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Chapter 1: Introduction

The growingdependency on fossil fuels has had detrimental effects on the global economy and
the efficiency of energy uskligh energy costs and the collapse of the economy demand an
increased awareness for energy conservation. On the island of Puerto Rico, tloe efieikeht
energy is magnified due to the reliance on foreign oil for the production of power. The island is
experiencing significant issues with energy consumption and efficiency and is in need of a

method to conserve energy.

This projectis sponsorethy the Puerto Rico Energy Affairs Administration (PREAAich

works in conjunctiorwith many government sectouch as the Environmental Protection

Agency (EPA) to address energy consumptidhe PREAA is responsible for administering
energy policy ad developing conservation strategies on the island. Some of the major services
of the Puerto Rico Energy Affairs Administration include: energy inspections of lighting systems
for governmental, industrial, and commercial facilities, technical advicesiodrses for
conservation and efficient energy use, distribution of energy related information through regular
publications, educational programs regarding energy efficient practices, and the promotion of
alternative energy projects (www.aae.gobierno.pt@. The PREAA is an important

organizatiorthattakes on many roles in supporting energy efficiency in Puerto Rico.

The Puerto Rico Energy Affairs Administrationagatedin the thriving city of San Juan, Puerto

Rico. San Juan is the largest manufdog and processing center on the isldretroleum and

sugar refineries ahg with cement, metahndpharmaceutical production sites are prevalent

within this areaThe metropolitan area of San Juaromprised ofhree regions: Old San Jyan

the beacland resort areagknown as the Condagand outlying communitiesncluding Rio

Piedras, Hato Rey and Sarce(www.topuertorico.org201Q. Within these regions, 1.22

million people inhabit San Juan, representing
(www.ithp.org 2008). With such a large population density, reductions in energy use on the
individual level couldyield substantial benefits towatowering residential energy consumption

for the entire city.
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The PREAA wants to understand current residéenergy use for lovincome residences in
metropolitan San Juan. This study will culminate in the development of energy efficiency
guidelines similar to the International Energy Conservation Code (IECC) for the entire island.
Our project will prove vitato both the Puerto Rico Energy Affairs Administration and the island
of Puerto Rico. The findings couttirectlyimpactt he wel f are of IfReoaaset o Ri ¢
the recent®aring energy costere causing economi@ardships for lv-income residents.
Anothercompounding issue for thpoject is the electricity generation and distribution
monopoly held by th@uerto Rico Electric Power Authority (PREPA), which owns a significant
majority of the energy generation plants on the istamé. Jimenez, pesonal communication,
Dec. 14, 2009 The underlying issue that will be addressed in this study is the lack of any
existing energy efficiency rating system for the island of Puerto Rico.

Currently, residential energy efficiency issues in Puerto Rico appstem from the overuse of

everyday household items, such as air conditioners, computers, and kitchen appliances. This

project will investigate alternative energies and conservation strategies that could decrease the
expenses associated with residergrargy in lowincome homes. Theecent advancements in

alternative residential energy forms and practices, such as solar power, wind power, and

fluorescent light bulbs, for example, can significantly improve energy efficienaypiject

will seek to recammend some of these viableovativetechniques for use iow-income

residencesEnergy conservation and efficiency projects are effective means of ensuring that
future popul ations are not negati v eecegsion mpact e

and our overconsumption of natural resources.

The goal of this project is to develop energy efficiency recommendations that will aid in the
development of a residential energy conservation code and home energy efficiency rating
systemObijectives thatwill be met to achieve this goal include: determining current energy use
in low-income Puerto Rican homes through research and interviews; formulating a set of
techniques for an energfficient low-income housing model; and developing a list ef itiost
effective recommendations for energy efficiency. dh&comef this project should be useful

for the Puerto Rico Energy Affairs Administration in developingeaergy conservation codie

enabldow-incomeresidenceso implement energy efficierieatures and practices.
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In the following chapters, we will evaluate pertinent literature and develop the methodology that
will be followed to achieve our goal. We will characterize the-ioeome residences of Puerto

Rico, develop a general understandofiglternative residential energy forms, identify similar

energy efficiency rating systems and case studies that may be applicable to this project, and
explore the contextual issues that arise from our problem. An understanding of these components
is essatial toward developing an effective methodology to analyze energy use in Puerto Rico

and accomplishing our outlined goal for the Puerto Rico Energy Affairs Administration.
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Chapter 2: Background & Literature Review

The island of Puerto Rico curréntacks any existing energy conservation code and rating
system. Due to this absence, the island experiences numerous economic hardships associated
with energy use and its dependence on imported foreign oil. The Puerto Rico Energy Affairs
Administration fas requested that our group analyze-iogome residential energy use and
develop a set of guidelines to aid in the development of a residential energy conservation code.
The scope of work for the project includes determining a baseline feintmwne regiential

energy conservation use and proposing practical solutions to enhance the energy efficiency of

housing units.

In order to effectively meet these objectives, it is important to develop a thorough understanding
of the topics that will be explored in our study. The reviewhefrelevantiterature presented in

this chapter aided our general understanding of thectaaistics of lonincome housing in

Puerto Rico, energy use and consumption patterns, the benefit of energy simulations, existing
energy conservation guidelines (i.e. energy codes, rating systems, and case studies), and the
feasibility of alternative engy and energy saving practices. The information pertaining to these
topics is critical toward assessing energy use in Puerto Rico and developing practical guidelines

to improve energy efficiency.

2.1 Low-Income Residences and Families in Puerto Rico

Whendefiningflow-income one must first lookatthe average annual income of the residents

in the regionFor the purpose of this study, we will be reviewing the average annual salary of
low-income citizens in the metropolitan area of San Juan, Puerto Riceincome residents in

Puerto Rico are considerembethose in the lower 50% of the population inconmeSan Juan,

the average annual income ranges from $4,850 to $9,150 in the lowest 30% of the population,
$8,100 to $15,250 in the categaynsiderediver y | ow i ncome, 06 and $12,
category | ab e inewhudideorgy2009Familynstzé is gnother important

aspect to take into account when reviewing-loneome homes and the annual salaries of those

residents.

9| Page



2.1.1 Demographics: Typical Low -Income Families

The average size of families in Puerto Rico has changed drasitictily lasfifty years.To
guote the International Federal Housing and Planning guidelines,

Ain 1940 Puerto Rico had a population of 1
average family consisted of 5.5 members and a population growth of 1.94.

In 2008, the islantias a population afearly 4 millionwith an average

family of 3.5 membersandapop at i on growth of O0.010 (www.
2008)

When lookingatthe data collected by the U.S. cenfosn 2009, the average income for a three
family home in the United Stias was $64,597. Comparatively, the average income for a three

family home in Puerto Rico wamly around $23,000nww.justice.gov, 2009).

