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ARSTRACT

This paper discusses the results of energy retrofits on existing
buildings owned by non-profit agencies. These building are
participants in the Neighborhood Non-Prafit Energy Program (NNEP) in
Chicago which is administered by the Center for Neighborhood
Technology (CNT). The NNFEP program has provided technical and
financial assistance to over 160 existing bunildings owned by
neighharhood-hased non-prafit community organizations. The buildings
cover a broad range of construction details, flaor areas, usage, and
HVAC system types. However, they are representative of many older
commercial and institntional buildings faund in urban areas such as
the City of Chicago.

This paper demonstrates that significant energy savings, particularly
in natural gas consumption, can be realized in these types of
buildings. Far the first 48 retrofits to be completed and monitored
in the NNFP program actual reduction in annual natural gas usage
averaged 23%. The program-wide simple payback is ahout 9 years.

The results indicate the necessity of sound energy management and
equipment maintenance practices and monitoring of building conditions
and utility bills ta insure a successful retrafit. Finally,
improvements to the NNEP pragram and the potential for further savings
are discussed.
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PROGRAM DESCRTPTTON

The buildings examined in this paper are participants in the
Neighborhond Non-Profit Fnergy Program (NNFP). This program was
initiated in the spring of 1982, funded by $4.7 million in grant money
and $2.9 million in loan money. The program is targeted at buildings
owned by non-profit community based social service agencies in the
Chicago metropolitan area. The major intent of the program is to
alleviate the impact of rising energy costs that threaten the growth
of new programs, and in some cases, the very existence of non-profit
neighborhood organizations and social service agencies. Through the
end of 1987 the program has provided assistance to over 160 buildings
owned by more than 120 neighborhood based non-profit community
organizations.

Fach participating agency receives a complete package of
technical services, as well as financing for recommended conservation
measures. The technical service package includes a comprehensive
energy audit, preparation of bid specifications for recommended
measures, management of a competitive bidding process, facilitation of
contract document signing between agency and -contractor, contractor
payout inspections, agency staff energy management training and
performance monitoring of completed retrofits.

The financing consists of a grant for one-half the total retrofit
and construction management fee costs. The other half of these costs
is financed through a five year loan at 0% interest. Program funders
underwrite the interest on the loan and also pay 90% of the technical
service costs. Fach recommended retrofit package is designed to have
a simple payback of no more than 10 years. Thus, the payback on the
loaned amonunt is no more than 5 years. The intent is to offset an
agency's annunal debt service with annual energy savings and ideally
create a positive cash flow for each year of the loan agreement.

DESCRTPTTON OF BUTLDINGS RETROFTTTED

Tn general, the buildings owned by the agencies participating in
the NNEP program are buildings which were originally designed for
other uses such as light industrial. Many of the buildings are older
with HVAC systems that are not well suited to the current building
use. Typical use of buildings currently in the program inclnde YMCA's
and Boy's C(Clubs, day care and health care centers, homeless shelters,
sheltered workshops, and various other social and cultural centers.
Many of the older buildings contain steam heating systems. Hot water
and forced air systems are also common.
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Another problem related to the age of the buildings and financial
priorities of the agencies is a history of incomplete or deferred

maintenance. The typical agency has a small maintenance budget and a
maintenance staff with custodial skills rather than those of bunilding
operators. Mechanical equipment tends to be poorly maintained,
nearing the end of its nseful life, or inefficiently operating. Tn
addition , the maintenance staff usually does not have keen energy

conservation awarenes or knowledge of how to nse sophisticated energy
management control systems.

Over 95% of the buildings in the program use natural gas as fuel
for space heating, while the remaining 5% use oil or electricity.
Only those buildings which use natural gas as fuel for space heating
are analyzed in this paper. At the time of the initial planning phase
of the program in 1981, electricity costs were considerably lower than
they are today. Farly clients typically spent less than 20% of their

energy bhudget on electricity. Therefore, the early stages of the
program emphasized natural gas conservation. The most frequently
recommended energy conservation measures (ECM's) were ceiling
insnlation, storm windows, heating plant repair or replacement,
temperature controls, distribution system balancing, and replacement
fluorescent lighting. This paper presents actual measured savings of

the first 48 retrofits completed under this program and focuses on
natural gas conservation.

