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App. A—Retrofit Options for Thirteen Buildings Types in the St.
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App. A—Retrofit Options for Thirteen Building Types in the St.
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Appendix B

Estimated Cumulative Energy Savings From Packages
of Retrofits for Thirteen Different Building Types

This appendix illustrates the effect of forming three
packages of retrofits for each of the 13 building types
for which retrofit options were presented in appen-
dix A. One package contains a set of nonoverlap-
ping retrofits of low capital cost; a second package
includes a set of retrofits of moderate capital cost
compared to savings; and a third package contains
retrofits of high capital cost compared to savings.

For each building type there is a graph that shows
cumulative energy savings as low, moderate, and
high capital cost retrofit packages are added to that
building. The cost per million Btu of each package is
shown on the vertical axis of each graph. Because of
interactive effects the cost per annual million Btu
saved may fall outside the capital cost thresholds es-
tablished by OTA for individual retrofits even though
all the individual retrofits in the package would fall
within the threshold if installed separately. This hap-
pens occasionally for the low capital cost package,
more frequently for the moderate cost package, and
very frequently for the high cost package.

For example, when combined into a package the
low capital cost retrofits to a clad wall commercial
building with an air system will cost $26 per annual
million Btu saved (“fuel-adjusted”*) even though

*See explanation of “fuel-adjusted” in introduction to appendix A.

Figure B-1.—Small Frame House: Air System*
V: Retrofit cost—$/million Btu saved
H: Annual million Btu saved
100 RETROFIT COST: $ PER ANNUAL MMBTU'S SAVED _ _

30 i
an
70
60
50
40
30

20

10

(
1

0 , Loa -
0 50 —-'—-—moo 150 200 250
ANNUAL MILLION BTU'S SAVED

® Base annual energy use = 575 million Btu “fuel-adjusted.”

each of the retrofits in the package will cost no more
than $14 per annual million Btu saved if done indi-
vidually. For the rest of the building types, however,
the cost per annual million Btu of the low cost retro-
fit package lies within the low capital cost threshold.

Similarly, for several of the commercial buildings
the cost per annual million Btu saved of the mod-
erate cost package is somewhat higher than the
moderate capital cost threshold of $49 per annual
million Btu saved even though individual retrofits in
the package cost less than that. Several of the high
capital cost retrofit packages cost substantially more
than the high capital cost threshold. The rest cost a
little more. These results indicate that high capital
cost retrofits would not be cost effective if done after
all low capital cost and all moderate capital cost ret-
rofits had been installed.

For convenience the list of retrofits included in
each retrofit package is given at the right of each
graph. There are a few differences between these
lists and those shown in appendix A. In most cases
this is because some interactive effects among ret-
rofits were anticipated in assigning individual ret-
rofits to retrofit packages.

Retrofits included in Low, Moderate, and High Cost
Packages for Analysis of Cumulative Savings

Small Frame House With an Air System

Low* Moderate. High .
Wall insulation Roof insulation Window insulation
Weatherstripping Storm windows
Thermostats Vent damper
2-speed fan motor Insulate ducts
Flow controls DHW vent damper
Insulate DHW storage

“Capital cost compared to savings.

327



328 .« Energy Efficiency of Buildings in Cities

Figure B-2.—Small Frame House: Water System*
, 12§E‘IBQFJLCOST3 $ PER ANNUAL MMBTU'S SAVED
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o 50
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o Base annual energy use = 628 million Btu “fuel-adjusted.”

Figure B-3.-Small Frame House:
Decentralized System*
RETROFIT COST: $ PER ANNUAL MMBTU'S _SAVED

100 150 250 300

300

100 -

50-
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of T . . ‘\

T
0 50 100 150 250 300 350 40
ANNUAL MILLION BTU's SAVED

o Baee annual energy use = 705 million Btu “fuel-adjusted.”

Retrofits Included in Low, Moderate, and High Cost
Packages for Analysis of Cumulative savings

Small Frame House With a Water System

Low* Moderate. High .
Roof insulation Storm windows Window insulation
Wall insulation Vent damper Replace burner
Weatherstripping Modular aquastat
Thermostats Replace room AC
Flow controls DHW vent damper
Insulate DHW storage

Small Frame House With a Decentralized System

Low* Moderate. High .
Roof insulation Storm windows Electric heat pump
Wall insulation Window insulation
Weatherstripping Replace room AC
Flow controls
Insulate storage

o Capital cost compared to savings.
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Figure B-4.—Small Masonry Rowhouse: Air System*

16 0 RETROFIT COST: $ PER ANNUAL MMBTU'S  SAVED
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120 |-

1001-

0 20

40 60 80 1)
ANNUAL MILLION BTU'S SAVED

o Base annual energy use = 404 million Btu “fuel-adjusted.”

Figure B-5.—Small Masonry Rowhouse:

1
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Water System*
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RETROFIT COST: $ PER ANNUAL MMBTU'S SAVED
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*Base annual energy use = 436 million Btu “fuel-adjusted.”

160

Retrofits Included in Low, Moderate, and High Cost
Packages for Analysis of Cumulative Savings

Small Masonry Rowhouse With an Air System

Low*
Weatherstripping
Thermostats
2-speed fan motor
Flow controls
Insulate storage

Moderate.
Roof insulation
Storm windows
Vent damper

DHW vent damper

High .
Wall insulation
Window insulation
Insulate ducts

Small Masonry Rowhouse With a Water System

Low*
Weatherstripping
Thermostats
Flow controls
Insulate storage

Moderate”
Roof insulation
Storm windows
Vent damper
Modular aquastat
Replace room AC
DHW vent damper

o Capital cost compared to savings.

High.
Wall insulation
Window insulation
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Figure B-6.—Small Masonry Rowhouse:
Decentralized System*

45 CRETROFIT COST: $ PER ANNUAL MMBTU'S SAVED
P
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350 -
300 |-
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20f
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100
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0 20 40 60 80 - 100 120 140 160 1€
ANNUAL MILLION BTU'S SAVED

0

“Base annual energy use = 466 million Btu “fuel-adjusted.”

Figure B-7.—Large Muitifamily Building: Air System*
0 RETROFIT COST: $ PER ANNUM MMBTU'’S SAVED

120

100

80

so

40

20

0

,
0 1000 2000 3000 4000 5000 6000 7000
ANNUAL MILLION BTU'S SAVED

e Base annual energy use = 12,985 million Btu “fuel-adjusted.”

Retrofits Included in Low, Moderate, and High Cost
Packages for Analysis of Cumulative Savings

Small Masonry Rowhouse With a Decentralized System

Low” Moderate. High .
Weatherstripping Roof insulation Wall insulation
Thermostats Storm windows Electric heat pump
Flow controls Window Insulation
Insulate storage Replace room AC

DHW heat pump

Large Muitifamily Building With an Air System

Low* Moderate. High.
Roof spray Window Insulation Roof insulation
Vent damper Water-cooled Wall Insulation
Thermostats condenser Weatherstripping

Enthalpy control Insulate ducts
Vary CHW temp

2-speed fan motor

Flow controls

DHW vent damper

Hybrid lamps

“Capital coat compared to savings.
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Figure B-8.—Large Muitifamily Building:

Water System*

RETOFIT COST: $ PER ANNUAL MMBTU'S SAVED
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“Base annual energy use = 13,950 million Btu “fuel-adjusted.”

Figure B-9.—Large Multifamily Building:
Decentralized System*

147@FIT COST: $ PER ANNUM MMBTU'S SAVED
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40 |-
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0 2000

® Base annual energy use =

4000 6000 8000 1
ANNUAL MILLION BTU'S SAVED

14,923 million Btu

“fuel-adjusted.”