Among the lowincome residents in metropolitan San Juan, most have jobs associated with the
tourismindustry. Saduanés tourism industry is massive di
visitors. 0T o aftheisland'spgGNB ahd emplsys mid¥e than 60,000 islanders, a
figurethda i s r api duww.ndtiongencgclmediancgny 20(0The tourism jobs that

these lowincome residents hold do not provide significant hourly wages; however, they do

provide a means of providing for oneés family

2.1.2 Definition of a Low -Income Residence in San Juan

For the purpose of this study, we will be evaluating-ioeonme single and mukiamily homes,

and small apartments including Section 8 housing units-iboameresidencesan prove to be

difficult to define. It is challenging to determine where to draw the line that defines a low

income home. In San Juan, Puertodiaffordablehousing is defined as housing units whose
salepricefalls n t he range between $80,2D@tisalsod $180, 0
important o understand that fAaffordabl e-infcomasi ngo m
housing. Simirly, Section 8 housing is definedtobe iaf f or dabl e housing c¢h
incomer e s i d allowirg failies to choose privatetywned r enthudgohousi ngo
2010) We address Section 8 housing units because several of them are locatedriouzidcthe

San Juan metropolitan area. L-avcome residences are located throughout the entire island of
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Puerto Rico; but, as stated previously, 31% o
Juan. Consequently, this investigation focuses solelhe lowincome residences of

metropolitan San Juan.

2.1.3 Problems Associated with Low -Income Residences

Puerto Rico is struggling through an economic receshitted to the increased price of energy

on the island. Although energy prices have risen, citizens are still using the same amount of

energy in their daily lives. In an interview with Jan Maduro, from the Puerto Rico Energy Affairs
Administration, we learnethat typical lowincome residences in Puerto Rico are equipped with
everyday electrical appliances. This includes, but is not limited to: laundry washers and dryers,
standard lighting devices, air conditioners, computers, televisions, and assorted kitchen

appliances (i.e. refrigerators and microwave ovens). Unlike the mainland of the US, these

devices do not always include heating devices and dishwashers. Due to the low fluctuating
temperatures in Puerto Ricobs ovbhshemsatee zone, h
considered a luxury to loimcome residents. One problem is the inefficient degree of energy
consumption in these leimcome residences. As the cost of energy increases due to the rising
price of foreign oi/l a n @ner@yuseurce, tvMnddmeciiZerss ard e p e n d

struggling to afford the cost of energy.

2.2 Energy Generation, Uses, and Simulations

Puerto Ricaelies almost completely on imported fuel for energy generation. It is also necessary
to understand how electricity is consumespecially within homeso that practical energy
conservation techniques can be put in pladecurate energy simulationseaa useful tool in
predicting energy consumption and the potential impact of energy efficiency strategies.
Undoubtedly, the development of energy simulations will be a key tool for the PREAA in an

effort to conserve energy in Puerto Rico.
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2.2.1 Dependency on Fossil Fuels

Puerto Rico, like most island nations, has a dependency on fossil fuels for the generation of

energy(Weissey 2004) Over the past decade, oil prices have spiked due tolglobtics and

increased demandhe variability é oil prices directly impactshe cost of energy to the

consumer on

fuels for energy genetiah and this makes energy prices on the island very expensive (Luis

s |

ands

i ke

Puerto

Ri ¢
Energy Affairs AdministrationFREAA), stated that Puerto Rico is 98% dependent on fossil

0.

Lui s

Jimenez, Personal communication, 200Bjere is also an economic risk associated with a high

dependency on fossil fuelas Daniel Weisser notes,

fia sharp increase in the price of odlncausesevere macroeconomic
consequencesé
services, and thereby causing unemploymg&monsistent means of affordable

energy production is a crucial ingredi¢atstimulate a growingconomyp

(Weisser, 2004)
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The cost of fossil fuel varies wildly with changes in market conditions. Energy production rates

from various generation sa@s can be seen belowTiable 1from the U.S. Energy Information

Administration

Tablel: Energy Production Rates from Various Generation Sources in §ll001)per Kilowatt hour (Source:
The U.S. Energy Information Administration, 2008)

Plant Type 2008 | 2007 | 2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 1999 | 1998 | 1997
Op eration
MR, oo comsmitomames . dwme 9.68 921 895 863 8.30 .86 8.54 830 343 895 9.98 10233
Fossil Steam ... 3.65 349 324 2.97 297 2.50 2.59 241 226 224 217 222
Hydroelectric! ............. 578 544 376 3.95 395 347 37 427 352 335 3.09 265
G as Tutbine and Small Scale 2.98 289 299 300 3.00 2.76 272 315 408 493 3.81 436
Maintenance
U B Al ot vt e e s 6.20 579 569 527 5.27 523 504 502 496 501 597 6.73
Fossil Steam ... 3.59 337 3.19 2.98 292 222 267 261 242 246 2.41 242
Hydroelectric! ................... 3.89 387 270 2.73 273 232 262 289 222 203 1.58 198
G as Tutbine and Small Scale® ... 2.72 242 2.16 189 1.89 22 238 333 326 478 3.42 333
Fuel
Nucleat............ 5.29 499 485 463 463 4.60 440 467 490 516 5.39 541
Fossil Steam ... 2843 2388 2309 2169 2149 1729 1609 18.15 17.73 15.50 15.86 16.73
Hvdxoeleclricl. = tE 55 AP B S 5P i e 25 o i
(as Turbine and Small Scale? . 6423 5875 5389 5552 5552 4380 3184 4355 4176 2795 2285 2471
Total

Nucloars: s A 2116 2000 19.49 18.53 18.53 18.69 18.18 1799 18.29 1912 2113 2296
Fossil Steam ... 3567 3074 2952 2764 2764 2251 2136 2317 2241 2020 2043 2138
Hydroelectic! .............. 9.67 932 6.46 6.68 668 579 633 7.16 574 538 467 464
G as Turbine and Small Scale® ... 69.93 6406 5904 6041 60.41 4391 3694 5003 4909 3766 3008 3241
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Changes in engy infrastructure are expensileng-term prgectsthatcan reduce costs the
consumer over the course of years or decades. Efforts to make changes in legislative policies
and efforts to conserve power can more rapidly reduce the financial burden on the consumer; a

notable reduction in cost can be saémost immediately in ektrical bills

2.2.2 Household Energy Use

Most household energy use is attributed to the heating and cooling of the interior of the house.
In Puerto Rico, we wilinvestigatehe cooling of interior spaces due to the tropical climate.
Almost 24% othome energy use in a tropical climate is credited to air conditioning
(www.energystar.gov, 2009)0f course, the energy efficiency of other household appliances is
an important factor in household energy consumption. Other appliances, such as reBjgerator
washing machines and @mg, computers, and televisica® the biggest consumers in a
household respectively; a refrigerator uses approximatehtifivesthe energy of a typical
television(Department of Energy, 2008). As a reference, an average imaihgeUnited State

uses 11,00&ilowatt hours (kWh) of energy per year at a rate@09 per kWh (Department of
Energy, 2008).We expect consumption to be lower in the resideticasare gaminel in

Puerto Ricalue tofamily size and household incomdowever, electricity in Puerto Rico
averages &18-0.20 per kWh(J. Maduro, Personal Communication, February 8, ph6aning
annual energy expenditures agdatively close in actual dollars to the average U.S. household
annualenergyexpenditureEnegy is usedor a multitude ofactivitiesin any given household.

