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Common reasons fobuilding inefficiencies include their design,
materials, and age.

To address these issuemenovations and retrofits of existing
building stock has become a pressing need.

TheUS Department of Energy (DOE), for example, has set a goal
of reducing housing energy use by up to 70% .

Norberg-Bohm, V. and White, C. Building America Program Evaluation. 32004



Energy Saver 101:
Home Energy Audits

Take the first step to improving your home’s energy efficiency: get a home energy audit.

What is a
home energy audit?

A home energy audit helps you pinpoint where
your house is losing energy and what you can
do to save money. A home energy auditor will
also assess health and safety issues that might
exist in your home,

The audit involves two parts: the home assessment

and analysis using computer software.
4
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Thermal Cameras

A Thermal cameras (or infrared cameras)
detect electromagnetic radiation with
lower frequenciesthan visible light (i.e.,
infrared frequencies)

A All objects above absolute zero emit
infrared radiation, so thermal cameras
can 0 s daretie dark without external
Illumination

A The amount of radiation emitted by an
object increases with temperature, so
thermal camerascan alsomeasureheat



Common Thermographic Issues

Air Leakage Moisture Intrusion




cFLIR APPLICATIONS PRODUCTS DISCOVER SUPPORT NEWS ABOUT Q

THERMAL CAMERA FOR SMART PHONES

FLIR ONE Gen 3

MODEL: FLIR ONE GEN 3 - 10S

Go to Support Page »

There’s an invisible world right next to the one you see every day, just
waiting for you to explore it with the FLIR ONE. Whether you're seeing the
world in a whole new way or just finding problems around the house, FLIR
ONE's thermal camera gives you a new view of your everyday world.
Discover what's been around you all the time, with FLIR ONE. The FLIR
ONE app requires sign in, which enables automatic warranty registration
and access to all the latest updates from FLIR.

PRODUCT VARIATIONS:

FLIR ONE Gen 3 - i0S v

$199.99

BUY NOW

Thermal Imaging Camera Attachment

THE DIY'ERS BEST FRIEND EXPLORE THE GREAT OUTDOORS EXPAND YOUR WORLD

Find problems around the home fast, like where See in the dark and explore the natural world Detecting tiny variations in heat means that you
you're losing heat, how your insulation’s holding up, safely with the FLIR ONE. Watch animals in their can see in total darkness, create new kinds of art,
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RESEARCHJUESTIONS

How does using our temporal thermography system influence

homeowner 0s behaviors or pe

What do professional auditors think of temporal thermography
systems and how do their views differ from homeowners?
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RELATEDWORK. TEMPORAILDATA COLLECTION
Foxet al.Energy and Buildiayt
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RELATEDWORK. TEMPORAILDATA COLLECTION
Foxet al.Energy and Buildiayt

Thermal image recorded
every 30 minutes

Thermal camera. On tripod and housed
in protective hide. Located with minimal
obstruction between facade and camera
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RELATEDWORK TEMPORAIDATA COLLECTION

Foxet al.Energy and Buildiatyé
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Time-lapse thermography for building defect detection

Matthew Fox -, David Coley", Steve Goodhew?, Pieter De Wilde*
" Drie G Py Uniet Ko
Down. Bath B2 A,
ARTICLE INFO ABSTRACT
e sty - r < st one single peint
Received 21 November 201 in time, rather than changes in state over a sustained period. Buildings. materials and the environment
cived n evised form 12 Janvary 2015 are, howwever, rarely i a thermal equilibriam, wirich therefore risks the misiniesprecation of building
Recopied 18Janmary 2015 o3 defects by employing this standard methodology. This paper tests the premise that time-lapse ther-
o mography can better capture building defects and dynamic thermal behaviour. Results investigating
the emporal resolution requied for time-lapse thermography over wo case study houses found that
crences (approximasely 0.2 ) berween thermal arcas

under typical conditions small temperature
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risk of misimterpretatio

1. Introduction and less energy efficient construction. It is therefore important to
improve existing dwellings that are energy inefficient thermally
and i quired