Retrofits included in Low, Moderate, and High Cost
Packages for Analysis of Cumulative Savings

Large Multifamily Building With a Water System

Low* Moderate. High .
Roof spray Roof insulation Wall insulation
Vent damper Weatherstripping Boiler turbolator
Modular aquastat Window insulation
Thermostats Replace burner
Flow controls Replace room AC

DHW vent damper

Large Multifamily Building With a Decentralized System

Low* Moderate High .
Roof spray Roof insulation Wall insulation
Thermostats Weatherstripping
Flow controls Window insulation
Insulate storage Electric heat pump
DHW heat pump Replace room AC
Hybrid lamps

“Capital cost compared to savings.
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Figure B-10.—Large Commercial Building:
Air System* Retrofits Included in Low, Moderate, and High Cost
RETROAIT COST: § PER ANNUAL MMBTU'S SAVED Packages for Analysis of Cumulative Savings
250

Large Commercial Building With an Air System

200 |- Low* Moderate. High.
Roof spray Weatherstripping Roof Insulation
Vent damper Shading devices Wall Insulation
150 Thermostats Replace burner Window insulation
Enthalpy control Insulate ducts Water-cooled
Vary CHW temp condenser
Reduce ventilation
100 L 2-speed fan motor
Flow controls
Insulate storage
DHW vent damper

50 |- Task lighting
High-efficiency
fluorescent

0 L s " L L L
o 1000 2000 3000 4000 5000 8000 700
ANNUAL MILLION BTU'S SAVED

*Base annual energy use = 10,545 miilion Btu “fuel-adjusted.”

Figure B-11.—Large Commercial Building:
Water System*
RETROFIT COST: $ PER ANNUAL MMBTU'S SAVED

250

Large Commercial Building With a Water System
200

Low* Moderate High .
Roof spray Weatherstripping Roof insulation
Vent damper Shading devices Wall insulation
150 Modular aquastat Replace burner Window insulation
Thermostats Replace room AC
Flow controls Task lighting

Insulate storage

DHW vent damper

High-efficiency
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® Capital cost compared to savings.
¢ Base annual energy use = 10,579 million Btu “fuel-adjusted.”
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Figure B-12.—Large Commercial Building:
Decentralized System*

RETROFIT COST: $ PER ANNUAL MMBTU'S SAVED
0

300
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t
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100
50 |-
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o 1000 2000 3000 4000 5000 6000  700(
ANNUAL MILLION BTU'S SAVED
“Base annual energy use = 10,882 million Btu “fuel-ad justed.”
Figure B-13.—Large Commercial Building:
Reheat System*
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Retrofits Included in Low, Moderate, and High Cost
Packages for Analysis of Cumulative Savings

Large Commercial Building With a Decentralized System

Low* Moderate « High «
Shading devices Roof insulation Wall insulation
Roof spray Weatherstripping
Thermostats Window insulation

Flow controls

Insulate storage

High-efficiency
fluorescent

Replace room AC
Task lighting

Large Commercial Building With a Complex Reheat System

High”
Roof insulation
Window insulation
Water-cooled
condenser

Moderate .
Weatherstripping
Shading devices
Boiler turbolator
Insulate ducts
Insulate storage
Task lighting

Low*

Roof spray
Replace burner
Vent damper
Thermostats
Reheat to VAV
Flow controls
DHW vent damper
High-efficiency

fluorescent

o Capital cost compared to savings.



Appendix C
Retrofit Descriptions

This appendix includes descriptions of 52 possible
retrofits to buildings. The set includes descriptions of
seven active and passive solar retrofits for which
costs and benefits are shown in appendix D. The set
also includes eight retrofits for which costs and/or
savings were not estimated because conditions af-
fecting costs and savings vary enormously from
building to building. These retrofits were described
in chapter 3 and include:

HVAC-21: Install adjustable radiator vents

HVAC-22: Reduce orifice size on furnace/boiler

HVAC-23: Install multifuel/solid fuel boiler

HVAC-24: Install house fans
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HVAC-25: Condenser coil spray

HVAC-26: Chiller bypass system

DEW-6: Refrigeration heat reclaims for

domestic hot water

L-5: Maximize use of daylighting

The list of retrofits was initially developed by Ener-
gyworks of West Newton, Mass. and was adjusted
and expanded in consultation with members of a
Retrofit Review workshop that met for two days in
October 1980. The members of the workshop were
professional energy auditors, architects and building
retrofit researchers. Their names are listed in the
acknowledgments at the front of the report.
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5.2.3Prose Descriptions of Energy Conservation Masures

E-1 ROOF/ ATTI C | NSULATI ON

The base buil di ng nodel assunes a pitched or flatroof over an uninsul ated
attic or crawl space in the single famly case,anda flat roof with
|/2-inch to 3/4-inch of older roof deck insulation for alother building
types. Four inches of loose fill insulation is installed in attics/crawl
spaces, and two inches of high-resistance roof deck insulation, such as

pol ystyrene or urethane-polystyrene conposite, is added to flat roofs. The
cost of roof deck insulation includes the cost of replacing roofing over the
new insulation. The unit cost for insulating flat roofs ismuch higher than
that for attics or craw spaces.

The life of the measure is indefinite if properly protected. |n attics or
crawl spaces, leakage t hrough the roof or failure to proBerly vent the space
can cause noisture damage. Roof deck insulation must be protected by

mai ntaining the roofing.

The calcul ated results are highly dependent on the base case thernal
properties. For older flat-roofed buildings, assum ng athinlayer of
fiber-type insulation board is realisticfor nost cases. The nmodel is |ess
dependabl e for the single-famly case; while it was necessary to assune a
‘worst case" of no insulation, many houses have some, which may vary widely
in thickness, type, and insulating value. For exanple, adding four inches
of loose fill to an attic already having two inches of somewhat conpacted
rock wool vyields savings only 64% of the base case, or increases the
cost/savings ratio by a factor of 1.56.

Wiere heating is electrical, this measure may yield additional savings
t hrough reduction of demand charges, which are not included in the
cal cul ations.

E-2 WALL | NSULATI ON

The base bui | di ng nodel assumes uni nsul at ed walls for all wall t ypes, whi ch
is representative of nmost older building stock. For cavity walls, 3 %
inches of |oose fiberglass or cellulose is blown” in. For masonry bearing
wall's (MBW and clad walls, rigid insulation is fastened to the outside or
inside walls, whichever is nore feasible structurally and aesthetically.
For either application, it is necessary to cover the insulation with wall
board (interior) or a masonry finish compound (exterior). A conbination of
aesthetic and practical considerations may nake this neasure inpossible in
sonme bui | di ngs.

Costs of rigid wall insulation may vary w dely, according to method used and
availability of local contractors with experience in that type ofwork.
Experience with retrofit insulation of MBwand clad walls isgenerally
limted, and there nay be |ong-term maintenance costs or problenms that have
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not yet been uncovered.

Insulation of walls may inprove the confort |evel enough to permt |ower

wi nter thermostat settings in some cases, due to elimnation of “cold wall”
disconfort; this has not been included in the algorithm Al so not included
are possible reductions 1n demand charges where heating is electrical.

E-3 STORM W NDOAG

Al um num frame conbi nation storm windows are installed over single-glazed
wood or metal franed doubl e-hung w ndows, reducing both conduction heat |oss
and air infiltration. The base building nodel assunmes “average fit" for the
exi sting wi ndows, and reduction of infiltration load is cal cul ated by ASHRAE
criteria. Savings would be greater if existing wi ndows are exceptionally

| oose, less if they are already tight or weatherstripped. Therefore,
savings may vary with a building’ s age and nai ntenance condition.

Mai nt enance requirements may include |ubrication and/or occasional
replacenent of built-in weatherstripping. A measure life of twenty years
may be expected, varying with product quality, use, etc. The cost estimte
is for ‘average” quality w ndows.

I nprovenent of the confort |evel due tothismeasure is not incorporated
into the algorithm Also not included are possible reductions in demand
charges where heating is electrical.

E-4 REPLACEMENT DOUBLE GLAZI NG

For buildings with double-hung w ndows, existing wood or netal-franmed

wi ndows are renoved and replaced with new, integrally-weatherstripped,

doubl e-gl azed units. For all other wi ndow types, a second |ayer of glazing
is fitted to the existing sash, by the ‘deadlite” or simlar method.

Base case assunptions are asdescribed above for E-3. Reductions in
infiltration load are calculated for double-hung w ndows, but not for other
types, as the nethod for casenent and projected windows does not involve
sash repl acenent or changethesash fit.