In recent yearover-consumptiorof energyhas been addressed by many governmental and

environmental agencies.

Space Cooling

Because of Puerto Ricobds | ocation in the tropi
cooling,is common In San Juan, the use of air conditioners is widesfdkeddaduro, Personal
Communication, February 8, 2010Most waltmounted air condibners are designed to cool

single rooms. The energy required to cool a room depmntise square footagair

conditioners are manufactured over a range of power ratiaggsorrespond to different sized

rooms. ENERGY STARa sector of thé).S. Depatment of Energy, demonstrates the

correlation between square footage and power required for such an applitatentecognized
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as an ENERGY STARIr conditionerthe unitmust be 7%moreefficient than the average
(www.energystar.gov, 2009)Updating he efficiency of major household energy consumers,
such as an air conditioning unit, is a particularly viable means ofiregitotal household energy
use (sedable 3.

Table2: Square Footage and Required Air Conditiol@apacity (Source: Energystar.gov, 2009).

Area To Be Cooled (square feet) Capacity Needed (BTUs per hour)
100 to 150 5.000
150 to 250 6.000
250 to 300 7.000
300 to 350 8.000
350 to 400 9,000
400 to 450 10,000
450 to 550 12,000
550 to 700 14,000
700 to 1,000 18,000
1,000 to 1,200 21,000
1.200 to 1,400 23,000
1,400 to 1,500 24,000
1,500 to 2,000 30.000
2,000 to 2,500 34.000

3. Make any adjustments for the following circumstances:

* Ifthe room is heavily shaded, reduce capacity by 10 percent.

= Ifthe room is very sunny, increase capacity by 10 percent.

* If more than two people regularly occupy the room, add 600 BTUs for each additional person.
= Ifthe unitis used in a kitchen, increase capacity by 4,000 BTUs.

* Consider where you install the unit. If you are mounting an air conditioner near the corner of a room, look for a unit that can send the aiflow in
the right direction.

Cooling Efficiently

Similar to home heating in higher latitudes, there are many simple ways to increase cooling
efficiency in tropical locations. Simply cleaning the coils of a dirty air conditioner can greatly
improve its performance consequentially requiring less energy to effectively cool a room or

dwel | i ng. Il n sunny <c¢limates, window curtains
radiation from entering a homk. most homeshte s un o6 s r goddowde dirdennali s a m
warming.In addition,partitioning roomswith curtains lowers the temperaturecetftain, more

critical areas of a home without wasting energy cooling unused spaces. By using these simple
methods, the load placed on air conditionimits can be reduced, which in turn log#re total

energy onsumption (ENERGY STAR2009)

14| Page



Appliances

Air conditioners are not the only major source of energy use in homes. An average refrigerator
uses over 1,000 kWh of electricity in just one y&drile a computer consumes a little over 500
kWh in the same peyd (Department of Energy, 2008)nother large contributor to household
energy use is water heating. According to the U. S. Department of Enesgy%d df energy
consumed is due to water hews(www.energysavers.gov, 200Presently, solar water heaters

are fairly common and could be very practical for applications in Puerto Rico.

Lighting, anotheikey contributor to energy consumptj@ccounts fod 5% of electricity use

within an averagbéome(www.energysavers.gov, 2009). Fluorescent lighting has become very
popular as a simple way to reduce utility bills. Fluorescent bulbs u88%3ess electricity

than equivalent traditional incandescent bulbs and last ten times loggjgcingcosts in

multiple ways(www.energysavers.gov, 200®utting timers on lights ian effectiveway to

prevent oveconsumptionFurthermorestrategic placement of lighting fixtureienimproves

the efficiency of a home.
2.2.3 Energy Simulations

Energysimulations ar@iseful tools to analyze the influence a variety of variables hatteeon

energy consumption of a municipality, county, state, or region. Such variables include: weather,
climate, construction methods, dwelling characteristics, incomegeholgssize, and type and

number of appliances. There are a few different methods of creating energy simulations. The
At-dpwnod met hod forecast s e n escalpgampliogobresiaggnttali o n
regions as a whol apo I matethesk !l gx amihree §i beon & rogny
A e 7ud e(apgdliances, heaters, air conditioning, etc) and then anticipates the energy
consumption on a larger scdlased on collected data (Sw&argursal, 2009). With the use of

these two methods, chges in energy consumption from more efficient appliances, a heat wave,

or even unemployment ratesn be computed.
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Top-Down Method

Lukas Swan and Ismet Ugursal published a paper in 20B8newable and Sustainable Energy
Reviewswhich outlinesenergy consumption simulation in residential housing. They describe

the topdown approach,

fias an energy sink [that] does not distinguish energy consumption due to

individual enduses. Topdown models determine the effect on energy

consumption use to ongg longterm changes or transitisnvithin the

residential sectoiprimarily for the purpose of determining supply requirements.
Variables which are commonly used by-@vn models inelde macroeconomic
indicators (®P, employment rates, and pric®lices), climatic conditions,

housing construction/demolition rates, and estimates of appliance ownership and
number of unitsin he r esi dent &&dursad, @003 or . 0 ( Swan

The topdownmethodinputshistorical datanto its calculationgnd isvaluable for long term

forecasting. Energy companies are likely to use altiyn approach when setting energy prices

and determining energy distribution policies. One disadvantage to tdewopmethod is that it
does not accoun-ts émsddheréforedcannat ateata differéné sindilations to
emulatethe use of more efficre appliances in a home (Swanursal, 2009)Moreover
because this method is based upon historical

discontinuog advancesni t ec hnol oldgursal, J0@wa n &

Bottom -Up Method

As previously mentioned, the bottemp method projects energy consumption based upon energy

consumption data collected from private residences.