The ability to identify thermally inefficient areas successfully,
such as specific thermal defects, is fundamental to the subsequent

buildings account for ove
the European context, building energy use is i

Within the
EU dwellings responsible for approximately 70% of all energy use

construction professionals as a non-destructive tool suited for this

‘were built prior to 1881 (3], a pattern which mirrors the hous-
ct infrared radi

a

ing trend throughout Europe [2].
England for 2013 only totalled 109.370 units [4], the aim of the UK
government to meet carbon reduction targets of 80% on 1990 levels

b i sin turn

increased

to thermally improve existing dwellings. In
ing to increased levels of fuel poverty [6].
be used as a tool to identify quickly potential b
such as moisture 5. without the need to undertake
i i ions. Hi

energy costs are le.
The risk of fuel poverty is typically larger amongst occupants of
rural buildings |7] due to a lower uptake of gas central heating
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i tran:
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Finding R-Values of Stud Frame
Constructed Houses with IR Thermography

3

Robert Madding
Infrared Training Genter, FLIR Systems, Inc.

ABSTRACT
14 One can calculate the R-Value for an exterior wall segment by estimating the heat flow between the interior of
a room and the interior wall surface. In steady state heat transfer conditions, all the heat that flows to the wall
flows through the wall. Quantifying the heat fiow through the “air film” near the surface of the wall is a
straightforward radiation and convection calculation. One needs to know the indoor, outdoor, wall surface
and reflected temperatures and the wall emissivity. One doas not need to know the wall construction. The
challenge is, especially for well insulated walls, that the difference in temperature between the room and wall
surface can be small, sometimes only a degree or two, sometimes even less. Calculations based on small
deita-T's can result in large errors. For this work the necessary temperatures were measured with FLIR
Systems, Inc. model PB40 and PE5HS IR cameras and a Davis Vantage Pro 2 weather station every 15
minutes for a 24 hour period for a real world experiment. These measurements were done on different wall
segments and different dates. Controlled tests were performed using a PG5HS and Extech data logger on a
box we call our “inside-out house™ comprised of differently insulated stud frame constructed bays with wood
studs and standard construction, albeit the height was Ilrmled 1o about four feet. The author developed Excel
software the series of calculate R-Values. For steady
state conditions and proper measurement, the R- Valueshuu\d remain constant. Measurement uncertainties
were using the Standard Deviation to Average Value ratio for various measurement technigues and weather
conditions for both the real-worid home and our inside-out house. The best consistency was 2% to 5% for a
controlled environment with a real world variation of 7% to 12%. The author performed an uncertainty
analysis to evaluate the sensitivity of R-Value calculation to the variables involved. The paper discusses
measurement techniques and procedures, weather conditions and interior conditions that will minimize the
erfor of estimating R-values using IR thermography.

INTRODUCTION

" According to U_S. Government statistics we spend §160 billion per year on home energy costs, 21% of
national energy costs. Of this, we-spend $72 billion, almost half on heating and cooling our homes. And with

reasonable, ECONOMIC ENErgy CONSETVation efforts we can save 10% that's 7.2 billon annually on our home

heating and cooling energy costs.

g

e

Anyone faced with over 4 50 per gallon heating fuel costs is feeling the pain of increased energy costs.
Switching fuels is one altemative, but all energy costs are rising and we cannot control them. What we do
have a measure of control over is our energy consumption, especially for home heating and cooling. We can
upgrade to Energy Star rated heating and cooling systems. We can reduce our temperature difference, the:
driving foree for heat flow, by reducing the indoor temperature in the heating season and increasing it in the
cooling season. We can reduce air infiltration/exiliration by proper caulking and weather stripping. We can
reduce the effective size of our living spaces by zoned temperature control. We can improve our home:
envelope insulation by adding good, property installed insulation, replacing old, ineffective or missing
insulation. But wait, where is the insulation bad or missing? Am | to poke holes throughout my home in the
dry wall just to find out? No. IR thermography under the right conditions can readily spot bad or missing
insulation. We do need a good temperature difference between the inside and outslde of a home to do this,
but with modem IR cameras the job is How much of a we need is
discussed in a later section. |t depends a lot on the quality of the IR camera being used.

