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Introduction

* The ASHRAE 211-2018

Standard

* A complement to the
PCBEA

* Brings order into
chaos of Energy
Audits

e Establishes energy
audit levels 1, 2, 3

e Establishes
Preliminary Energy
Use Analysis Methods

e Establishes a
minimum
erformance standard
or energy audits

ANSI/ASHRAE/ACCA Standard 211-2018

Standard for
Commercial Building
Energy Audits

RAE on April 30, 2018; by the Air Conditioning Contractors of America on April 5, 2018; and by the
ional Standards Institute on May 1, 2018.

oved

ican Mation:
HRAE? Standards are scheduled to be updated on a five-year cycle; the date following the Standard number is the year
ASHRAE approval. The latest edition of an ASHRAE Standard may be purchased on the ASHRAE website
(www.ashrae.org) or from ASHRAE Customer Service, 1791 Tulie Circle, NE, Atianta, GA 30329-2305. E-mail
orders@ashrae.org. Fax: 678-539-2120. Telephone: 404-636-8400 (worldwide) or toll free 1-800-527-4723 (for arders in
US and Canada). Fer reprint permission, go to www.ashrae.org/permissions.

2 2018 ASHRAE and ACCAY ISSM 1041-2336
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Procedures for
Commercial Building
Energy Audits

Second Edition




Introduction

l o I Ressources naturelles  Natural Resources
' Canada Canada

Canada

Fachity type - Exmmien

Intograted featires

e What’s RETScreen

 RETScreenis a free software tool
developed by Natural Resources
Canada (NRCan) to assistin the
evaluation of the viability and
energy performance of renewable
energy and energy efficiency
projects.

Project Viability Analysis
Energy Modeling
Performance Analysis
Benchmarking




Planning the Audit

General
Recommendations

Detailed
Implementation Plan

Operational

ROI Period Efficiency

[

Cost Savings

Audit Scope &
Objectives

l

r 9

.

Level 1 - Walk-
through Audit

.

Level 3 - Detailed
Analysis

Regulatory

Sustainability Goals e

Carbon Neutrality

Green Certifications
Targets

Made with <@ Whimsical

Level 2 - Energy
Survey and Analysis

Specific EEM
Proposals

Comprehensive ROI
Analysis

Preliminary Cost
Analysis
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General building layout or blueprints
Level 1 - Walk-through Audit { Basic equipment list
Recent utility bills

Historical utility bills Detailed equipment specifications
Equipment efficiency ratings Cost Savings Hourly/daily energy consumption data
Level 2 - Energy Survey and Analysis
Operational hours Audit Levels Occupancy and operational schedules

Previous energy audit reports

Previous sustainability reports
Carbon footprint data } Sustainability Goals Data loggers or sub-metering data
Renewable energy sources Audit Dbjectives Information Needed for Ene rgy Audlt Detailed equipment maintenance and performance logs
Level 3 - Detailed Analysis
Equipment maintenance logs Comprehensive building modeling or simulation data
Facility operational schedules } Operational Efficiency Financial data for ROl calculations

Occupancy patterns

Occupancy schedules
Previous compliance reports Commercial Building HVAC operation logs
Regulatory Compliance
Regulatory standards documentation

Lighting schedules
Facility Type

Preduction schedules
Industrial Facility { Machinery specifications
Waste heat data

Made with <& Whimsical

Association of Energy Engineers



Planning the Audit

Preliminary Energy
Use Analysis:

* Baseline overview of
building's energy
performance

* EarlyStage Benchmarking

* Data Sources: utility bills,
schedules (min. 1 calendar
year)

* Key Metrics:
* EUI
* ECI

* Informsdepth & focus of
main audit

kWh - Energy

Dec-21

25.00

20.00

kW - Demand
&
8

]