Costs may vary widely according to the quality of replacement w ndows used,
or the nethod used for installing additional glazing. The costs used here
assume average quality replacement and gl azi ng added by attachnment with
magnetic strips.

E-5 W NDOW AND DOOR WEATHER STRI PPI NG

For the single-famly case (P/U 1), plastic or rubber gasket
weat herstripping is installed on all doors and w ndows. Rigid-backed
weat herstripping is used on doors. For all other building types, spring
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bronze is installed on doors and in w ndow sashes, where feasible. On some
wi ndows, foam or rubber gasket weatherstripping may be more practical.

As with E-3 and E-4, unweatherstripped doors and w ndows of ‘average fit”
are assuned for the base case. Actual savings may be |ess than those

cal cul ated when sone weatherstripping already exists? greater when doors
and/or wi ndows are very |oose.

Actual cost of weatherstripping can vary considerably. In the single-famly
case, installation by the occupant is assuned. Costs are estimted for
hi ghest quality materials and installation in all cases.

Life of this nmeasure varies from1l to 2yearsfor sonme platic or f oam types
to indefinitely for well-mintained spring bronze. Maintenance and/or
repl acement costs are not included in the calculation.

E-6 W NDOW | NSULATI ON

Quilted, polyester fiberfill-lined w ndow shades are installed on all
windows. A track or nmagnetic fastening systemis provided to maintain a
good air seal between the shade and the window. It is assumed that the
device is in place an average of eight hours per day throughout the heating
season, and is used on an average of 75% of the w ndows at any given tine.
An effective value of R-3 is added to the w ndow units.

The base case assunes si ngl e-gl azed wi ndows, which are representative of

nost ol der Urban buildings. \Were double-glazed w ndows exist, savings
woul d be about 48% of those calculated.

The savings are highly dependent on behavior; use for nmore hours or on nore
of the windows than indicated would yield proportionally greater savings.
There is also sonme variation depending on the exact device used (various
types of thermal shutters or other shade types are only roughly equivalent)
and the quality of insulation.

Savings are calculated for use during night-tinme tenperature conditions.
Daytime use would yield additional savings at a somewhat |ower rate. The
effective life of this nmeasure is not yet known.

E-7 REFLECTI VE FI LMS

Refl ective window films are applied directly to the glazing inconmerci al
bui I dings (P/U types of 3 and 4). Effective solar transmssion is reduced
by 72% and effective thermal transm ssion (U value) by 29% This neasure

refers specifically to products that are designed to reduce heating |oad as
wel | as cooling |oad.

The base case specifies single-glazed w ndows, which is representative as
di scussed above. Existence of double-glazed w ndows would have little
I npact on the solar-gain reducing aspect, but would greatly reduce the
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savings in heating load, which is a major part of the total

Prelimnary results show this neasure as nore cost-effective in cold
climates than in warm which runs counter to expected results. There are
two major reasons for this:

1. Mnufacturers literature claims reductions in heat |oss as

i ndi cated above; independent |aboratory test results to confirmor deny
these figures is not yet available. The current cal culations indicate
that measure has a much greater inpact on heating |oad than on cooling
| oad, hence the greater cost-effectiveness in cold climates.

2. tebuilding nodels are very limted as nodels for solar heat gain.
A rectangul ar shape, with windows evenly distributed with respect to
orientation and unshaded condition are assumed. Real-case buil dings
sel dom have these characteristics. |n sone cases, as in buildings with

a great deal of west-exposed 8Iazing, solar heat gain may have a much
greater inpact on cooling |oad, and therefore the cooling aspect of this

measure coul d predom nate

If this measure is highly effective in reducing radiant heat |oss through

gl azing, inmprovements in confort level (possibly enabling |ower winter
thermostat settings) could add to the neasure’s cost-effectiveness for

heat i ng

On the other hand, the measure could have a negative effect if used on
sout h-exposed wi ndows that were val uable sources of solar heat gain in the
winter, particularly where the wi ndows were doubl e-glazed or had night

i nsul ati on

Expected life of reflective filns is not yetknown.

E-8 SHADI NG DEVI CES

Exterior-munted fiberglass screen shading devices are installed over

wi ndows in comrercial buildings. Devices are used on all sides of the
building in the sumer, and all sides except south in the winter, to take
advantage of useful winter solar heat gain. The devices act asstorm

wi ndows, reducing conductive heat loss and infiltration~ as well as reducing
solar heat gain. This measure is nodeled specifically for renovable
devices. Savings are calculated with the assunption that the building s

wi ndows are single glazed, as described in the building nodels. Savings
woul d be reduced for doubl e-glazed wi ndows, as di scussed above for E-6.

Several factors should be considered in evaluating the cal cul ated savings:

1. Actual costs may vary widely according to the exact type of device
used.

2. ashodel ed, the devices would be installed over operable w ndows.
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Conpliance with building codes may be an issue in sonme cases. However,
commercial buildings are nmodel ed with the assunption that nmechanica
ventilation is provided; therefore windows would not ordinarily be
required as a ventilation source and covering tinme would not pose a
probl em

3. Theannualcost of setting up and renoving devices from the south
side has not been included in the calculations

4. Thelimitationsof the building nodel for nodeling solar gain, as
di scussed above for E-7, would apply here.

s.theeffective life of such devices is not yetknown.

E-9 ROOF SPRAYS

A roof spray systemis installed on flat roof buildings to reduce roof
surface tenperatures through evaporation, thus reducing heat gain and
reducing the cooling load. The base case assunmes a dark-colored flatroof
with thermal properties as described in the building nodels. Savings are
cal cul ated assumng the systemis operated an average of ten hours per day

during the cooling season, and actual sun conditions are taken into
consideration for the various climte zones.

The assumed thernmal properties of the roof are fairly representative of

ol der buildings which have not already been retrofitted with roof

insul ation. Savings for well-insulated roofs would be reduced in proportion
to the difference in U-value fromthe base nodel.The assunption ofa
dark-col ored roof, while also fairly representative of real buildings, is
verycrucial to the results. Savings for a light-colored, reflective roof
could be as little as one-quarter of those calcul ated.

Cost of this neasure could be greater than the assuned valuewhere the
installation presents structural problems, or where extensive additional

pi ping must be installed inside the building to handle the water

requi renents. The cost of water was al so not considered in the calcul ations.

Damage totheroof from water should not occur where the roofing is in good

condition and does not have drainage problens. Evaporation would ordinarily
be sufficient to prevent pooling on the roof where the systems controls are
operating properly.

HvAC-1 REPLACE BURNER AND CONTROLS

Exi sting oil-fired burner head is replaced with new retention-head burner
and appropriate controls, to inprove operating efficiency. The base case
assumes a single-pass, vertical fire tube, dry-base conventional boiler

The savings from this neasure are highly dependent ontheori ginal
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efficiency of the equipnment, which is a condition of the type and condition
of burner and controls, the condition of air intakes, boiler jacket, flue,
and tubes, as well as the basic boiler type as described above. Any
assunption made about systemefficiency is, by necessity, based on a rough
estimate only, the real cases may vary widely due to differences in the
factors discussed above. An attenpt was made to nodel representative ol der
equi pnent that has been maintained in good condition butdoes not

i ncorporate nodern features that contribute to overall efficiency such as

i nproved jacket insulation, nmore efficient fuel dispersion and fuel-air

m xing, etc.

Anot her shortcomng of this algorithmis that it is based specifically on
oil-fired water-heating equi pnent, although savings for oil-fired air
furnaces shoul d be roughly conparable. Inprovenents in the efficiency of
gas- burning equi pment may be |ess than those cal cul at ed.

Al'so, the calculated savings will result only where the equipnent is well
mai ntai ned and tuned periodically. This is assumed part of a nornma
mai nt enance program and mai ntenance costs are not included in the

calculations.  The new burner could be expected to last for the life of the
boi | er

HVAC- 2 REPLACE BO LER/ FURNACE

Existing boiler plant is replaced with a new wet-base, two-pass horizonta
fire tube steel boiler, with induced-draft burner. The base case is as
descri bed above for HVAC-1, and the linitations of the algorithm also apply
here

In this case, the savings are only applicable to water-heating equi pment;
the type of fuel burned is not a nagoy consideration, as the major part of
savings derive frominproving the efficiency of the boiler itself.