Insulation retrofits cost money and one could reasonably ask what the cost benefit ratio is for doing this. To
this end the author has developed an algorithm that estimates the R-Value of a wall section, then estimates
savings in energy cost by improving the insulation level to a higher value. The user has control over the input
variables, including R-values, energy costs, efficiencies, affected area and degree days. Uncertainties exist
at every tum, so the estimates aren't going o be to the nearest dollar, but should give a reasonable quideline.

InfraMation 2008 Proceedings ITC 126 A 2008-05-14

Madding, 2008
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Application of infrared thermography for the determination of the overall heat
transfer coefficient (U-Value) in building envelopes

Paris A. Fokaides?, Soteris A. Kalogirou ™
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“The discussion on the a pplicability of the IR thermography for
been hekd since this techniq

commercialized at the caly 90s. One of the most important ques-

tions to answer is whether this technique may provide reliable

‘quantitative measurements, or if the extend of this application is
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cussian, especially in the case of building
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on-steady character of he heat trnsl
and the interpretation of an instantaneous thermogram under
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ain areas for using IR thermagraphy in building diagnos-
tics are presented n detai by Balaras and Argirou [3.Inpartios-
Lar,
electrical systems inspection in audited office buildings are pre-
sented to demonstrate common problems and data interpretation
In this study, it is suggested that building IR thermography on
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Infrared Screening of Residential Buildings for Energy Audit
Purposes: Results of a Field Test

Giuliano Dall'0" *, Luca Sarto and Angela Panza
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Abstract: In the European Union (EU). the building sector is responsible for
i 40% of total energy The existing building stock is inefficient
and can. and indeed must be retrofitied to address this issue. The practical implementation
of the European sirategies requires knowledge of fhe energy performance of existing
buildings through energy audit fechniques. Application of thermography in the fields of
energy are very widespread. since. through such a non-invasive investigation. and through
comect interpretation of infrared images, it is possible to highlight inefficiencies in
buildings and related facilities. The paper shows and discusses the results of an infrared
audit campaign on 14 existing buildings located in Milan Province (Ifaly) miade in different
construction periods and characterised. therefore. by different building technologies
The U-values obtained in an indirect way through the thermography of the opaque walls of
the buildings investigated, were compared with the actual known values ia erder to verify
he reliability of the method and the possible margin of error. The study indicated that the
category of buildings in which the application of this method is sufficiently reliable is that of
solid-mass structure buildings. the most widespread in Tialy. whereas in the case of
buildings whose exteral walls are insulated. the percentage of deviation is very high

Keywords: energy efficiency: infrared screening: themmography applications; energy audit
of buildings; U-value measure; infrared audi; convective heat transfer coefficient
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1. Introduction

cr desls with 3 research project that follows the proce-  importance of 3 proper evaluation of the building

mine its accuracy for different walls typolagics, the procedure has
been validated on an experimental purpose-built cons ruction. The

nvelope real
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value of opaque buiding elements

based onInfrared Thermovision  quantitative thermography has been already presented and dis-

Technique (ITT). previously proposed by the authors |11 Inorderto  cussed [1). Anyway. from 2010 there have been imporiant innova-
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Considering imeratonal enery egiltions, s
Directives came recenty ineo force,the SDT0/31/EU 2] 50 caled

+ Corrmsponding aut
By g

bt 1016 ey 0
006261918 2014 Bavier Lut Al rights

e o
i (R AB,

9 egen. NZEB (neary 2er encrey buildings)and the 201212780 [3]. They
have forced public administrations, designers, private companies