5.00

0.00

Total kwWh and GJ - Energy - Electricity

Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jun-22 Jul-22

25.00

20.00

15.00

10.00

5.00

0.00
Aug-22 Sep-22 Oct-22 Nov-22

—8—Total kWh - Energy  —@=Total GJ - Energy

Total kW — Demand

Dec-21 Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jun-22

Jul-22  Aug-22 Sep-22 Oct-22 Nov-22

Energy Cost Distribution Per Source

Total S Qil Bill -
calculated
34%

Total $ Electric Bill -
calculated
66%

m Total $ Electric Bill - calculated = Total S Oil Bill - calculated

Energy Distribution Per Source

Qil Energy Equivalent

-GJ
45%
Total Electric Energy -
GJ
55%

m Total Electric Energy - GJ = Oil Energy Equivalent— Gl

Qee

Association of Energy Engineers



Planning the Audit

Preliminary Energy
Use Analysis:

Qee

Association of Energy Engineers

Baseline overview of
building's energy
performance

Early Stage Benchmarking

Data Sources: utility bills,
schedules (min. 1 calendar
year)

Key Metrics:
* EUI
* ECI

Informs depth & focus of
main audit

Esite = Eimp - Eexp -E;

Imported Energy Eimp

RETScreeny
Expert

-~

7

On-site renewable
energy production E,

IRV

Net increase in stored imported
energy E

@ ENERGY STAR® Exported Energy Eexp

=< Porttolio/\ianager®

ASHRAE ) Free Templates

L - Figure 1 Relationship of site energy (Egj;.) and building energy (Ep;g). From ASHRAE 211-2018, page 5

EUL: Energy Use Intensity

total gross floor area of the building (measured in square feet or square meters)

total energy consumed by the building in one year (measured in kBtu or GJ) <Kbtu)

ECI: Energy Cost Index

SQft (W)

total cost energy consumed by the building in one year (measured in $) _ $
soft) " (SQM)

total gross floor area of the building (measured in square feet or square meters)




RETScreerny
Expert

PN ENERGY STAR:’
&2 PortfolioManager®

ASHRAE) Free Templates

TOOLS FOR THE
ENERGY AUDIT




Planning the Audit

The Audit Team e Basic Team — Level 1:
* I'll depend on how deep are you going in the energy audit, and * The energy auditor (solo), level 1 and probably level 2
what are the goals from it depending on the facility

* Opt: Energy Analyst

* Fora level 2, consider adding:
* Surveyor / Drafter (if there are no drawings)
* Energy modeler (if the auditor is not the energy modeler)
* Opt: Discipline specialist:
* Mechanical engineer
* Electrical Engineer
* PowerEngineer

* Fora Level 3, consider adding:

* Second auditor, specialist in one specific aspect of the audit (i.e.
LEED professional)

Electrician on site: to install data loggers and energy analyzers
Opt: Light specialist
Opt: Emissions Specialist

Any additional technician with specific specialization aligned
with the scope of the audit

Association of Energy Engineers



Conducting the Audit —

Walkthrough

Documentation

e Site Visits

* Stick to your o TS - Equipment
plan... unless . o - Checks
reality hits you in = B AP -
the face!

Interviews




Conducting the Audit

(@ RETScreen Expert - Dighy - 5 Bay Garage - NSDPW - COMBINED.rebx

n  Finence  Risk  Report  Custom

PEE] oston  Faciity Energy  Cost  Emi
8 Adjust image - e 3
E=1

- a 4 — : [ = Show not <
Mok B i (S N | S gasen. 9

Benchmark | Feasibility | Performance Al Level 1| Level 2 Hide Benchmark Default Select Help elearning Workflow... Colour
i =