Opportunities to inprove the efficiency of air-heating equipnent are
sonewhat nore limted.

HVAC-3 INSTALL VENT DAMPER ON BO LER/ FURNACE

An electrically-actuated automatic vent danper is installed on the centra
heating plant, to reduce convection of air up the flue and | oss of heat from
the system when the burner is not firing (standby |osses). The base case is
as described for HV/AG 1. As a variety of vent danper designs are avail able,
savings may vary with exact type.

Vent danpers are generally nore effective for water systems, where
considerable heat is stored in the heating plant itself, and for gas-fired
systens, where the flow of air through the flue during off-cycle can be
consi derable.  Therefore, best savings are obtained for gas-fired boilers,
the |east for oil-fired furnaces. The savings cal cul ated here shoul d be
interpreted as representing the md-point of a range.
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Vent danpers are a relatively newitem and the expected |ife of the measure
is not yet known. Mintenance of the device and its control circuitry would
be included in normal heating plant naintenance.

HVAC-4 | NSTALL STACK HEAT RECLAI MER

Boiler water is preheated using reclainmed stack heat, reducing overal

heating needs. This measure is applicable primarily to oil-fired boilers;
savings fromagas-fired boilers are expected to be |ess due to |ower stack
tenperatures, naking less heat available for recovery.

stack heat reclaimers have not yet becone a common item therefore price,
quality, and availability may vary. The savings estimated are based on
improvenent in the overall seasonal efficiency of the heating plant, as
deternined in tests performed by Brookhaven National Laboratories. The
sanpl e used for these tests was limted, and actual performance may vary

with the initial condition of the heating plant and with the exact device
used.

HvAC-5 REPLACE ELECTRI CAL RESI STANCE W TH HEAT PUMPS

This nmeasure is intended to inprove the heating energy-efficiency of
all-electric, decentralized buildings where no central distribution system
exi sts. Therefore, substitute heating systens nust be installed on a

room by-room basis and depend on no input other than electricity. One of
the few options available is to install air-to-air unitary heat punps,
mount ed through the wall or through w ndow openings, simlar to conventiona
air conditioners.

Heat punps operate like air conditioners in reverse, cooling the outside air
and transferring the heat extracted fromit to the inside air. The colder
the outdoor conditions, the less heat is available for extraction, and the

| ower the operating efficiency of the heat punp. Mst heat punp systens
work in conjunction with electric resistance heating, which takes over when
the outdoor tenperature drops too low for the heat punp to operate
effectively. The overall seasonal efficiency of a heat punp is therefore

strongly dependent on climate, and is roughly an inverse function of
degr ee- days.

Heat punps also operate forcooling in the sunmmer; therefore this measure
is modeled to replace the cooling source as well as partially replacing the
heating source. Heat punps usually operate at a somewhat |ower Coefficient
of Performance (COP) than conventional air conditioners in the cooling
cycle, and therefore consune nmore energy for cooling\Wile exact
proportions would vary with equipment, it was assuned here that the heat
punp’s COP is 85% of that of the cooling systemit replaces. Prelimnary
results indicate that the heat punp neasure is in sone cases less
cost-effective in warmer climtes, rather than nore as mght be expected
This would be due to the reduction in cooling efficiency having a greater



342 . Energy Efficiency of Buildings in Cities

effect on the savings than the increase in heating efficiency.

Several difficulties were encountered in nodeling this measure, which shoul d
be kept in mnd when evaluating the results:

1. \all-nounted heat punps are a relatively uncommon item reliable
cost and performance data was therefore difficult to obtain, and the

parameters used represent a linmted sanple.

2. Theincrease in cooling energy is strongly dependent on the COP of

the original equipnent as well as that of the heat punp; real variations
from theval ues assunmed here could produce different results.

3. Sizing of heat punp systens (for devel oping cost estinates)
presented a difficult problem First, it is not known whether a

wal | -mounted system coul d conpletely replace the existing heating
source, particularly for interior areas that would be far fromthe heat
pup. Wile it was assumed that the heat punp system would handl e the
total heated area, this may not be feasible in some real cases. Also,
there was sonme question as to whether systens should be sized to neet
peak heating load (at design winter tenperature) or some fraction of
peak | oad, since the mninmm operating tenperatures of heat punps vary
considerably with equipment. It is assuned that the electric baseboard
radiation would remain in place to supplement the heat punps if required.

Wiile a heat punp system woul d reduce overall electric consunption, there

m ght not be any reduction in demand charges, particularly in colder

climates, where peak |oads would still need to be net by electric resistance
heat i ng

WAC-6 | NSTALL BO LER TURBULATCRS

Turbulators are installed in tubes of existing fire-tube boilers to inprove
heat transfer between hot conbustion gases and the heat exchanger, thereby
inproving overall operating efficiency. Stack tenperature and stack heat

| osses are reduced. It should be noted that many boilers, including older
equi pment, already have turbulators as original equipment; therefore, this
measure applies only where turbul ators never existed, or had been renpved
and di scarded at some previous tine (before energy conservation becane a

high priority, turbulators were sonetines discarded to make tube cleaning
easi er)

I nformation on energy savings fromthis nmeasure is linmted, and savings
would tend to vary with the original boiler condition, number and
configuration of tubes, and the design of a particular type of turbulator.
A flat reduction of 5% in fuel consunption is consistent with test results
obt ai ned by Brookhaven National Laboratories, performed on oil-fired

equi prent.  Savings for gas-fired equi pment shoul d be roughly conparable.

The cost of this measure is a function of the number, length, and inside
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dianmeter of boiler tubes. A separate figure was calculated for each
building type and climate zone, depending on design heating |oad and assuned
boiler size. However, cost variations of at |east +/- 25% could be expected
in real cases

HVAC-7 | NSTALL MCDULATI NG AQUASTAT

In nmost ol der hydronic systems, boiler water is set at a single tenperature
usual |y 160-200 degrees. The boiler cycles to maintain this tenperature and
the circulation systemresponds to the roomthermostat(s). However, the
system operates nore efficiently where the boiler water tenperature is
adjusted higher to meet colder conditions, |lower to satisfy mlder
conditions. A nodul ating aquastat is connected to an outdoor tenperature
sensor, and automatically resets boiler water tenperature (usually in the
range between 80 and 200 degrees) in response to outdoor tenperature. \Wile
this does not reduce the space heating requirenments or inprove the actual
conmbustion efficiency of the boiler, having a reduced water tenperature nost
of the tinme reduces system ‘parasitic’heat |osses through the boiler jacket
and piping. It would also reduce any tendency of the systemto “overshoot”
the indoor tenperature requirenent, thereby further reducing energy waste

An original single-point boiler setting of 180°F is assumed in the

cal culation and energy savings is proportional to the variation of actua
out door tenperatures fromthe design tenperature over the course of a
heating season. An algorithm using tenperature bin data is used

A nmodul ating aquastat should last for the life of the boiler and burner
equi pnent, given regular and periodic calibration

HVAC-8 | NSTALL SETBACK THERMOSTATS

Existing room or zone thernostats are replaced with tiner-actuated units
set to reduce overnight or unoccupied-zone tenperatures. Base case
assunption is that buildings are maintained at 65°F, 24 hours a day; after
installation, tenperatures are reduced to 55°F for 8 hours a day. Savings
occur due to a reducton in the tenperature difference between inside and

outside, thereby reducing the rate of heat |oss and reducing the demand on
the heating system

Wil e setbhack thernostats are sonetimes used to reduce cooling load as well
this measure is nodeled for heating savings only. In residential buildings?
it is assuned that the tenperature is maintained at 78°F in the base case
and that any tenperature reset to a higher point would not be feasible for
reasons of comfort. In commercial buildings, it is assumed that the cooling

systemis already turned off during unoccupied hours, and that a tenperature
reset would therefore not acconplish any energy savings

Any mgjor variation in initial conditions from the base case would affect
savings in proportion to the change in tenperature difference
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The success of this measure is highly dependent on being able to maintain
adequate confort at 55°F, and on behavior of occupants. \éll-insul ated
buildings with [ow infiltration rates can be adequately confortable with an
overnight setting of 55°F (of course, in comercial buildings it is assumed
that they are unoccupied during setback hours). However, conditions in

uni nsul ated, |eaky buildings, which is nore typical of the base building
model s and of much of the ol der urban building stock, could be nearly
intolerable at 55°F. Therefore, in evaluating results, it should be kept in
mnd that this neasure may not be feasible in some residential buildings for
confort reasons. It would tend to be nost effective in conjunction with

bui | di ng envel ope measures such as insulation and w ndow inprovenent that
tend to inprove the confort |evel

Wien used with an existing heat punp system setback thernostats will still
save energy, but at a sonewhat |ower rate than in conventional heating
systens; this is becauseatypical heat punp systemw || automatically
activate the resistance backup heating on an increased call for heat when
the thermostat is set up in the morning; the systemw |l not return to the
heat punp nmode until the higher tenperature is reached.