TFECHNTCAT, SERVICES

Audit Report

A comprehensive energy audit report 1is the first deliverable
product which a participating agency receives. The audit report is
the resnlt of extensive field work at the bnilding site, interviews
with agency staff, and comprehensive engineering analysis. Field work
inclndes measuring steady-state efficiency of the heating plant, space

temperatures, and lighting illuminance levels. The audit report
includes a description of the building envelope, HVAC and electrical
systems, energy consumption projections, and cost and savings

estimates for implementation of varions ECM's. A final ECM package is
recommended which is the most cost effective and addresses the
critical needs of the building.
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Construction Phase

Following agency approval of the recommended measures, bid
specifications are prepared for the installation of the FCM's.
Management of a competitive bidding process and the development of a
contract agreement between the agency and selected contractors is also
provided. Contractor payouts are made upon satisfactory inspection of
work.

Energy Management Training

After substantial completion of the energy retrofit an Fnergy
Management. Training (FEMT) session for agency staff is conducted. The
training is meant to create a general energy conservation awareness
among agency staff and present the specific energy reduction goals of

the retrofit. Agency maintenance staff are also trained in general
maintenance of HVAC equipment and specific operation of new equipment
and controls. At the FMT session the agency is presented with an EMT

manual which includes instructions on reading gas and electric meters,
setting up a maintenance program and general and specific operating
and mantenance procedures for building equipment. ~

Performance Monitoring

Utility bills are analyzed, as described below, for a period of
two years after the completion of a retrofit. This is the phase where
actual performance of a retrofitted bunilding is determined. The
performance monitoring results of the first 48 buildings in the
program are presented and discussed in this paper.

ANAT.YSTS METHODOLOGY

Utility Bill Analysis

Utility bills from each building are analyzed during the energy
andit to estimate annual energy consumption and costs to be used as
the basis for energy savings calcnlations. The consumption data are
then used to determine the building's energy indices (explained later
in the paper) as a basis for comparison to similar buildings and
potential energy savings. Utility bills spanning one to three years
are usally available for this pre-retrofit analysis. When sufficient
utility hills are not availahle or a change in building use is
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expected, natural gas consumption is estimated using an ASHRAF "UA"
model of the building and a bhin analysis program. Flectricity
consumption is estimated from equipment nameplate data, estimated
efficiencies and estimated hours of operation. Fstimated consumption
data is matched to actual utility bills whenever possible.

Netermination of energy consumption from utility bills s
accomplished using a "modified degree-day"” method. FEnergy consumption
between actual meter readings is used. The desirable span between

readings is as close to a fuoll vyear as possible. Natural gas
consumption is disaggregated into base load (domestic hot water,
cooking), which is relatively constant throughont the year, and space

heating load which is degree-day dependant. Base load is determined
by averaging gas usage during the non-space heating season (typically
May 15 thrn september 15). Actual billing periods are used whenever
possible. However, the determination of base load often involves
judgement due to estimated billings. The base load, in therms/day,
is subtracted from the total gas consumption for each analysis
period. The remaining gas consumption is allocated to space heating
which is adjusted to reflect normal Chicago weather conditons. Total
space heating therms for the analysis period is divided by the number
of degree-days (65°F base) for the period resilting in an average
space heating gas load in units of therms/degree-day. This average
space heating load is then spread over an entire 'normal' Chicago year
of 6500 degree-days (from O'Hare weather data) to arrive at annual
consumption.

Flectricity consumption is determined as an annual total of all

nses in the building. However, summertime bills (May 15 thru
September 15) are analyzed separately due to the seasonal use of air
conditioning and higher summertime electricity rates. For each

analysis period consumption is determined as an average usage in units
of kilowatt-hour/day.