 Data Analysis — RETScreen +

[

RETScreen - Facility

Facility information

Facility type Commercial/Institutional ~ E XC e | I ‘ \S I I I {‘ \ E I O I I I | S
Type Gther ~
Description Commercial/Institutional - Maintenance Shop
Prepared for Nova Scotia Department of Public Works
Prepared b Hysovent Limited
repared by = All Audit Levels - Annual Summary
e
Facility name Dighy - 5 Bay Garage @ R o [ereheed |
mported Encray
Address 200 Robinson Weir Rd o PP PR
‘ = EnsvarToee it - eysimat | Aunval Curs Energy Breakdown by Fusl Type
City/Mi I Di
rovince/State
4
Country Canada - - N
x
- s
Benchmark - Commercial/Institutional - Other i 17,376 Gt (Funt 0182 307  emass  wom
Facility size 589 m* - ) B
x
oy Tonat|_nan | 5 26000
2 Enrray Pratustinn (E,) e .
& Fuel consumption Aannal Unier - Annwal Curs ’ “
. intensity Plan s Enargy Cost Braskdown by Fuzl Type
nergy use intensi
Energy unit Gl - Base cose - e
Reference unit m* Ea et —
Exported Encray (E..,)
maray Trns Unier -
Benchmark 082 GIfm? fasrer D
Minimum (Typical) 0.62 Glfm? ae
s s
Maximurn (Typical) 218 Gl/m . Benchmark [
3 Ex Teat FEa—
Base case T Glm? i Diaby SBar e
Reference yesr 2022 s £
g3 sas
5% T
Set target Target - 2 sz L oy e e s
Year 2030 n_om
Target S0 - T Evoras Urolnrensity
Proposed case 072 Glm? & Target EUNECI ] \
Benchmark Source [ On-site enewabie '
Faciity - Plan Annual ot i T i
- - - Target EUI [bwilding] (MMzqmiye H !
Target EUI [ite] (P zqmiyr] Estabish either an £L7 o EO target in consu itation 1 1
Targer B e (2] with buing cwner. o
sl Encray Sawings te Reach Target| n tmported Encrgy & I 1 i
Nt increase in stored imported | |
Annual Sost Favings bo Risach Targat] i avsilabled p—y | H
. .
’ I FeT b
Wi v X - = S B
[ — H
* !
. swekneryy b4
Figure | Relationship of sife energy (E,.,) and Buiding cnergy (Exa)
_ All - Annual Summary [N RelPa All - Space Functior se Breakdown L2 - Envel
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Conducting the Audit — Report Structure

1

N

3

Qee

. Executive Summary
Brief background andsummary of scope
EEM (Energy Efficiency Measures) summary table
Summary of benchmarking results
. Background Information
Contactinformationforstakeholders
Auditscope, methodology
Description ofthe site and the building
Historical energy consumptionand costs
Benchmarking results
End-use analysis results
Client motivations or mandatessatisfied by this effort
. Description of the Existing Building Systems
Occupancy
Building envelope
Lighting systems
Mechanical systems

St?fcu rity, oversight, or operational requirements impacting this
effort

Photographs

Procedures for
Commercial Building
Energy Audits

Second Edition

=

4. Energy Efficiency Measures

*  No-cost/low-cost measures

. Capital investment measures

* Demandresponse measures

e Distributed generation/renewable energy measures
o O&M measures

* Impactofcurrentfinancial market, utilityincentives, federal taxor grant
support, etc.

5. Supporting Information

¢ Analysis

. Measured data or monitoring results

*  Manufacturers’ information or “cut sheets”
*  Plansand sketches

¢ Additionalinformation or s pecifications

Let’s go with Live Example!

Association of Energy Engineers



After the Audit

@ reTs

een Expert - D

B o
& =
®

Facility

Energy

A Fuels & schedules

& Electricity and fuels
"% Schedules
~) Equipment
Electric Baseboard
Heat pump - Offices:
Boiler - BASE CASE OIL
Boiler - PROPOSED CASE PROPANE
Central Heat Pump - PROPOSED
4 3 Cooling
Heat pump - Offices
Central Heat Pump - PROPOSED

~) End-use

4 (% Building envelope
Garage Bays Area
Office Area
Lunchroom
Boiler Room
Storage Room
¢§? Roof - Base Case
7 Walls - Base

~) Optimize supply

~) Summary
£] Include messure?

&3 Comparison

@ RETScreen Expert - Digby - 5 Bay Garage
[ [ —
o F b

Electricity Schedules  Heating Cooll
and fuels - .

RETScroen - Energy Model

- NSDPW - COMBINED.retx
Cost  Emisson  Finance  Risk  Repot  Custom
A LY 1 w0 (] & Show notes ¥ Export to file.
fa oo B & I € © W Bli @
ing Energy Heating Power Include  Comparison | Dashboard... End-use... Target. Scaling - Notes.. Help
. . . measure? Update...