A [ B o4ug ndels] can account for the energy conswnpf individual end

uses, individual houses, or groups of houses and are then extrapolated to represent
the region or nation based on the representative weight of the modeled

sampl eé Common i njuunodetsantluae dwellingopmpettiesm

such @& geometry, envelope fabric, equipment and appliances, climate properties,
as well as indoor temperatures, ocaupaschedules and equipment w&wan

& Ugursal, 2009)

Within the realm of the bottorap energy simulations there are two-sabthodsthe

engineering method and the statistical method. The engineering method takes into account the
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power ratings of specific thome energy endses. One distinct advantage to the engineering
method is that it does not rely on any historical data; theratasevery adaptable to new

technologes For example, the engineering method could simulate the effectiveness of older
clothingdryers compared to more efficient ones (Swan & Ugursal 200@) statistical method

has the fdAabil ity cupantltkhasi@veichithe ergieeerand niethades of o ¢
not take into consideratiqi®wan &Ugursal, 2009 The engineering ethod assumes occupant
behavior to be a constant. The capabditgount foroccupantd8 b e hneadwebirg in an
energysimulationis quite useful. The stastical method, like the tedown method, allows
macroeconomic factors to affect the output of the simulation. After a large swing in the market,
such as the recent economic collapse, these factors are undoubtedly importamatelgccu

simulating energy consumption.

2.3  Existing Energy Conservation Guidelines

The understanding of existing energy codes and rating systems, such as those in the United
States and other regions of the globe, is relevant for our project in Puerto Rico. Our sponsor has
requested the creation of a set of recommended efficiency teekriltat could lead in the
development of an energy conservation code for the island, similar to the International Energy
Conservation Code (IECC). To create such guidelines, we will explore the features of the IECC,
along with other rating systems foumdthe United States, such as the Leadership in Energy and
Environmental Design (LEED) and Residential Energy Services Networks (RESNET) rating

systems.

2.3.1 International Energy Conservation Code

An understanding of the typical components found in an energy code can be obtained through
the investigation of the International Energy Conservation Code (IECC). The IECC is used in
many countries, such as the United States, Canada, Australia, andv@ima&iiergycodes.gov,
2010). The IECC sets a standard baseline for energy efficient construction practices and existing
home energy use. It is commonly used in conjunction with other building codes, such as the
International Residential Code (IRC). The teades differ in that the IECC pertains strictly to

energy use in both residential and commercial buildings; whereas, the IRC covers all building
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codes (i.e. plumbing and structural) for solely one and two family residences (US Department of
Energy, 2009)Energy requirements for residential buildings are similar in both codes. Chapter 4
of the I ECC, titled, fANResidenti al Energy Effi

An important feature of the IECC is that its guidelines are based uporctidimate regions.

The separation of the climate zones is critical when assessing energy use because regions require
certain energy use patterns depending upon their geographic location. Sections of the climate
specific requirements of the IECC invohegulations pertaining to foundations (basements and
slabs), above grade walls, skylights, windows, doorssr@wfd solar heat gain coefficients for

warm climates (US Department of Energy, 2009). Puerto Rico is located in Zone 1, which

includes Hawaii andegments of Florida (US Department of Energy, 2009).aftwementioned

solar heat gain coefficient (SHGC) is used to assessow thermal insulation in Puerto Rico as

well as in Florida, Texas, and regions of southern California (www.energycodes.f0y, 20

Additional home energy efficiency factors that the IECC code addresses are infiltration and air
leakage controls through the proper use of weathering and sealants (US Department of Energy,
2009). Our group will observe these methaitshe lack theref, in the lowincome Puerto

Ri can housing. | ncorporating suggestions from

Puerto Rico could greatly increase overall energy efficiency on the island

2.3.2 LEED Rating System

One of the predominaeheqgy efficiency measuremenis the continental United Statesthe

Leadership in Energy and Environmental Design (LEED) rating sySamilar to the

International Energy Conservation Code, the LEED rating system emphasizes sustainable
development and ergy efficient practices in a variety of new and existing buildi@ysated by

theUnited States Green Building Council (USGBEP009,the LEED rating systenstrives to
Aprovide an outline for measuring blusbdbding pe
(USGBC, 2009, p. 16heLEED system igrimariy used in assessing the energy efficiency of

new construction sites; howevéris applicable to our work in Puerto Rico to identify energy
savingtechniquesand improvementthat could be made to exisg low-income housing units.

In Green Building and LEED Core Concepts Gulitihee United States Green Building Council

emphasizes six major categories that are asse
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sites, water efficiency, energy and atmosphere, materials and resources, indoor environmental
guality, and innovat i onTheareadfenteiess formur tudpsvilibeE, 2 0
the LEED energy assessment criteria.

Sustainable residencrodelsand energy efficiencgracticesare demonstrated throughout the

work of the USGBC and the LEED rating system. In reference to the capabilities of energy

efficient buildingst he USGBC states that the fifocus on g
can damatically reduce costs for both commercial and residential owners, and the savings
continue to grow throughout the | ifetime of t
green building and energy efficiency techniquesrapgessive In a 2008 stvey conducted by

the United States General Services Administration on twelve green buildings, the savings and
improvements consisted of 13% lower maintenance costs and 26% less energy use in these green
buildings when compared to conventional buildingS@BC, 2009)In terms of meeting LEED
standards, the United States Green Building Council identifies that energy retrofitting,

particularly in lowcost residences, is more affordable than new construction (USGBC, 2009).

While low-incomeresidencesf Puerb may not have the resources to achieve LEED Gold

certification, it is probable th&ven smallmprovements and reductions in energy use, such as a
decrease in air conditioning use anckeduction irthe use of incandescent light bulbs, will

contributemeaningful savings to the residents of the housing units over time.

The methods used by the United States Green Building Council in assessing residential energy
usage through the LEED guidelines will gaimur teamin evaluating the energy usage of low
income Puerto Rican residences. The four techniques th&réesn Building and LEED Core
Concepts Guida@entifies to reduce overall energy usage include decreasing energy demand,
improving energy efficiency, seeking alternative energy forms, and contimptsvements
regarding ongoing energy performance (USGBC, 2008.recommendations by the USGBC
applicable tahis investigationnclude: insulating the building to resist cooling losses, making

use of shaded areas for cooling, establishing energy penme targets for the community and
individual residences, and incorporating feedback systems for energy monitoring that will
motivate residentsnww.usgbc.org, 2010). Strategies for maintaining energy efficiency involve

conducting preventative maintenaraestructural and electrical features, educational programs
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for the community, and the creation of incentives and motivation for residents (USGBC, 2009).

These techniques are all viable alternatives that will be investigated in our study in Puerto Rico.

Incorporatingooth technical guidelines and enhanced community awarghedsEED rating

system is a dynamic approach towards energy efficiency. In regards to feedback systems, this
technique has proved to be very effective. In a study by Clive Seligntbdothin M. Darley,

titled, Feedback as a Means of Decreasing Residential Energy Consunipivas found that in

a comparison of a group of people who were informed that they would receive feedback
regarding their residential energy consumption to a gobyeople who did not receive

feedback, the feedback group consume&%ess electricity (Seligman abérley, 1977).