Enegy and uidings

journal hamapags: www slssvier.com locate/enbuild

Contants lsts availabl

Energy and Buildings

t SciencaDiract

U-value assessment by infrared thermography: A comparison of @mm,k
different calculation metheds in a Guarded Hot Box

lole Nardi*, Domenica Paoletti, Dario Ambrosini, Tullio de Rubeis, Stefano Sfarra

i Ju— S ——
rons g vy
ARTICLE INFO ABsTRACT
e T el e () of el g s v 1T o 5
Received 17 Sey 201 rv.ﬂuannn of the thermal pcﬂnmmmrn astruct
et — e
oA
Netoe e s 5016 fns v

— e
mnsetemomny Tl s e
‘Heat flow meter “The aim of this
e comtton na ol et T rls e oy rert 1 et . e o
etV — o R e Compared with e o mees meaSaeTents d theorctial vl

©2015 Elsevier B. Allights reserved.

1. Introduction

bridges or anomalies, humidity. mould, partial adhesion between
sensors and wall, Furthermore, results might depend on the con-

lope is mandatory for the quantification of losses through it This
rameter,

by using the
heat flow meter method (HFM).

sidered analysis method, al s
‘who applied different methods and tools to process data acquired
HFM on real buildings; even the wall exposition might affect
the final result, a5 shown in Ref. [7]. where results of the
method applied both 10 2 North and to an East facing wall have

To apply it 10150 6946 1]
that requir the thicknessand -

cxamined e 5l whetthe fuenceof et proes istiog
thro.

missing, especially for ancient buildings; in these cases, it can be
Fetrieved by comparison with coeval structures and by Feferring to
values provided by norm, s for example UNI 10351 2]

As an altemnative, the fieat flow meter method allows to deter-
mine the thermal transmittance directly on the wall, complying
With ISD 9869 [3]. This method requires specific operating condi-

angle has
A pproaches, in the a5t years hew method-
theuse of Infrared
Proposed n iterature o evaluate the thermal fransmiltance
It is well known that a correct interpretation of an IR imay
1orU-Valie measurement s complex. mayny because of he May
parametes involved in an IR mage reading: emisiney. whose

o {as, for instance, 2 pe
indoor and outdoor, which mighit afect the results and their rela-
tive uncertainy s proved in Ref. [4]): and the absence o thermal
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dareses: ol @graduate i vagis (1. Tt
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variation against b

e D) etected aciton, wisch lnees e accuracy of
infrared thermography temperature measurements, but can be
compensated using 3 reflective mirrar (1. an aluminum foil, as

[0} tests and
real building have been performed showing the better agreement
between corrected temperature gathered from a thermogram and
the temperture read on th same sufaces by 2 thermecouple
onan IR image, P

Albaticiet al.,2015
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RESEARCH_CONTRIBUTIONS

Future work called for within these assessments includes-rea
world deployments with professional users

This work contributes the design of such a system, and
evaluations with both professional and neprofessionals
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AEasyto-Deploy
ANon-intrusive

AProvide Rapid Analysis
AHelp with Severity Estimation

AHolistic Report
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Dashboard
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Indoor Temp: 74.30 Fahrenheit
| Indoor Humidity: 5220 %
Indoor CO2: 400 PPM
Sindoortvoc: 0 PPB
SlastUpdated: Jul 11,2018 at 1113 AM
|
| Recording Status
| Galibration: Incomplete
?"Wﬁelapse Not Recording
| Finishes

Hardware Status

Local IP: ("JS59P") 192.168.1.9
Signal Strength: Strong
Storage Remaining 80.40 °

Temp/Hummty——*
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Sensing

Calibration,
Processing,

Reporting
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Sensing

O

O

Calibration,
Processing,
Reporting

Report Snapshot

13.00 R

Tl Ansye o 4 e Sasur ¥ Petormance
13.00 R | OKAY

[ 0 Cotucron Pty

Ay O @0cs OLn  Avwage ndoor Humidty

| GOOD

33



‘:\‘" DEVELOPMENT REVISEDVISUALIZATION

Report Snapshot

o s i ¥

13.00 R | OKAY'

—
TNDOOR HUMDITY

P
47.38% | GOOD

INDOOR TEMPERATLRE

e e g
67.95°F | LOW

EEEEEES

e 5 ot
638.79 PPM | GOOD

THERMAL ANALYSIS

Thermal Analysis of | Wall (Non-Basement) ¥ | Performance

13.00 R | OKAY

Data Collection Results:

The performance of the insulation in the highlighted region appears to be
within the typical recommended insulation range of 13 - 20 R that is common
to this region of the United States; 20 R is standard for an insulation cavity, but
thermal bridges (e.g., studs) and degradation can reduce overall performance.