Subscriber: Hysovent Limited - Professional

~ Fuels & schedules
" i Incremental iney INcTEmental  Simple  Include
Heat Coal Blectrici N Fuel cost saving "
& Blecvicity and fuels éh Showe |41 - el ed W initial costs P O&Msavings payback measure?
B Schedkles Fuel consumption - basecase __ *| G~ a 5] 3 s H ¥ -
2) Equipment Heating |
Domestic Hot Water - Electric e 0 0 [m)
* Electric Baseboard a 0 O
Domestic Kot Wter - lectric —— N o o o
Blectnc Baseboard Soiler - BASE CASE OIL 0 0 O
Heat pump - Offices Boiler - PROPOSED CASE PROPANE a 1938 0 immediste [
Boiler - BASE CASE OIL Central Heat Pump - PROPOSED 76230 916 0 82 7
Boiler - PROPOSED CASE PROPANE
Central Heat Pump - PROPOSED Total a0 2855 0ot
° 4 @ Cooling .
. ~ End-use
4 €} Buitding emvelope
Garage Bays Area
Office Ares
Lunchroom
Boiler Room
Storage Room
& Roof - Base Case
& Wolls - Base
- NSDPW - COMBINED retc =) Optimise supply
Cost  Emiss? Finance  Risk  Report  Custom Language ¥ | Share v | Subscrie "Pv R
Show notes —_
a | % B & 294 prr | @ [E e
(] = & Show image b & Comparison
Energy Heating Power Include_ Comparison | Dashboard. Target... Scaling - Notes... Help elearning Steps. P |
- - - measure? Update. - =
. B 3 RETScreen Expert - Digby - 5 Bay Garage - NSDPW - COMBINED.retx
AETSereen - Enduse Er=E— BB ooton  Faciity  Enemy  Cost  Emission  Finawce  Rsk  Repot  Custom :
Summary - Electricity and Fuel consumption - base case b === 'Y * A % E & g & [ Shownotes ¥ Export to fle e
@ Fuel type Base case Proposed case. Savings o v O = #3=] ] &8 show image .
. Becwicty Scheduls | Heating Cosing Energy Heating Power Include  Comparison  Dashboard.. End-use.. Target.. Scaling - Notes. Help el
Fuel consumption - and fuels . . - . . measure? Update...
Fuel type Fuel rate unit Fuel consumption Fuel cost| Fuel consumption Fuelcost| Fuel saved Savings
Light fuel oil s 105 L 17,09 § 17977 0 s 0 17,006 s 17977
“ | |Propane $ 0521 L ] $ o 9937 $ 5176 -8,937 $(5,176) Subseriber: Hysovent Limited - Professional
Electricity 5 0164 kWh 48786 s 8006 46121 s 7569 2666 s a7
Total $25984 $12,745 $13230 Miscellaneous
! . i Incremental . Incemental  Simple  Include
et vereas Lights & Elcchicy and ucks @) Show: |41 v Meating  Cooling  Eledtddly il coss FUEIOMSVINGS Gppcivings  payback  measure?
reject verfication %, Schecuies Fusl consumption - bssecsse v Gl v ar ] s 3 s ¥ ]
Fuel -Fuel ion - Fuel Fuel —
Fuel type unit historical Basecase v variance ~! Equipment ing envelope
Light fuel oil L 173758 17,006 16% A Garage Bays Area o 3000 o575 oo =
o | [Hgnt fuetof b B - 4 B Hesing Office Area 8 3 15000 3% 0 a0 ¥
Propane L [ Domestic Hot Water - Electic P a1 18 o e 0 omediste @]
| | pecicity Kih 48,002 48786 1.6% Electnc Baseboard e oo o N N N 9
Space Heat pusnp - Offices Storage Room 66 o 236 0 Imme Il
heating Bailer - BASE CASE OIL
Heating Cooling Total Plan Variance Boiler - PROPOSED CASE PROPANE Total o1z 5 20000 o oo
Fuel consumption ~ €] - 9] 9] 4] % Central Heat Pump - PROPOSED
Base case 675 54 839 a5 074% 4§ Coding
Proposed case 342 44 418 423 2% 2 Euwe
Fuel saved 333 028 875 2 423 028% N
| |Fuet saved -2 4035 8% 515 502% 50% . Garage Rays Arsa
Fuel consumption - base case Office Aren
Benchmark Section ol % Lunchroom
Energy unit ) - Space heating 673 203% :a r nu;:
torage Foam
Reference unit wt - 589 Lights 100 e .
Miscellancous 65 8% (7 Roof - Base Case:
Benchmark Heating Cooling Total Benchmark Variance Process electricity 32 2.8% (&7 Walls - Base
Fuel consumption G)/m* G/m? G/m* G/m? % Electrical equipment 2 1.6% .
e ~! Optimize supply
Base case. 11 0.009 14 082 T4% Mechanical equipment 3 1.6% |
Proposed case 058 0.007 on 082 -134% Space cooling 5 0.6% ——)
E— 057 000z 015 072 Hotwater 2 024% £l Include measure?
& Comparison
e = e