This is a interesting approach toward implementing energy efficiency practicagover it is
attractive for application in Puertad® because it focuses on stimulating community
involvement in achieving energy efficiency goals. Rather than focusing strictly on creating a set
of technical guidelines for residents to follow in Puerto Rico, it would also be effective toward
investigatig approaches, such as feedback loops, that will increase the Puerto Rican

communitiesd6 awareness of their energy usage.

2.3.3 RESNET Home Energy Rating System (HERS)

The Residential Energy Services Network (RESNET) is a nonprofit organitilasitaims to
ensuramprovements on energy efficiency in new buildingembers of RESNET create

national standards for energy efficiency rating systems. These standards are recognized by the
United States mortgage industry and federal government (natresn2@b@). RESNET energy
efficiency guidelines are applicable to numerous areas around the United \Staiees.

importantly, it is applicable in the stateFlbrida, which, as previously discussed, has a similar

climate zone and energy requirements as PERido.

RESNET incorporates the usage of a unique residential energy measurement technique called the
Home Energy Rating System (HERS) Index. This energy efficiency measurement consists of a
numbered index scale that evaluates the energy use of a hoegpidal HERS Index that is

used by RESNET is shown belowkigure 1 A score of 100 represents the energy use of a

standard new home in the United States, as id
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The score of 0 means that the residencs doérequire any purchased energy for operation. For
our project in Puerto Ricehefocusis to provide energy efficiency recommendatisonghat the
average Puerto Ricdlome® H E R S will falldnere toward the lower region of the scale. In
additionto providing the index score for energy usage, the RESNET HERS also produces rater

recommendations for caesffective improvements to the buildings.

HERS® Index

= More Energy
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Homes

120
110
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40
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Zero Energy | !
Home 0

@ Less Energy

Figurel: RESNET HERS In{feaurcenatresnet.org, 2010).

The Home Energy Rating System Index is calculated using advanced energy simulation
modeling. The modeling techniques employed by this rating system may be useful to the
PREAA in creating similar simulations in Puerto Rico. The HERS models the energyofisage
proposed or existing buildings using accredited building simulation software, where inputs, such
as number of lighting fixtures and number of ENERGY STAR appliances, are entered. The
results from the simulations are then transformed into a ratio wheenergy requirements of

the tested building are divided by the energy usage of the standard American home and
multiplied by 100 (natresnet.org, 2010). This energy percentage is used as the score shown on
the HERS Index.
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Development of the energy standaused in the RESNET HERS is a continuous process. The
exploration of the development of these standards is necessary in order to understand how Puerto
Rico may begin to develop energy guidelines for its-iogome residents. RESNET accepts

proposals fonew or revised standards from any interested parties. These modifications or
additions are then reviewed by RESNETG6s Stand
online for public comment for a minimum of thirty days. The public comments are reviewed by

the Standing Committee and sent to the RESNET Board of Directors for a vote. If passed

through the Board of Directors, the proposals are sent to the RESNET Standards Revision
Committee for approval or denial (natresnet.org, 2010). The success of the pgogiiamgly

attributed to community involvement and awareness. In the 2009 RESNET Annual Report, it

was stated that membership of RESNET is steadily increasing where the program currently
consists of approximately 1,800 membéath professionals and plib citizens (Residential

Energy Services Network, 2010).

The Puerto Rico Residential Energy Affairs Administraiimticatedthat understanding the

RESNET HERS Index irequired background for thmoject. Our group will incorporate

RESNETOs gegaidelings and pracess for developing energy standards into our project

in Puerto Rico. Thieffortmay enhance the PREAAG6s understandi

development of such energy rating systems in Puerto Rico.

2.4 Energy Saving Alternatives and Practices

This section outlines the capability of alternative energy in Puerto &icetermined by the
PREAA, energy efficiency programs in similar climate zorsessting case studieand
incentive programs and governmargupport in Puerto Rico.

2.4.1 Capability of Alternative Energy in Puerto Rico

I n 2008, the Puerto Rico Energy Affairs Admin
Energy Targets Achievable for Puerto Ricods R
inthelitr at ure, a renewabl e en designgdtqprcreasdtimséofo st an

renewable energy for electricity production by requiring that a spegészkentage of the
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electricity for the state be generated from renewable saurcgs P RZB@8A This report

compares renewable energy sources such as biomass, ocean and solar thermal, wind energy, and
micro hydro based on three criteria: footprint estimate, capital cost estimate, and electric energy
production estimate. Furthermore, it acknesdes the difficulty in comparing various sources
because their rating systems are incompatible. The study does not cover energy conservation or
efficiency (PREAA, 2008).

The studyodés results outline the advempotges an
suggests that photovoltaic (solar) energy is the most effective and least intrusive energy source

for Puerto Rico. In fact, photovoltaic roofs on 65% of the residences could provide all of the

electrical energy generated on the island. Des$pisampressive statistic, this technology is very

expensive and not always a viable option for-loeome residences.

2.4.2 Energy Efficiency Programs in Puerto Rico

Although there are no guidelines for energy conservation iidfoeme housing in PueriRico,

the PREAA developed a set of guidelines for government agencies in 2009. These guidelines

were developed by use of energy auditing, and although not all of the goals of this study are the
same, many of the principles driving the government stuelpartinent. Both our focus and the
government document stress energy efficient appliances and energy use awareness. The
introduction ofGuidelines on Energy Conservation Measures in Governngendesstates:

AThe benefit of i nthaeteetinvastoeniisrecoveredandgurpasseeltheé s | s
short to medium term (Guidelines, 2009). These principles carry over directly to our study as we
hope to recommend strategies to reduce theemy electric costs for the Ieimcome residents

(PREA, 200).

In October of 2009, the American Reinvestment and Recovery Act (ARRA) gave the Puerto

Rico Energy Affairs Administration $9,593,500 to fund alternative energy and energy

conservation projects. This funding was given to Puerto Rico under the Enaoigreff and
Conservation Block Grant (EECBG). TlkedueeECBGOG s
the emissions of fossil fuels in an environmentally and economically friendly manner, increase

energy efficiency, and reduce the required energyrudéferent establishments. In particular,
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projects funded by this grant are asked to focus primarily on energy efficiency and conservation

(Financial Assistance Funding Opportunity Announcement, 2009).