HVAC-9 | NSTALL ENTHALPY CONTROL/ DRY BULB ECONOM ZER

Conventional central air cooling systens operate primarily by recircul ating
i ndoor air through a cooling coil. A certain proportion of outdoor air is
added to the air streamaccording to ventilation requirements. |n many
bui |l dings, particularly in comercial buildings where internal heat gains
are high, there is often anet demand for cooling even when outdoor air
tenperatures are nuch cool er than indoors. An econom zer system naxinizes
the use of outdoor air for free cooling in such circunmstances. The

econom zer consists of an outdoor air sensing elenment and a set of automatic
danper operators. \Wen there is a demand for cooling and outdoor air is
sufficiently cool to contribute to neeting the demand, outdoor air danpers
are opened and return air danpers shut, such that up to 100% outdoor air is
circulated through the building. Successful retrofit of an econom zer
requires an outdoor air intake sufficiently large to handle 100% out door
air, and an exhaust systemw th conparable capacity; such conditions are
fairly typical in existing buildings with central air systens, and are
assumed to exist in the base building model. Were an enlarged air intake

or new automatic outdoor air danper are required, the cost would be somewhat
hi gher than that assumed here.

Two nejor control options are available: a dry-bulb econom zer operates by
sensing the tenperature of outdoor air; an enthaIPy control system senses
the enthal py, or overall heat content (sensible plus |atent) of the outdoor
air. Enthalpy control therefore alloms nmore precise control of confort
conditions and saves nore energy by taking advantage of a wider range of
outdoor conditions. However, enthalpy control systens have often proven
unreliable in actual field conditions; humdity sensing el enents have tended
to be inaccurate or to require frequent servicing and adjustment.

Therefore, a dry-bulb econom zer is nodeled for this measure. Savings are
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calculated by a nethod devel oped by the Honeywell Corporation, using a
climte parameter ‘K that reflects the typical free cooling potential, over
the course of a season, in various climate zones. The reduced savings
potential for a dry-bulb econom zer is incorporated into the al gorithm
whi ch assunes that a narrower range of tenperatures is useful for free
cooling. This algorithmis somewhat oversinplified, and is intended for

or der - of - magni t ude estinatin?. A more precise method is not currently

avai lable wthin the scope of this project.

HVAC-10 REPLACE ROOM AI'R CONDI TI ONERS

Existing older roomair conditioners are replaced with high-efficiency
model s in buildings with water or decentralized systems. The same cooling
load is satisfied at a higher efficiency, thus reducing the energy demand.
The base case assunes existing units are at |east eight years old, which
woul d be typical of older buildings and well within the [ifetime of nost air
conditioners? and indicate a unit produced before energy-efficiency became a
high priority in equipnent design

The cost-effectiveness of this measure is highly sensitive to the relative
efficiency between the original and the replacenent units, and maj or
variations in either could produce very different results. The efficiency
of older equipment is a function not only of its original efficiency, but
also of its service history, the condition of controls, the condition and
cleanliness of coils, the amount of outside air it handiest etc. A
reasonably well-maintained unit is assumed here. There is also a w de range

in efficiencies of new equi pnent available; a typical md-range point was
assuned.

The costsestimated for this neasure are intended to reflect md-range for

units sized to neet peak cooling |oad; however, variations of +/- 30%could
be expected

HVAC- 11 REPLACE CENTRAL Al R CONDI TI ONI NG SYSTEM

For the single-famly, small rmultifamly, and small comercial types (P/U 1,
2, 3), the existing direct-expansion (DX) conpressor and condensing unit are
replaced with new high-efficiency nodels. For the large commercial and
large nultifamly types (P/U 4, 5), the existing chilled water systemis
replaced with a new reciprocating chiller. The distinction between DX and
chilled water systems is made because the |arge peak cooling | oads of P/U
types 4 and 5 would ordinarily require a chilled water system whereas the
smal l er requirenents of types 1, 2and3could be satisfied with typical DX
syst ens.

The discussion made above for HVAC 10, concerning possible variations in
savings and cost, would also apply here. The need for replacement of

central equipnment is not well established, particularly in light of the high
cost involved. In some cases, inproved maintenance, inproved control and
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distribution systens, and/or partial replacenent of conponets would be nore
cost-effective than total replacenent of the central equipnent.

HVAC-12 VARY CH LLED WATER TEMPERATURE W TH LOAD

Chilled water central air conditioning systems usually supply water at the
tenperature required to meet the maximum cooling load. Energy can be saved
by varying the tenperature of the chilled water in response to outdoor
tenperature, by a principle simlar to that of a nmodul ating aquastat (see
HVAC-7), cooling the water only as nuch as is necessary to neet the

i mrediate cooling load. This inproves efficiency by reducing cycling of the
chiller, and also by allowing the chiller to operate at a higher

tenpelr?tgre. Controls and valving to nodulate chilled water tenperature are
installe

This measure is nodeled for air systens in all building types except the
single famly. Wile P/Utypes 2 and 3 were nodel ed as DX systens for the
purposes of neasure HVAC-11, it is feasible that these types could also have
chilled water systems. Therefore, this measure was nodel ed for P/U types 2
and 3 so that conparative data would be avail able.

The savings given for this measure apply specifically to Reciprocating
machines.  Savings would be about three times higher for centrifuga
machi nes.

nvacis CONVERT TERM NAL REHEAT SYSTEM TO VARI ABLE AIR VOLUME (VAV)

Compl ex systens in commercial buildings are nodel ed as termnal reheat
systems, which are typical of the general type of systeminstalled before
energy conservation became a ngjor Consideration. Termnal reheat systens
provide very precise zone tenperature control, but at the expense of very
hi gh energy consunption. For cooling, air is supplied to the entire
building at the tenperature required by the zone with the greatest cooling
demand. The air to all other zones is reheated to provide the required
tenperature, an extrenely wasteful process. For heating, outside air Is
typically mxed with the return air streamto provide the needs of the zone
wth the least heating requirement? which may often be aninternal zone that
actually requires cooling even in md-winter. The supply air to all other
zones is reheated to satisfy heating requirenents.

A variable air volume (VAV) system operates at a single supply air
tenperature for each of the conditioning nodes (heating and cooling), and
satisfies the needs for different zones by varying the volune of air
supplied. It can therefore handle transient zone conditions as well as
different basic zone requirenments. Energy is saved versus a termnal reheat
system in three ways: the need for summer reheat is elimnated entirely;
the demand on the cooling systemis reduced, as a full supply of air at the
tenperature required by the highest-demand zone is no |onger required; and
the heating energy is saved by elimnating the need to mx supply air to the
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needs of the zone with the |east heating requirenent.

The measure consists of replacing each reheat termnal with a VAV box. It
s assuned that a central pneumatic control system already exists, which can
be adapted to serve the needs of the VAV system This would generally be
the case in buildings already having a conplex system such as termna

reheat. Installation of a conpletely newcentral control system could add
at least 30%to the cost.

