and toplghting.

Manform-driven daylighting option

S1aff areas (exam rooms, nuree slabons,
aoffices, corridors) and public spaces (walting,
recEpbon)

Add daylight controts to &y space within 15
1t of a perimetes window,

Interior finishes Room interior surface averags refiectance \-C'J:i::;i*?.:ﬁm
Lighting power density (LPD) *;Ph:c‘:g:ﬂ;xg:gm e
TE&TS=>2fi=92
Ligh! source eficacy (mean lumens per wall) [TE&TE<ZA=85
All other =50
Interior lighting Ballasts—d ft T& Lamps MNondimming = MEMA Premium

Direming= NERMA Premiurm Pragram Star

Ballasts—Fluorescent and HID

Electronic

Dirnming conirols dayBghl harvesting

Dirn all fixlures in daylghled zones,

Lighting controls—General

KManual ON, aulodlimed OFF in all areas as
possible,

Surgery task lights

Lize LED lights axclusivety

Exit signage

0.1-0.2 W Light Emitting Capacitor (LEC)
exit signs exclusively




Typical Energy Modeling “Cycle”

- Reflect latest design
- Refine OPR goals

1. Update A \
r. Narrative h Baselines \
- Inputs and Goals
- Outputs ~
\relative to goalsj X H
5. Report NL” 2 Gather |
Results I\ nputData |
\ > - Project-specific data
/~ Refer to specific\ i CondL_Jct = QU - Incremental costs
Modeling Cycle Analysis Input Data

for purpose,
applicability, and

Qnalyss Y




Modeling Cycle #1
Simple Box Modeling

= Create a model based on project location, principal building
type, and gross floor area

= Using a building energy model, vary the following
characteristics:

Building geometry
Window-to-wall ratio

Orientation

Thermal performance of envelope

= |dentify distribution of energy by end-use and determine
which characteristics more significantly affect energy
performance



Modeling Cycle #2
Conceptual Designh Modeling

= Not applicable to buildings when energy consumption from
plug/process loads is greater than 75% of total.

= Evaluate design strategies related to building form and
architecture, holding internal loads and HVAC systems
constant among concepts considered.




Modeling Cycle #4
HVAC System Selection

= Evaluate impact of HVAC System Type on energy performance
= Must take place after Load Reduction modeling

= Use energy model to compare at least two alternate HVAC
systems




Modeling Cycle #5
Design Refinement

= Support further development of building design

= Must take place after “Load Reduction” cycle and before end
of construction documents phase

= Analysis could focus on one or more of the following
categories:
- HVAC
- Lighting
- Envelope
- Service water heating
- Plug and process loads




Modeling Cycle #6
Integration and Optimization

» Facilitate integration of building systems through an
optimization process.

= |dentify Optimization Objective, Design Variables, Design
Constraints or test range for each variable

= Use energy modeling to conduct optimization analysis of the
parameters defined above

Optimal Window Area

N
~

Window Area

Energy Cost




Modeling Cycle #7
Value Engineering

" Provide information on implications of value engineering
proposals on performance goals to ensure a more informed
design decision.

= |dentify project alternatives from at least one VE proposal

= |dentify first cost and operating cost consequences to building
systems directly and indirectly affected

= Use energy model to simulate each alternative




Modeling Cycle #8
As-Designed Energy Performance

= Develop a building energy model to represent the as-designed
project in order to compare as-designed performance to
project goals.

= Based on 100% design drawings
= Schedules represent best guess on expected use.

£ K ¥ & 3%
i it




Modeling Cycle #9
Contemplated Change Orders

Provide feedback on all contemplated change orders (CCOs)
that impact the project’s energy performance goals

Provide either a qualitative or quantitative (energy model)
review of all CCOs that negatively affect performance goals

At least one CCO must be evaluated using the energy model




Modeling Cycle #10
As-Built Energy Performance

= Develop a building energy model to represent the as-built
project in order to compare as-built performance to project
goals.

" As-built drawings and contractor submittals

= Same schedules as ‘As-Designed’ unless new information is
known
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Source: www.sfwater.org



Model Cycle #11
Post-Occupancy Energy Comparison

= To identify potential energy savings opportunities and provide feedback to
future energy modeling projects

= Compare modeled energy performance from design phase energy model
to actual energy performance from utility bills.

I”

= |f available, use actual weather data rather than “typical” weather data.
= Calculate error metrics NMBE and CV(RMSE)

= Conduct weather-based regression analysis (optional)

NMBE =100 X » (v =9 / [(n = p) x 7]

1/2

CVRSME = 100 X /¥

> 0i=90% /(=)