Using funds from the ARRA, the PREAA in conjunctiith the Puerto Rican Infrastructure
Financing Authority (AFI) developed a rebate program for energy efficiency updates-in non
profit, government, and commercial organizations. These entities are asked to apply using the
designated paperwork along with jcted costs for material and installation costs for these
updates. To receive the rebate, the updates must be completed within six months or being
accepted and a professional energy audit must be performed on the building. Although the
organizations wilfeceive a rebate covering the costs necessary to complete this project, they
will become exempt from other tax credits and incentive programs that may be applicable
(Building Energy Efficiency Retrofit Program, 2010).

Throughout the world, and particukaih Puerto Rico, ENERGY STAR product incentives have
become a popular technique to promote energy conservation in residences. The ENERGY STAR
program works in conjunction with the Environmental Protection Agency (EPA) and Department
of Energy (DOE) to radce the residential energy costs with more efficient appliances as well as
guidelines to a more energy efficient lifestyle. These applications are rated based on standards
set by both the EPA and the DOE (energystar.gov, 2010). Using funds given toitibiy tieom

the ARRA, the PREAA is in the process of developing a plan to provide rebates to residents who
purchase ENERGY STAR rated products (Guidance to Dealers and Suppliers of Goods on
ENERGY STAR Program Rebate, 2010).

Additionally, Puerto Rico padipates in the Weatherization Assistance Program (WAP), which
is a voluntary program that works toward reducing energy consumption in homes by making
them more energy efficient. In particular, Puerto Rico is currently taking part in an air
conditioning asistance program funded by the WAP. This program states that the PREAA will
fund the installation of air conditioners in eligible kimcome housing. However, it will not

cover the additional energy costs to the residences that an air conditioner éresittar(ce
Program the Air in Puerto Rico, 2010).
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2.4.3 Energy Efficiency Programs in the United States and Similar Locations

The energy conservation and efficiency programs in Florida, a state that is partly in the same
climate zone (Zone 1, as outlinedthe IECC), were investigated in this review. It was noted

that very little of the funding from the WAP went toward making improvements in residences to
make them more energy efficient. The only program noted in this study is the Weather Care
program fran the Tampa Electric Company that offers free home improvements to weatherize
home for seniors 60 years or older and of a fixed income. All other programs focus on helping
low-income families pay their existing energy bilisY(2009/2010 Lowincome Energy
Programs2010).

Guam, another U.S. territory within the same climate zone as Puerto Rico, was also examined for
this literature review. Guam shares many similar qualities with Puerto Rico such as its climate,

large dependency on fossil fuels (Camach®@92@&nd its recent involvement with the WAP

(DOE, 2009). One promising program Guambdébs Ene
Lighting Audit. This program allows individual residences, as well as businesses, to apply to the
energy department to receivéree audit performed by the energy department to determine the

current power usage and energy consumption. Not only does the audit provide these figures, but

it also provides energy conservation recommendations (Energy Lightning Audit, 2010).

2.4.4 Energy Conservation Case Studies

As energy conservation and efficiency concerns continue to grow, there exist numerous case
studies conducted around the world regarding these prevalent issues. Reviewing these case
studies, particularly those regarding resicirgnergy and similar climate regions as Puerto

Rico, has yieldedelevantenergy efficiency guidelines fdne development of this project.

Bermuda is an island nation that possesses geographic and energy characteristics similar to
Puerto Rico. Moreovethe residents of Bermuda are also experiencing hardships due to reliance
on imported oil as the major means of electricity generation. In a 2009 report:tidegly

Green Paper: A National Policy Consultation on Enertinge Department of Energy of Beuda

investigated the energy sources on the island and potential alternative means that could aid in
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solving the energy efficiency issues. The study found that the major sources of residential energy
on the island were air conditioning systems and lighpirglucts (Bermuda Department of

Energy, 2009)Judging from preliminary dataom the Puerto Rican Energy Affairs

Administration, it is evident that the sources of energy use in Puerto Rico parallel those of

Bermuda residents.

The Bermuda studigentified an array of viable options to increase energy efficiency in

Bermuda. One of the major solutions to the energy issues on the island proposed was the further
investment in alternative energy sources, such as wind, solar, and hydropower. Arextiper en
efficiency solution that the study discussed involved the potential passing of a Customs Tariff,
whi c h regulate themportation of key energy consuming technologies such as air
conditioning systems, lightingroducts, other electronic appliascandv e hi cl es o ( Ber mu
Department of Energy, 2009, p. 4). A third strategy identified was the electrical companies
incorporating a time of usage policy whereby specific appliances, such as air conditioners, were
only allowed to be run for certain timeriitations (Bermuda Department of Energy, 2009). A

major emphasis of this strategy involved promoting the use of air conditioners duripgadon

hours to effectively distribute the energy load. The energy conservation techniques identified in
the Bermudarergy report are applicable to the guidelines that our group will establish for the

low-income residences in Puerto Rico.

As demonstrated by the Bermuda energy report along with numerous other case studies, there is
significant potential for energy comwation on islands such as Puerto Rico. Some of the major
conservation strategies pertaining to residential energy that have been identified in supporting
literature include: investing in alternative sources such as wind, reducing the use of household
apdiances and air conditioning systems, and analyzing the insulation properties of new and
existing residences. A case study conducted by Amporn Kunchornat, Pichai Namprakai, and
Peter T. du Pont, titled;he Impacts of Climate Zones on the Energy Perforsmah&xisting

Thai Buildings examines the effect of various climate zones on the energy requirements of
building and residences in Thailand. Thailand has a warm, tropical climate zone with similar
energy sources as Puerto Rico. A pertinent point takemthis study is that in hot and humid

countries, such as Thailand and Puerto Rico, cooling demand through the use of fans and air
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conditioners account for 580% of the total energy consumption in a building (Kunchornat,
Namprakai, and Pont, 2009). The dder the significant degree of air coolant systems is due to

heat gain through the building envelope, referred to as the overall heat transfer value (OTTV).
This measure is a function of a number of wvar
buil ding orientation, and size and shape of t
2009). In the similarly warm climate of Puerto Rico, it is useful to investigate the building

envelopes of the lowncome residences and analyze their contributbahérmal heat storage

and air conditioning requirements.

2.5 Summary

This literature review explores numerous togestaining to ouresidentialenergy project in
Puerto Ricoln order to devise valuable energfficiencyrecommendations, is important to
understand the definition of a Puerto Rican-ia@omehousing unit and be familiar with the
economic status of the residents living there. An understandiglgaificity generation and
usage in Puerto Riawithin individual households necessary, particularly when dealing with
the broad topic of energy consumptidnreview oftheliterature alsaevealsa comprehensive
source of energy conservation strategies and energy simulatfestudy ofexisting energy
codespuilding codesenergy efficiency efforts in similar climate regions, and governmental
energy initiative programgrovide insight into the potential energy efficiency techniques that
could be used in Puerto Ricbhe research efforts pertaining to these topics aid in the

development of our methodology and completioowf objectives.
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Chapter 3: Methodology

The goal of this project is to develop energy efficiency recommendati@d in the creation of

a residential energy conservation code and home efficiency satstgm for Puerto Rico.