Savings are calculated with the assunption that energy is saved in each of
the three categories listed above, and that initial operating conditions of
the termnal reheat systemare as listed on the algorithm sheet. The
initial conditions are chosen on a "worst case" assunption; the magnitude of
energy savings would be less where initial primary air tenperatures were

hi gher or where other initial conditions were different than specified.

Ongoi ng regul ar nai ntenance of the VAV system and controls is assuned; cost
of maintenance is not incorporated into the calculations

HVAC- 14 REDUCE VENTI LATI ON VOLUME

HVAC systens in nost ol der commercial buildings were designed to handle a
volume of outside air equivalent to about 7.5 to 10 cubic feet per mnute
(CFM per occupant. In nmany cases, |eaky or poorly-controlled outside air
danpers allow an even greater volume, and also permt a considerable volunme
to leak through even when danpers are nominally closed. Changes in building
and sanitation codes in recent years have allowed reduction of outside air
to 5 CFM per occupant. Since the cost of conditioning outside air is very
hi gh, savings formventilation reduction can be considerable. This neasure
s applicable to alnost all commercial buildings; exception would be nmade
only where heavy snoking or a fume-generating process necessitated a higher
rate ofair exchange

Ventilation is reduced by installation of new |owleakage danpers. Danper
controllers are set to permt 5 CRM of outside ai r per occupant during
occupied hours, and to shut tightly during unoccupied hours. In calculating
savings, it is assumed that the original occupied-hour volume was 7.5 CFM
per occupant (typical of older obsolete building code requirenents), and
that the rate of |eakage throuPh shut danpers is reduced from 10% to 1% of
total air volune. SaV|ngs could be greater or less with any major departure
from these initial conditions.

HvAc-15 EVAPORATI VE COCLING SYSTEM

An evaporative cooling system operates by passing outside air through a
saturated filter. \ater is evaporated fromthe filter, and the heat
required for evaporation is extracted fromthe air stream thuslowering the
air's dry-bulb tenperature. The cooled air is supplied directly to the
space as supplement or replacement for nechanically cooled air. The
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effectiveness of the systemis a function of outdoor wet-bulb tenperature?
whi ch represents the lower limt to which the dry-bulb tenperature of the
air streamcan be cooled. Therefore, the systemoperates only when there is
a demand for cooling and the wet-bulb temperature is sufficiently lowto
produce the desired effect. Savings are determned by cal culating the
evaporative cooling potential of the outside air over the course of a
cooling season in each climate zone, a function of the wet-bulb tenperature
profile. The mnet hod assumes that this potential can be fully utilized;
therefore, it tends to overestimate the savings, by not accounting for the
utilization efficiency of the system

HVAC-16 REPLACE Al R-COOLED CONDENSER W TH WATER- COOLED

The efficiency of central air conditioning systems can be inproved by

| owering the condensing tenperature, which reduces the load on the
conpressor. \ater-cool ed condensers generally provide a |ower condensing
temperature than air-cool ed condensers, which are limted by the tenmperature
of outside air. The effectiveness of water-cooled condensers depends on

wet -bul b tenperature, and therefore depends on a clinmatic paraneter simlar
to wac-15. It is assumed that the existing air-cooled condensor was

mai ntai ned in good condition, and the new equipnent is sized for the peak
cooling load of the system The cost ofthe system al so includes
installation of a cooling tower to cool the condensing water. Special

probl ems, such as structural problems with a tower installation, or extra
costs involved in providing an adequate water supply for the system are not
consi dered

This neasure is nore cost-effective for residential buildings than for
conmerci al buildings of conparable size and characteristics for the
following reason: condensor and cooling tower are sized for peak cooling

| oad, which is higher in conmercial buildings due to ahigher rate of
internal heat gains. Therefore, the systemis nmore costly for comercia
bui | dings.  Savings, however, are a function of seasonal cooling |oad, which
is nore nearly equal between residential and commercial, since the cooling
systemis assuned to operate only during occupied hours in the comercia
model , and operates constantly at a lower load rate in the residentia
model . The net effect is to produce a |ower cost/savings ratio for
comrercial buildings. This would tend to be true of all neasures involving
a systemsized to peak cooling |oad, but where savings are proportional to
overal | seasonal | oad.

HMC- 17 FOG COOLI NG ( EVAPORATOR CO L SPRAY)

A systemis installed to spray cold water into the air streamleaving the
evaporator (cooling) coil, which reduces the dry-bulb tenmperature of the air
down towards the Iimt of its initial wet-bulb temperature. The principle
of operation is simlar to that for Evaporative Cooling, HVAC 15, except
that return air is cooled rather than outside air. The base case assunes
that the air entering the evaporator coil is at 78° dry bulb, 65° wetbulb
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Gowrelative humdity) . Savings would be |ess where’ the indoor wetbulb
temperaturewas hi gher, as the potential for cooling by the fog system woul d
be reduced. Simlarly, savings could be greater wth a lower initial

wet-bul b tenperature.

HVAC- 18 | NSULATE DUCTS

Bl anket insulation of 1 1/2 inch to 2 inch thickness is installed to reduce
parasitic heat gains and |osses from uninsulated ductwork. The base case
assumes a 135° winter supply air tenperature and a 55° summer supply air
tenperature. Savings are reduced for termnal reheat systens, since the
winter primary air tenperature is lower than in sinple air systems, and
reheat to final supply tenperature occurs at the zone termnals.

The savings for this measure are highly sensitive to the supply air
tenperature, the proximty of ducts to outside walls or other unconditioned
spaces, and to some extent, the area of ductwork involved. Major departures

from the assumed supply air tenmperatures would affect the savings upwards or
downwar ds

The cost is typical for situations where there is reasonably good access to
the ductwork, such as ductwork located in basements, suspended ceiling
spaces, or accessible utility chases. The cost of unusual access or wall or

ceiling demolition is not included; such problems would tend to exclude this
measure from consideration

HVAC-19 | NSULATE PI PES

I'n buildings with watersystens, pipes are retrofitted with 1 1/2 inches to
2 inches of new insulation. The base case assumes1/2 inch of existing
insulation that may be deteriorated and of linmited insulating value. Wile
there may be sone buildings with nopipe insulation at all, in which case
this neasure woul d be nore cost-effective, it is nuch nore common to find
some insulation even in 50+ year old buildings. The base case of a thin

| ayer of ol der insulation was considered nost representative of existing
bui | di ng stock.

The savings are specific to systems carrying 180° water. Savings would be

slightly higher but roughly conparable to systens using hotter water or
| ow-pressure steam  Savings could be nuch higher in high-pressure steam

systens.  Pre-existence of atenperature-reducing system such as a
nmodul ating aquastat would tend to produce |ower savings

Accessibility to pipes is an inportant consideration in evaluating the
cost. The estimate used here assunmes reasonable access to nost piping via
basements, accessible suspended ceiling spaces, and accessible utility
chases. The cost coul d be considerably higher where najor access problems
exi st ed



350 . Energy Efficiency of Buildings in Cities

HVAC-20 Two SPEED FAN MOTCRS

Air systems are commonly sized to neet the peak cooling |oad, which usually
requires a larger air volume to satisfy than the heating |oad, even in
moderately cold climtes. Systems are therefore oversized for the heating

| oad, which reduces overall system efficiency. Installation of a 2-speed
motor allows air volume to be nore closely matched to seasonal requirenents
as well as matching |ower requirenents during the cooling season. Sone
savings in fan energy are al so achieved.

A specific nethod for calculating savings for this measure is not yet
known. It was assuned that the |oad-matching aspect woul d save about hal f
as nmuch energy as a specific |oad-matching nmeasure such as a modul ating
aquastat. However, there is a need to develop a nore precise algorithm

HVAC-21 | NSTALL ADJUSTABLE RADI ATOR VENTS

steam Systens in ol der buildings frequently present problens wth

overheating? particularly where zone controls are inadequate. Adjustable
air vents are installed on radiators in areas subjecttooverheating, and

adj usted as necessary to reduce or elimnate the problem

This neasure is not quantified, since the base building nodel does not

i ncl ude modeling of zone overheating, and it would be inpossible to predict
any ‘typical” proportion or degree of overheating. A suggested algorithm
for evaluating savings in particular buildings is presented on the algorithm
sheet .