Let’s go with Live Example!
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After the Audit

~Project verification

Fuel consumption -Fuel consumption - Fuel consumption g0 consumption -
Fuel type unit historical Base case  ~ variance
Light fuel il L 17,3758 17,096 -1.6%
Propane L 0
Electricity kWh 48,002 48,786 1.6%

ASHRAE Guideline 14, A
(ASHRAE 2002)
ASHRAE Research Project 1051 Final Report, “Procedures for Reconciling

of Energy and Demand Savings

Comg C 1 Results with Measured Energy Data” (Reddy and
Maor 2006)

ASHRAE Research Project 1404, Measuring, Modeling, Analysis, and
Reporting Protocols for Short-Term M&V of Whole Building Energy
(ASHRAE n.d.)

International Performance Measurement and Verification Protocol (IPMVP) SO m e R e So u rce S
(EERE 2002) A .

M&V Guidelines: M t and Verification for Faderal Energy Projects (part|cu|ar|yth|s One)
(FEMP 2008)

ASHRAE Research Project 1050 Final Report. “Development of a Toolkit for
Calculating Linear, Change-Point Linear and Multiple-Linear Inverse
Building Energy Analysis Models” (Kissock et al. 2002)

Universal Translator (UTOnline.org 2009)

Energy Charting and Metrics (ECAM) Tool (CCC 2008)

Building Optimization Analysis (BOA) Tool (CCC 2010)

ASHRAE Research Project 1093 Final Report. “Compilation of Diversity
Factors and Schedules for Energy and Cooling Load Calculations™
(Abushakra et al. 2001)

Building Energy Software Tools Directory (EERE 2011c)

Commercial Buildings Energy Consumption Survey (EIA 2003)

EnergylQ (LBNL 2011)

ASHRAE/IES Standard 90.1 (ASHRAE 2010b) energy end-use schedules
Title 24 energy end-use schedules (CEC 2008)

Published reports and papers providing end-use loads and load shape data
Historical weather data

Design rules of thumb

Performance metrics

* Model Calibration

* |s the process that allows us to
compare the energy consumption
calculated by the model, with the
real energy consumption.

* Good practice: it should be in the
range of +10%

* Schedules are important to know,
and be able to correctly put them
on the model

Let’s go with Live Example!