Specific objectives of our project include determining current energy use-iméamwe Puerto

Rican homes, formulating an energfficient low-income housing model, antveloping a list

of practical suggestions pertaining to altgive energy forms and techniquehislprocess will

include surveys, interviews, audits, and energy use data collection, which are specifically
designed to complete each of the identified objectives. The methodology process is presented in
Figure 2 Notice the overall goal of the project is outlined in red follomgddrresponding

objectives and methods.

Develop energy efficiency guidelines for lemscome homes

Determine current energy use

Energy audits and direct observations Residential surveys

A 4

Formulate an energy efficient model

Analysis of survey and audi Onsite research and culmination Recommendation for future
results of energy conservation strategies energy simulations

Present final recommendations to the PREAA

Identification of the top five most effective Final deliverable given to the PREAA in a
energy efficiency techniques report and presentation

Figure2: Flow Chart of Methods Process
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3.1 Determination of Current Energy Use

The first objective of our project is to determthe current energy use lofw-income residences

in metropolitan San Juan. This phase of our project provides a means to evaluate the existing
state of residential energy consumption in the-iloegome sects of the ishnd The process for
determining the energy use involyesrformingenergyassessmentsr these areahrough field

visits andsurveying theesidentf these lowincomehousing units.

3.1.1 Energy Audits and Direct Observations

To determine existingnergyuse in the lowincome housing cfan Juamna general
understanding of the energy consumption features of these residences is rédaiiketirough
energy audits are an economical, tigfecient and effective means of gatherihgstdataThis
process is observational and will entail field visits to the-lo@ome housing unitsioting
important energy characteristidhese audits will be performed in groups of two project team
membersaccompanied bgovernment provided suppaaff. The audits include a determination
of recent home updates through surveys of homeowners and landlords, as well as walk through
observations. btable characteristiggertinent to the audinclude the types of building materials
used, the usand condion of insulation, the number of significant appliances (air conditioners,
computers, etc.gppliance maintenancghades or pdtions, thermostat settingand the
numberof existing energy efficiency devices (i.e. fluorescent light batibs ENERGYSAR
appliances A comparison of the notes from cauditsto those energy efficient practices
identified in existing literature, presented in Chapter 2, will provide an understanding of the
specific energy efficiencgroblemsfacing the resident§ he audiresults will be recorded as
they are performed. They witemizepotential areas for energy efficiency improvemeResfer

to Appendix Ato view the audit form.

3.1.2 Residential Energy Surveys

During the auditing process, a brief survey will be handehe homeowner in order generate
a general demographic profile of the population, assess trends in their current energy usage
techniques, and develop an understanding as to their awareness for energy conservation

practicesSurveying lowincome resientsprovidesi nsi ght t o t he reeeggy dent s
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conservation methods and thaacess t@nergy efficiencyproductsln order to accommodate
for any language barriers, it is necessary that the subgaystten in both English and Spanish.
The surveys will be distributed tbe residences where we will perform audits (as specified by
the PREAA) and will consist of one survey per housel®éder to Appendix B to view the

survey form.

3.1.3 Usage of Dataand Analysis

Organization of thelata from the energy audits and surveys bellaccomplished by grouping

the data according twousehold occupancin analyzing thdield data, our group wilinvestigate
overall trends andevelop a general representatiof energy use for tHew-incomepopulation

of San Juanit is understood that energy usage varies between residences; however, the
collection of data from a large sample will help to ensure an accurate model for the typical
energy usage of the leimcome population. Using the data from the surveys and audits, our
group will establish an energy use model that lists common sources of energy consumption and

the extent of energy usage in the {owome residences.

3.2 Formulati on of an Energy Efficient Model

The energ¥efficiency of any dwelling is degndent on a number of variables that
includeconstructiormaterials and methods, behavior of the inhabitants, usledfical
appliancesand economic circumstancedsing the existing energgonsumption trends found in

the surveys and audits along with-site research, an energy efficiemogdelwill be developed

The model will consist of information outlining recommended energy conservation strategies for
the lowrincome residences in PueRico. This information will be suitable for a pamphlet that
may be produced and distributed by the PREAA.

3.2.1 Analyzing and Interpreting Survey and Audit Results

After visiting a number of homes and collexj data though energy audits and residemveys
the goal is to findrends in the dat&®ur group willlook for a relationship between household
characteristicand energyisagewithin the lowincome residences. Sucharacteristics may

include, but are not limited to: the number of peoplediegiin the home, number/type of
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appliances, lighting fixtures, employment houiscanditioner status (numberpntrol settings

and maintenance) and any energy efficiency strategies that may already be in place. The data will
be input into agreadsheteand organized by household occuparidyroughexamination of the
datawill provide insight regardinghe current energy use in a lemcome home.

Successful implementations of efficiency strategies are strongly dependestdemiawareness

of conservatome asur es. One i mportant aspect is the r
to energy efficient appliancegrom the initial survey, we wilinderstand e si dent s6 know
of and willingness to adopt conservation techniqlibs.analysis of thelata collected from the

survey will determine wherine PREAA must focus its attentiowhether it is simply to

promote awareness of efficiency strategies or to sponsor incentives to encourage the use of more

efficient appliances.
3.2.2 Culminating Energy Efficiency Strategies

Formulation of the energy efficiency strategies for the energy model for Puerto Rico will be
based upon the analysis of existing energy consumption asiearesearch. Once the trends in

the current energy consumgptiare established, our group will seek additional information
regarding energy conservation within the offices of the PREAA. In speaking with our sponsor, it
is evident that this osite research at the PREAA will be beneficial to developing the most
effedive energy conservation guidelines. The background research provided within Chapter 2 of
our proposal documents oawarenessf related energy conservation techniques; however,
further research conducted at the PREAA may further enhance our know!esigr gf

conservation practices available in Puerto Rikscumulatingthe background information

within this proposal, the field work results, and thesde research will allow for the

development of an energy efficient model. As previously mentionedptbdel will consist of
information outlining practical energy conservation techniques that could be employed in the
low-income residences of Puerto Rico. The distribution of this information to the public could be

accomplished through the creation of ayphlet by the PREAA.
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3.2.3 Recommendations for Future Energy Simulations

Ourteamwasasked to create a foundation for energy simulatibaghe PREAA would like to
develop in the futuradith knowledge of the current energy use and potential energy
conservation techniques, our group will be able to provide the PREAA with a recommendation
for the creation of an energy efficient model. At this point inresearch, a bottomp energy
simulation seems to be the most feasible and practical for appticatSan Juan. This kind of
simulation ussthe basic characteristics of a household as infiutgen output extrapolated

results representativad residential energy use in specified regions. Our group will not be
designing the energy simulation;vmever, we will be providing useful information regarding

current energy use and potential energy strategies for which this model could be based upon.