HWAC-22 REDUCE ORI FICE SIZE ON FURNACE/ BO LER

Boilers and furnaces often have firing rates well in excess even of the peak
heating |oad requirement, and therefore operate inefficiently all of the
time, with increased flue and standby losses. This can be a particular
probl em where buil ding envel ope conservation measures have greatly reduced
the heating requirements. The firing rate can be reduced by adjusting the
fuel /air mxture and reducing the fuel orifice or nozzle size to reduce the
overal | fuel volune.

Since the base case for this neasure is not consistent with the base
bui I ding nodels, it has not been quantified. It would be very difficult to
establish any kind of ‘representative' degree of heating plant oversize. A
general calculation nmethod is suggested on the algorithm sheet.

HvAC-23 | NSTALL MULTI FUEL/ SOLI D FUEL BO LER
Heating costs can be reduced by installing a multifuel or solid fuel boiler

in areas having abundant and econom cal |ocal supplies of solid fuel (wood
or coal) . This measure is not quantified, since it is a potentia
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cost-saving neasure only, not an energy-saving measure. Al so, any

cal cul ati on would require a single set Of assunptions about the cost of
providing heating with solid fuel, which can vary widely with the type of
equi prent and the cost, heating value, and |ocal availability of the solid

fuel. A general method for determning cost savings is suggested on the
al gorithm sheet.

HVAC- 24 | NSTALL HOUSE FAN(S)

Install an exhaust fan in the attic or other appropriate location to
substitute for mechanical cooling when outdoor conditions are appropriate
particularly at night. This neasure is considered applicable only to
single-famly buildings, P/U type 1. House fans can be very effective in
reduci ng energy requirements for cooling, particularly when a flushing with
cool night air is used to reduce a day's heat buildup. However, the measure
is not quantified due to its limted applicability, and since the savings
are highly dependent on behavioral factors governing the degree of use

whi ch would be inpossible to predict for a “representative" cases. A
calculation nethod is suggested on the algorithm sheet.

HVAC- 25 CONDENSER CO L SPRAY

A systemis installed to spray water on the coils of an air-cooled

condenser |owering the condensing tenperature and increasing the

equi pment’s Coefficient of Performance. This measure was not quantified, as
adequat e data concerning system costs and savings potential was not
available. Savings are produced in a way simlar to HVAC- 16, water-cooled
condenser, but would tend to be of |ower magnitude

HVAC-26 CHI LLER BYPASS SYSTEM

This neasure is applicable to buildings with a central coding system using
a watercool ed condenser and a cooling tower. An automatic control system
is installed to circulate chilled water directly through the cooling tower,
bypassing the chiller, when outdoor wet-bulb tenperatures are | ow enough to
produce adequate cooling by this method. It is usuallynecessary to install
a special strainer in the water line to avoid contamnating the chiller wth
particulate matter picked up in the cooling tower.

In calculating savings for this measure, it was found thatoutdoor wet-bulb
temperatures are always too hi gh to produce effective results during the
normal cooling season. This neasure is nost practical in comercia
buildings with internal zones that may require cooling during the nornal
heatin% season, and where transfer of heat frominterior to exterior zones
is either inpossible or the potential has already been exhausted. However,
since the base building nodels do not include nodeling of zone-by-zone
condi tioning needs, it was not possible to quantify this neasure.
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DHW 1 | NSTALL SUMVER DHW BO LER

Wiere donestic hot water is generated by a tankless coil in the main heating
boiler, the boiler must be run throughout the non-heating season just to

mai ntain the DHWsupply. Usually this involves running the boiler at a
smal | fraction of its capacity, and hence at a low efficiency. Energy is
saved by installing a separate direct-fired donestic hot water boiler to
operate in the sunmer only.

This neasure is nmodeled for the small and large multifamly types (P/U 2, 5)
with water systems. The applicability to single-famly homes (P/U 1) woul d
be very limted, as nost hones woul d al ready have a separate DHW heater
rather than a tankless coil. It is also not nodeled for the conmercia
types (P/U 3, 4) , as it assumed the commercial buildings using a tankless
coil would not supply domestic hot water during the non-heating season

It should be noted that the base case for this neasure differs fromthe
bui | di ng nodel used to generate the base load profiles, in that the node
assunes use of a separate DHWheater in all cases. However, the savings

calcul ated for this neasure are applicable to buildings having a tankless
coil system

DHw-2 | NSTALL FLOW CONTROL DEVI CES

Most faucets and shower heads are inefficiently designed, such that the
volume of water used is much greater than necessary. Flow control devices
use the available water pressure nore efficiently to create better

di spersion of the water and a higher apparent pressure, such that |ess water
is used. Flow control shower heads and faucet aerators save energy by

reduci ng domestic hot water use by over 50%

In nodeling this nmeasure, it is assuned that 60% of residential DHWuse is
for showers. The renmaining 40% covers all other uses, such as handwashing

di shwashi ng, house cleaning, laundry, etc. It is also assuned that shower
flows are reduced from6 gallons per mnute (GPM to 3 GPM and typica
faucet flows from2.5 GPMto 0.5 GPM  These reductions are typical of

actual devices on the market, but there could be considerable variation from
one device to another. The savings for this measure are also highly
dependent on behavioral factors, and nust therefore be interpreted as
representing a point in a broad range, rather than an exact estimate.

DHW 3 | NSULATE DHW STORAGE TANK

Substantial |osses occur from uninsulated or poorly insulated donestic hot
wat er storage tanks. Insulation of 1 12inch thickness is installed over
the tank. For the single-famly type (P/U 1) , the base case assumesa
conventional upri ght pHwheater with a thin layer (about 1/2 inch) of
original built-in insulation, and the neasure consists of fitting an

insul ation bl anket, of the type comercially available for that purpose,
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over the heater. For all other building types, the base case assunes a
separate steel storage tank, uninsul ated,sized to meet 2 hours of peak DHW
demand; the neasure consists of insulating the surface with insulation of

the type used for boiler jackets.

Savings are calculated on the basis of reduced energy loss from the DHW
system but al so take into account the increase i N heating | oad and decrease
in cooling load effected by the reduction of heat given off by the tank. It
s assumed that 50% of the tank’s heat loss had contributed to the heating

| oad, and that the remaining 50% had been lost fromthe building in the base
case.

DHW 4 | NSTALL VENT DAMPER ON DHW HEATER

An electrically-actuated automatic vent danper is installed on the domestic
hot water heater to reduce off-cycle losses. Savings are based on oil-fired
equi pnent.  This measure is not applicable to buildings using a tankless
coil for DHW

The description of heating plant vent danpers given for neasure HVAC-3 woul d
apply here as well.

DEWS5 HEAT PUWP FOR DOVESTI C HOT WATER

An electric air-to-water heat punp is installed to replace existing domestic
hot weater heater. This measure is considered applicable only to
residential buildings with a high year-round demand for domestic hot water.
For air and water system the base case assumes an existing oil-fired
separate DEW heater. For decentralized systens, the base caseis aseparate
electric DHW heater.

It is assumed that the heat punp would be installed in the building s
basenment or a simlar utility area, and that indoor air from that area would
be the heat source for the donestic hot water. While there maybe some
variation in basement tenperatures between the different climte zones, an
average basenent tenperature of 65° was assumed for all zones. The savings
in warmclimtes may be slightly higher, and the savings in cold climtes
slightly lower, than those calculated. Wile this device would have sone
i.nPa.ct on the building s overall heatin% and cooling loads, this inpact was
ditficult to predict and was omtted fromthe cal culations. The extraction
of heat from the basement would tend to slightly increase the heating |oad
and decrease the cooling load, and would have a somewhat great er inpact on
lowrise buildings (where a greater proportion of the conditioned space is
adjacent to the basement) than on high-rise buildings.

Air-to-water heat punps are not yet a comon item and information on
equi pment performance and cost wasdifficult to obtain. Therefore,
consi derable variations in both calculated savings and the cost/savings
ration are possible, and the calculation should be interpreted as an
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order-of -magnitude estimte.