Qee
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After the Audit

e EEM’s and their simulation in
RETScreen

@ RETScreen Expert - Digby - 5 Bay Garage - NSDPW - COMBINED.retx
BB coton Rty  freroy  Cost  Emisson  Fiance Rk Report  Custom
- & o2, [ & Show notes ¥ Export to file.
N & fa o B & I @ @ dEgai. @
Bectricty Schedules | Hesting Cooling Energy Heating Power Include Comparisan  Dashbosrd. Target.. Sealing - Notes.. Heip
and fuels . - . . measure? Update...
Fuels & schedules
U u T) Vestg  cooten el G g
% Schecles Fuel comsumption - basecase | Gl = ] s 5
- i Heating
e —— i 0 o 0
Bleciric Baseboard Electric Baseboard 0 ] O
Hest pump - Offces Heat pump - Ciiices 0 0 ]
Boiler - BASE CASE OIL Bailer - BASE CASE OL o 0
Boiler - PROPOSED CASE PROPANE Bailer - PROPOSED CASE PROPANE [ 1939 0 immediate ]
Central Heat Pump - PROPOSED Central Heat Pump - PROPOSED 76230 916 0 a2 W
# & Caoling Caoling |
Hest pump - Offices Heat pump - Cfices 0 0 o L
Central Heat Pump - PROPOSED Centrsl Hest Pump - PROPOSED 33500 20 0 Mone
“  Enduse Building envelope: |
4 €} Buiking envelope Garage Bays Area 572 5000 8375 [T
Offce Ares 58 5 15,000 350 0 a2
Garage Bays Ares
Ofice Area Lunchroom 91 13 0 268 0 Immediste
Lnehroom Bailer Room [ 0 o ]
Boiler Raom Storage Room 6 [ 236 0 immediate
B — ‘ N \
& Roof - Base Case. Fan Cols - e pump 038 006 o 202 0 Immediste
- ‘CENTRAL HEAT PUMP - PROPCSED 2322 o 0 None E
& wals - Base -
) Lights |
~ Optimize supply | sk 98 12000 3988 LY “
Electrical equipment |
2) Summary | Secosn equipment 131 o o [ u]
Hot water |
& Comparison Domestic Hot water 2 o 0 0 ]
Pumps |
Hydranic Circulstion Pumps 13 [ o ] u]
Fans |
Exhaust Fan Washroom oS 0 o 0 o
Fans Ceiling Radiator 2 [ 0 ] ]
Motars |
Garage Goors Motars 003 [ 0 0 O
Process electricity |
Pressure Wesher 1 o o ] ]
Addional Shop Loads 314 [ 0 ] u]
Campressed sit |
Compressed air 99 0 0 o u]
Total 575 54 159 164352 15.872 0 104

(@ RETScreen Expert - Digby - 5 Bay Garage - NSDPW - COMBINED rebc

B octon Ry Energy  cost

T Ak @ &b

Electricity Schedules | Heating Cooling
and fuels - -

& Electricity and fuels
% Schedules
~) Equipment
4 A Heating
Domestic Hot Water - Electric
Electric Baseboard

Boiler - BASE CASE OIL
Boiler - PROPOSED CASE PROPANE
Central Heat Pump - PROPOSED

4 % Cooling

~) End-use

4 ¥ Building envelope
Garage Bays Area
Office Area
Lunchroom
Boiler Room
Storage Room
(57 Roof - Basa Case
57 Walls - Base

~) Summary

i 7
] Include measure?
& Comparison

Emission

Energy

Finance  Risk.

Heating Power

Report

Custom

Include  Comparison

measure?

Heating system

Deseription

Note

Heat pump - Offices

Target.. Scaling - Notes.. 5
Update. S

Show notes _
®

8 Show image E=1

Copy base toproposed | TP Skearming. Steps..

Heating system

Technology
Fuel type
Fuel rate
Heating equipment
Capacity
Manufacturer
Model
Number of units
Seasonal efficiency
Incremental initial costs

Incremental O&M savings

S/kWh

Btu/h

sraw

Base case
Heat pump
Electricity

0164

10,000
Moovair
DMOSHOS1911551
1
200%

Proposed case
- Heat pump -
- Electricity -

0.164 $/kWh

10000 =
Moovair
DMOSHOS 1911551
1
200%

Let’s go with Live Example!
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Final Report
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Conclusion

* Energy audits are in certain way,  RETScreen is an excellent tool, where
unique, even when following a a full energy audit can be put, and
Standard like ASHRAE 211-2018 data analyzed right away.

e Standards and Best practices help to * As well, it allows to streamline
guideline and streamline the audit calculations, saving time and adding
process, but most importantly: THEY accuracy
HELP TO PLAN * The large database, continuously

* Use of templates already available being updated, is an excellent asset to
help to reduce time, effort, and have in hand

homogenize as much as possible the
audit processes and the way to show
results

* You can add not just EEMs, but as well
on-site energy generation, and
simulate full substitution of systems,
and measure the impact on energy
consumption, energy costs, and
emissions.

m
Association of Ener; ineers



- DANKE!
THANK ¥YCU!
;ERCI!
sRAZIE!
GRACIAS!
DANK JE WEL!

¢ = & & o = o 9 @

Photo by Wilhelm Gunkel onUnsplash

Javier Ojeda
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Phone:
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