3.3 Presentation of Final Suggestions for the PREAA

Once our group completes the aforementioned steps of the methodology, we will formulate a
final listing of key recommendations to present to the PREAA. This listing will include the top
five most effective techniquebkatlow-income residents camplementto conserve energy

within their housing unitsThrough the identification of these top energy efficiency guidelines

we will take into careful consideration the current problems associated with the existing energy
consumption, as identified in the eneagydits and energy use surveys. Many of the energy
efficiency recommendations presented in the energy efficient model may be incorporated into
this final list. Using the data collected and analyzed, our group will develop this final listing of
recommendatias forpotentialPREAA guidelinsin developing a residential energy

conservation code and rating system.

The final deliverables consist of a final report and presentation to the PREAA. The material
within the report will include survey and audit resuétsnodel for current energy use in the {ow
income residences of San Juan, a model for an energy efficient home, and a final listing of the
most critical residential energy efficiency recommendations for Puerto Rico. These final

products will be the direcesult of the methods outlined within this chapter.
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Chapter 4: Conclusion

Due to the expenses associated with fossil fuel electricity generation, it is important that
residents of Puerto Rico are aware of methods that can increase the energy \etiidieeic

homes. There are many simple techniques that can reduce residential energy consumption. The
methods outlined ihapter 3will identify how energy is used within lotmcome homes and

allow us to develop the steps that can be taken to reduedlaops energy use.

The background information obtained from our literature review provides insight into the
technical and social aspects pertaining to our project. Topics of interest within the literature
review included: the characteristics of kimcome housing and residents in San Juan, energy use
and consumption, related energy simulations, existing energy conservation guidelines, and the
capability of alternative energy and energy saving practices in Puerto Rico. Due to potential
language barriersd invasion of privacy concerns, methods were developed with care to ensure
that they would effectively complete our objectives while protecting the rights of the Puerto
Rican residents. Key components of our methodological procedure consist of perfenerigg
audits and energy use surveys to determine current energy use, formulating an energy efficient

model, and developing the most effective recommendations for residential energy efficiency.

This project has significance to each member of our teamelhas the PREAA and residents of

Puerto Rico. We feel that each of us benefits from this project through the experience of working
outside the classroom on a fhe RREAAORChievéiso pr obl
goalof addressingnergy iciency in low-income residences, we will gain valuable experience
working within a professional organization. If our recommendations are adopted, residents may
save money on their electric bills. Meanwhile, the PREA&Y furthertheir progress toward the

goalof reducing energy consumption in Puerto Rico. The seven weeks of research and
methodology development have thoroughly prepared us for the implementation of our project.
Discussions vth both Jan Maduro, our liaisdrom the PREAA, and Alexis Miranda, the project
engineer from the PREAA, have solidified our confidence, as well as stimulated our excitement,

in travelling to Puerto Rico to complete this project.
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Appendix A: Energy Audit Form

Energy Audit
General:
Names of persons performing audit:
Date: Time:

Current Energy Saving Procedures: (Ex: Home renovations, use of ENERGYSTAR appliances)

Current Conservation Techniques Implemented: (Ex: Running air conditioners only at certain
times, air drying clothing)

Household information

Household size:

Daily Occupancy Profile:
100%

0%
12 AM 6 AM 12 PM 6 PM 12 AM

100

0%

Sunday Monday Tuesday Wednesday Thursday FriGaturday
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Building Information

Address:

Owner: Private Landlord

If landlord, please include name of contact

Residence size (in square feet):

Date of construction:

Last building update occurred (Please circle the correct time range):

>5 years ago 5-10 years ago 10+ years ago

Please provide specific renovation dates if known:

What types of restorations/renovations have been done on building?

Type of residence:

How many floors if a house:

Foundatiormaterial:

Building material:

Number of Entrances:

Number of Windows:

Basement: Y /N

Attic: Y/ N

Condition of insulatioraroundwindows: Good  Fair
Condition of insulation around foundation: Goodrair

Condition of insulation of water heater: Good Fair

Cooling

Is there air conditioning? Y / N

What type of air conditioning in rekence? Central AC

Needs ImprovementUninsulated
Needs ImprovementUninsulated

Needs ImprovementUninsulated

Window Units None
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If window units, how many units, what thermostat setting are they set at, and where are they
located?

Unit # Thermostat Setting Location

If central air, are there different air conditioning settings for each room? Floor? Explain,

Number of fans:

Notes (types, location)

Lighting:

Numberof fixtures:

Numberof Incandescentght bulbs

Comments: (Ex: Timers, switches, motsensork

Laundry
Washer: Y / N / Energystar

Dryer: Y / N / Energystar
Kitchen

Refrigerator: Y / N / Energystar
Oven: Y / N/ Energystar

Coffee Maker: Y / N / Energystar
Microwave: Y / N / Eergystar
Toaster oven: Y / N / Energystar

Other appliances (Please specify):

Other:

Numberof televisions:

Numberof computers:

Otherobservations:
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Appendix B: Energy Use Survey

Please mark the appropriate answer:
1. How many people live in your residence?

O 42

3-4
5-6
7+

@ e e

How many of those people are employed?
0

2.
P
o
o
C o4
e 5+
3. In what industries do the people in your residence work?
& Unemployed
o Service Industry
[ .

Tourism
e Other:
4. What hours do the people in your residence work?
o 6am-12pm
o

12pm-6pm
o

6pm-12am
e 12am-6am

Page 10of4
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5. On average how many hours a week do the people in your residence work? Please indicate the

number of people who fit into each category
“ 010

o 10-20
o 20-30
© 30-40

Household Energy Use

6. How many air conditioners do you have?
o I do not have one

o 1

o

“ 3

o 4

~

5+

7. How many hours is your air conditioner turned on each day?
C Not Applicable

o Less than 2

© 2-6

o 7-12

1+

8. When is your air conditioner usually turned on?
" NA
3 6am-12pm
-
12pm-6pm
-
6pm-12am
B .
All the time

Page 2 of 4
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9. What temperature is your air conditioner usually set to?

o
o
o

RES

RIS B

T Y Y DR

13

p
-
-
-

Very Cold (less than 67°F / 19°C)
Cold (67-70°F / 19-21°C)
Mild (above 70°F / 21°C)

. Do you have a clothes washing machine?

Yes

No

. Do you have a clothes drying machine?

Yes

No

. How many loads of laundry do you machine wash a week?

N/A
1
2
3
4

5+

. How many refrigerators for you have?
0
1
2

3+

Page 3 of 4
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