Energy Consumption Tndices

The energy consumption estimates derived from utility bhill
analysis are used to establish pre-retrofit energy consumption indices
for natural gas and electricity usage. FRlectricity usage is converted
into units of primary energy using a conversion factor of 11,600

Rtu/kwhr. A1l indices are in units of Btu/yr-sq ft and are adjusted
to reflect a year with normal Chicago weather conditions of 6500
heating degree-days and 850 cooling degree-days. The indices are

useful to compare a building with similar buildings in the program and
initially determine its potential for energy savings.
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The pre-retrofit indices have been sorted according to building
size, building usage and HVAC system type for comparison purposes. O0f
the first 131 buildings investigated in the program no correlation
between energy indices and bunilding size, usage, or HVAC system type
was found. A more in depth analysis of building energy consumption
indices would be a good topic for a future study.

Cost & Savings Estimates

Cost estimates for ECM installations are obtained primarily from
three sources: Actual costs from previouns retrofits in the program,
estimates from contractors, or cost data from reference hooks.

Savings estimates rely upon engineering analysis using modified
degree-day and bin analysis methods prescribed in ASHRAF Fundamantals

Handbook, DOF manuals, and other energy conservation references.

Actual Savings

Actunal savings resulting from a retrofit are determined in the

performance monitoring phase of the program by analyzing
post-retrofit ntility hills. The same methodology applied to
pre-retrofit utility bill analysis is also applied to post-retrofit
analysis. Savings are indicated in terms of percent change in energy

consumption between the pre-retrofit period and the post-retrofit
period by the specific category of energy usage. Only bills with
actual meter readings are used for the analysis. This savings
methodology was checked against a regression analysis and it was
concluded that this simplified method of determining savings was
sufficiently acenrate (Katrakis, 1984).

MEASUIRED RFESIUITS

Table T shows the measured results of the first 48 retrofits in
the NNFP Program. The projects represented in this table are only
buildings which wuse natural gas as fuel for space heating. The few
retrofits that involved fuel conversions (ie. from oil or electricity
to natural gas) are not analyzed as part of this report. Table T also
presents building floor area, pre-retrofit energy costs, and estimated
retrofit cost and savings data for each project.
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Pre-retrofit annual energy costs shown in Table T were derived
from audit report estimates of annunal energy consumption and average
fuel prices of $0.50/therm for natural gas and $0.10/kwhr for
electricity. These fuel prices are not necessarily the prices that
were predicted in the audit reports or the prices that an agency
cunrently pays for fuel. Rather they represent the average prices for
gas and electricity in the City of Chicago over the past two years,
and they include tax charges. For comparison purposes and becanse
energy savings are realized over several years, in which fuel prices
may fluctuate, these average fuel prices were chosen.

Fstimated retrofit costs and percent savings shown in Table T
represent the values that were presented in the energy audit reports.
Taken separately, estimated gas or electricity percent savings are the
same with respect to either consumption or cost. Fstimated total
energy percent savings shown in Tahle T, taken from audit reports, are
relative to total energy costs and are dependent on the.relative unit
prices for gas and electricity that were predicted in the andit.

Actual retrofit costs represent the actual amount of dollars
spent on a retrofit. Half of these costs were funded by a grant and
the other half was financed hy a five-year, 0% loan:

Actual gas and electric percent savings represent the percent
change bhetween pre-retrofit and post-retrofit gas and electric
consumption. To bhe consistent with the estimated values, the actual
total energy percent savings are relative to total energy costs and
are hased on the average fuel prices mentioned above. Fnergy savings
in dollars are based on the same average fuel prices. The simple
payback was calenlated by dividing the actual retrofit cost by actual
annual dollar savings.