What To Look For:

Any regions in the image that appears brighter than the highlighted region are
likely performing better, while regions that appear darker are performing worse
(assuming winter-like weather conditions). If brighter or darker regions appear
around windows or doors, this could be an indication of an issue with the way
the window or door was installed or could indicate the presence of an air leak.

Potential Recommendations:

By adding or improving insulation and reducing air leakage around windows
and doors, you could potentially save between 10 - 15% on your monthly
utility bill and improve thermal comfort in your home. If, upon reviewing this
thermal image, you notice more low performing areas than similar or higher
performings areas you may want to consult your building manager, facilities
management staff, or an energy audiiting professional.

More information can be found at:

Adaing ; insulation
Stopping Aieakage: https. : 1z8/8ir-56alNg- 0ur-Noms.
Note:

There was an adequate temperature differential (21.56°F) between the inside
and outside of the building; the thermal analysis presented here should be
reliable. Other factors that can impact scans is sun or rain on the exterior side
of the wall, water pipes or wall studs, and nearby heating/cooling units.

Back to Top
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"\o DEVELOPMENT VALIDATIONRESULTS

DataSegment  Notional THMdeviation) IRT(deviation) Average Temp. Delta
Day1l R-6.50 R-7.54 (16.00%) R-7.67 (18.00%) 27.47C
Day 2 R-6.50 R6.67 (2.61%) R-6.29 (3.23%) 20.96°C

FullCampaign R-6.50 R-6.30 (3.07%) R-6.39 (1.69%) 22.85C
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We recruited local participants using listserv, community
messageboards, and word-of-mouth in the WashingtonD.C.

metro area
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Ii HELD DEPLOYMENT PARTICIPANTS

5 Participants

i
i (3 Male, 1 Female, 1 Prefer Not to Answer)
i

-




“ HELD DEPLOYMENT PROCEDURE

PreStudy
Questionnaire

Introduction
Meeting
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li HELD DEPLOYMENT TRAINING

FLIR One Thermal Camera
Spot

makealility 18I0 asetwssenbingansusng

Temperature

Common Uses

Missing Insulation: In these two photos you
can see a typical example of missing insulation
in a wall cavity. What this picture likely
demonstrates is that the insulation has
“settled” over time (i.., gravity has pulled the
insulation down the wall) leaving the upper
cavity empty, which the camera sees as dark
patches on the wall.

Internal Structure: In these photos we can see
a new well insulated wall, but because the
studs conduct heat differently than the
insulation they show up slightly darker;
however, this is normal.

Calibration
Status
Measurement
Settings

Leaking Windows (and Doors): In this photo
we can see the heating pattern that results
from hot air leaking out around a window; we
are seeing the results of a weakened window
seal on the exterior wall. On the interior we
would likely see cold air leaking in around the
‘window on the interior wall.

Image Capture
Options

Moisture Damage: Leaking pipes in between
walls and the resulting damage from moisture
build up is shown as dark splotches on warm
walls and can indicate a problem long before
there is visual signs of a problem. Note the
inconsistent patterns on the ceiling and walls,
which should look different from a case of
missing wall insulation.

Electrical Inspection: Another common use of
thermal cameras is to inspect electrical
equipment. In this image we can see that one
of the connections to the power transformers
is potentially damaged or degraded.

While this is a list of some of the common uses of thermal cameras, you should feel free to explore

I m a g e Ta ke C h a n g e other potential applications (e.g., cooking food) that might exist using your FLIR ONE camera.
Library Photo Palette

Hardware/Software How-to Thermporal Thermographic Inspection
Overview Guide Guide
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