As shown in Table T, the average actual percent savings in
natural gas consumption for the first 48 retrofits is 23%. Actual
annual reduction in natural gas consumption ranged from 51% to -7%.
Twenty five of the retrofits resnlted in a reduction in natural gas
consumption of 25% or more. The average actual percent savings in
electricity consumption is 0% with a range from 44% to -152% Fleven
bnildings experienced an increase in annual electricity consumption.
Total actual energy cost savings averaged 12% and ranged from 41% to
-A1%. Nineteen of the retrofits resulted in a reduction in total
energy consumption of 15% or more.
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The results on a program-wide basis show that overall savings in
energy costs were 18% for natural gas, 2% for electricity and 10% for
total energy. A total of $1,635,960 was spent on the 48 retrofits
resulting in total annual energy savings of $179,920. The
program-wide simple payback for the 48 retrofits is 9.1 years.

NDTSCUSSTON OF RESUNTS

Program Success

The overall program money spent on the first 48 retrofits
resulted in overall annual energy savings of 10%. The program-wide
simple payback of 9.1 years is less than the program target of 10

years. Twenty four of the retrofits produced simple paybacks of less
than ten vyears, which results in positive cash flows for the
agencies. Seven retrofits produced a simple payback of more than 20
years. However, changes in building use or structure precluded energy

savings in almost all of these retrofits. As shown in the comment
column of Table T the retrofits of several of the buildings addressed
critical needs such as improved ventilation or repair of inoperable
cooling equipment. Tn snch cases comfort in the building was improved
at the expense of additional energy consumption.

Actual savings in dollars are dependant on the unit fuel prices
chosen for gas and electricity. The average fuel prices that were
used to calecnlate the actual dollar savings are less than the fuel
prices that were predicted in virtually all of the audit estimates.
Therefore, lower dollar savings are partly the result of decreases in
gas prices in recent years rather than the increases that were
expected at the time the andits were conducted. The recent lower gas
prices relative to electricity prices in the City of Chigaco also
adversely affect the total energy percent savings.

As mentioned previously, the focns of the retrofits early in the
program was on natural gas conservation. Thus, for the 48 retrofits
shown in Table T, we are mostly concerned with the success in reducing
natural gas consumption. The average gas savings of 23% and overall
gas savings of 18% demonstrate that the NNEP program bhas been
successful at reducing gas consumption
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Electricity consumption savings were acheived in almost all of
the retrofits in which the nse or structure of the building was not

altered. However, there was a very large range in electricity
consumption savings with several buildings showing an increase in
usage. Again, this was usually the result of a change in building use

or structure or a retrofit that addressed critical bnilding needs such
as improved ventilation or repair of inoperable equipment.

As shown in Table T, using the average fuel costs mentioned
before, total annual pre-retrofit electricity costs ($906,481) are
higher than the total annual pre-retrofit gas costs ($879,693). This
is a startling fact, which is due in part to rising electricity prices
in the ¢City of Chicago since the inception of the NNFEP program.
However, more emphasis has been focused on electricity conservation in
retrofits since the 48 presented in this paper. Performance
monitoring of thses later projects is needed to access the success of
electricity conservation in the program.

Predictive Accuracy

The accuracy of estimated retrofit costs was very accurate as
compared to the actual costs. The total program actual retrofit cost,
for the 48 projects ($1,635,960), is within 2% of the estimated total
program retrofit cost ($1,604,892). Andit estimates for retrofit
costs were within 10% of the actnal costs for 25 of the projects.
This result seems to indicate that the present methods used to
estimate retrofit costs are sound. Tt also stands to reason that
accuracy for estimating costs will improve as actnal retrofit costs
from more projects are added to the database.

The accuracy of estimated energy savings for the 48 completed
retrofits was generally good. Actual gas savings were greater than
70% of the estimated values for 22 of the 40 buildings where gas and
electric savings were presented separately. Fourteen of the buildings
realized actual gas savings of less than 50% of their estimated
values. Many of these bunildings were found to have excessive space
temperatures, improper control settings, structural problems, poorly
manitained equipment, or altered building usage.

3.209



NORT7 et al

Certain adjustments are necessary to more accurately estimate
energy savings and insure a high degree of confidence in audit
results. This is especially true where retrofit investments are to be
financed under market conditions and risks are therefore greater for
the borrower. Suggestions for improvements include the following:

1. more quantitative data on savings of conservation
measures
2. more accurate modeling of building balance points,

particularly during unoccupied periods

3. more accurate determination of gas base loads, perhaps
by submetering usage

4. measnre actunal amperage draw of electrical equipment
rather than utilizing nameplate data

5. more accurate determination of interactions between
conservation measures

6. more analysis of building indices to more accurately
gauge savings potential of a retrofit project

Progress has been made in obtaining quantitative data on savings
of certain conservation measures for steam systems. CNT is completing
a three year research project sponsored by the Gas Research Tnstitute
(GRT) to document individual performance of effective retrofits of
single-pipe steam heating systems, which are typical in the NNEP
program. The results of this study should be available in the summer
of 1988.

The use of post-retrofit energy data needs more development to
help accurately gnage savings potential of a retrofit project. More
analysis is needed of the indices especially when more post-retrofit
data is available for buildings with an emphasis in electricity
conservation.

Keys to a Successful Retrofit

A successful retrofit in the NNEP program is one where a positive
annual cash flow for the agency is created and occupant comfort and
energy awareness are increased. Rased on CNT's experience with the
program thus far a successful retrofit has much less to do with
accurate audit- estimates than with good ECM installation and sound
operation and maintenance practices.
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The overall savings results of the first 48 completed NNEP
retrafits are positive. Significant energy savings were achieved in
most cases. In those buildings where savings were not significant,
anomalous conditions were usually found, such as excessive space
temperatures, incorrectly set controls, or improper equipment
operation. These conditions were discovered only after monitoring
post-retrofit utility bills. Thus, a performance monitoring phase is
essential to insure the success of a retrofit. The discovery of
anomolous conditions suggest. the importance of proper energy
management of a building and that it is also a key to a successfnl
retrofit. The results of the NNFP retrofits presented in this paper
indicate that a successful retrofit shonld include but not he limited
to the following:

1. Appoint an Energy Manager to be responsible for the success of
the retrofit. This person may or may not be technically trained
but should he aware of the general operation of the building and
coordinate performance monitoring activities.

2. FEstablish a regular maintenance program for all equipment in
the building. Hire an outside contractor if necessary. Tt is
important to realize that building systems must be in sound
operating condition before implementation of conservation
measures. Treatment of deferred maintenance will often result in
energy savings.

3. Fducate agency staff on the importance of energy conservation
and the goals of the retrofit. Allow agency staff, particolarly
maintenance personnel input into the retrofit design. Staff who
are involved in the retrofit design are much more interested in
operating equipment properly and monitoring resnlts.

4. Keep building control systems simple. They are only as
effective as the people that operate them (simple direct
temperature controls have proven to be very effective). Establisbh
desired control setpoints and allow limited access to change
these setpoints (tamperproof covers should almost always bhe
installed with new thermostats).

5. Continually monitor performance by reviewing utility bills,
checking space temperatures, npdating control setpoints,
verifying equipment operating conditions, and checking for
wasteful practices, such as excessive space temperatures, open
windows, unnecessary equipment left on, etc.
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POTENTTAIL FOR FURTHER SAVINGS

The program originally emphasized gas conservation over
electricity conservation because electricity was considerabhly cheaper
at the onset of the program and buildings surveyed at program
inception spent less than 20% of their energy hudgets on electricity.
Since the 48 retrofits presented in this paper the program has focused
more on electricity conservation as well as gas conservation. We have
also seen in recent vyears great advances in electricity conserving
devices especially in lighting equipment. We will have more
confidence in recommending such measures once they have estahlished a
'track record'. As a result, much larger electricity savings shounld
he realized in the more recent projects as compared to the first 48
buildings. Alsa as fuel prices continue to rise, energy savings in
dollars will proportionately rise, making investments in energy
conservation even more attractive.
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