DHwW-6 REFRI GERATI ON HEAT RECLAIM FOR DHW

Install a special heat exchanger on the condenser side of the centra
cooling systemto extract condenser heat for heating domestic hot water
This measure produces energy savings in tw ways: by utilizing waste heat,
the load on the primary DHWsystemis reduced or elimnated during the
cool i ng season; by extracting heat fromthe condenser of the cooling system
the condensing tenperature is |owered, which raises the cooling systems
efficiency and further reduces energy use.

It was not feasible to quantify this measure, due to a |ack of adequate data
on the effectiveness and cost of heat reclaimsystens. Were the base case
is adirect-fired DHW system and a cooling systemw th an air-cool ed
condenser, the savings would be roughly equivalent to the savings for
measure HVAC 16 (Replace Air-Cool ed Condenser with Water-Cool ed), plus the
fuel energy equivalent of the reclaimed heat, determned at the seasona
efficiency of the DHWequi pment. \Were a water-cool ed condenser already

exi sted, savings woul d be somewhat reduced in that case

L-1 REPLACE | NCANDESCENT LIGHTING WTH FLUORESCENT

The base case assumes incandescent lighting in all locations for al

building types. Fluorescent lanps are at least 3times as efficient as

i ncandescent in converting energy to light, and have a greater service

life. Existing incandescent fixtures are renmoved and replaced with recessed
fluorescent fixtures providing the sane level of illumnation. Forthe
comercial building types (P/U 3and 4), all lighting is replaced. For the
residential types (P/U 2and5), lightingis replaced in corridors and entry
areas, but incandescent lighting is retained in dwelling units for aesthetic
reasons. This neasure is considered inapplicable to single-fam |y hones.

In evaluating this measure, only the savings in energy are considered.
Changes in long-term |lanp replacenent costs owing to the |onger service life
of fluorescent [anps are not considered. The cost of this measure is
calculated on the basis of the cost of new fixtures, installed, plus the
cost of renoving old fixtures. Wiile a typical cost for recessed two-|anp
fluorescent fixtures was used, there may be considerable variations in

actual fixture costs.

L-2 I NSTALL FLUCRESCENT HYBRID LAMPS

where replacenent of incandescent fixtures is not desired, fluorescent
hybrid lamps can be installed in existing incandescent fixtures. The base
case is the sane as for L-1. Fluorescent hybrid [anps are typically
circul ar tubes with a central element t hat screws into a conventional

i ncandescent socket. It was assuned that this type of |anmp would be
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suitable for general commercial and corridor-1ighting applications? but
woul d be of limted applicability for domestic residential use. Therefore
savings are calculated on the assunption that hybrid | anps are used inall
fixtures in comrercial buildings and for all corridor lighting in
nultifamly types 2 and 5. For the single-fanmly types and for dwelling
units in the multifamly types, it is assumed that hybrid |anps replace 70%
of the incandescent lighting. Obviously,thisintroduces an el ement of
uncertainty into the cost-effectiveness for residential application, as the
actual proportion of use could vary wdely.

The expected service life of hybrid lanmps is nuch longer than that of
i ncandescent; however, this is not included in the cost cal cul ations.

L-3 USE LOW WATTAGE TASK LI GHTI NG

Wrk areas in comercial buildings often have very high |evels of genera
illumnation to provide adequate |ighting at work stations, which may in
factoccupy only a small proportion of the total floor area. This is
particularly true of large open office areas with high ceilings. Lighting
energy can be saved by providing | owwattage task |ighting at work stations,
and reducing the general overhead lighting level to a “general purpose’
level. In calculated savings, it is assumed that the level of illumnation
in wrk areas is reduced from 100 to 20 footcandl es (the levelsuitablefor
corridors and passage areas) . 75%ofthetotal work area (non-corridor and
service area) is affected by the neasure, and 40-watt fluorescent tasklight
fixtures are provided for 85% of the buildings occupant's. [t was necessary
to make these assunptions, as it is unlikely that a task |ighting neasure
woul d be applicable to all of the work areas in a comrercial building, or
that all of the occupants would require task fixtures. The proportion of
occupants requiring fixtures is higher than the proportion of floor area
affected on the assunption that this neasure woul d be nost applicable to

hi gh-density work areas rather that private offices. The cal cul ated
cost-effectiveness of thismeasures shoul d be evaluated in |ight of the
assunptions nmade.

L-4 USE H G+ EFFI G ENCY FLUORESCENT LAMPS

In commercial buildings where fluorescent lighting already exists, standard
40-watt lamps are replaced with 32-35 watt high-efficiency | anps, — whi ch
produce about the sane level of illunmination. Al lanps in the building are
repl aced

Wiile this measure has been quantified for the sake of conparison, it
assumes a base case of fluorescent lighting, which isdifferent fromthe

i ncandescent base case used in the load profiles and for all otherlighting
measures. Therefore, it is not included in the overall measure packages.
Al'so, the assunption that all lanps would be sinultaneously replaced is
somewhat unrealistic; the nmore common procedure woul d be for the building
operator to maintain a stock ofhigh-efficiency lanps, and replace the



356 . Energy Efficiency of Buildings in Cities

conventional |anps on a one-by-one basis as they burn out.

L-5 MAXIM ZE USE OF DAYLI GHTI NG

Install ‘light shelves,” reflective ceiling panels, outdoor reflective
panel s, etc., to maximze availability of daylight as a substitute for
electric lighting in comercial applications. This measure cannot be
quantified on a general basis forseveral reasons:

1. The measure itself is not adequately defined; different types of
devices would be applicable to different l|ocations, and information on
daylighting effectiveness devices is generally limted and difficult to
find.

2. Theeffectiveness is highly site-specific, depending on the exact
configuration of existing windows and on the presence of shading from
ot her buildings? trees, etc.

3* The cost and effectiveness both depend not only on the type of
dayl i ghting device used, but also on the control systems used to switch
between daylighting and electric lighting, and on behavioral factors.

R-1 | NSTALL SOLAR DOVESTI C HOT WATER

Flatpl ate collectors are installed to replace a portion of the donestic hot
water demand. It is assumed, for allclimtes, that a southerly orientation
s available, although recent studies have shown that orientations 90° from
south (due east or west) provide from83% (for Boston) to 94% (in Mam of
optimal collection (“collector Location: No Taboos on East or West,"
Wnslow Ful l er, Solar Age, December 1980). Tilt is assumed to equal
latitude. Single glazing is assuned for)all cl i mates. |

This neasure is not nodeled in comercial buildings, since conservation
efforts have elimnated use of hot water in many buildings surveyed.
Systems are sized for approxinmately 50% solar contribution. Mintenance
costs are assuned to be included in system costs.

R-2 INSTALL COMBI NED SOLAR ACTI VE SPACE AND DOMESTIC HOT WATER SYSTEM

Flat plate collectors are installed to reduce fossil fuel consunption for
space and donestic hot water heating. Southern orientation is assuned (see
note above), with tilt equal to latitude plus ten degrees. Single glazing
is assumed for all climates. Buildings with high internal gains and |arge
forced ventilation |losses are poorly nodel ed by correlation nethods, so the
two commercial types are onitted.

Systems Wwere not iteratively optimzed, nor was the standard F chart
econom ¢ anal ysis enployed. Systens are sized to provide about 25 - 30% of
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total space and domestic hot water |oads

R-3 I NSTALL SUNSPACE

An attached greenhouse is installed to supply heat during the heating

season. The sunspace is 3ofeet long, ofeet high at the attached wall, has
a single south glazing tilted at 50°, and a 4 foot deep ceiling insulated to
R-20. End walls are also insulated to R-20, night insulation of R9 is
provided and in place from5:00 p.m to 800 a.m Sunspace tenperatures are
allowed to fluctuate between 45°F and 95°F.

The sunspace is only nodeled for the first residential case, and savings do

not include vegetable production or other benefits, such as added property
val ue, aesthetics or increased living space

R-4 GLAZE MASONRY WALL

Sout h-facing masonry wal | s adjacent to conditioned space can be used to
collect and store the sun’s energy when painted an absorptive col or and
covered with a suitable glazing to minimze heat loss. Using a design
devel oped and popul arized by Felix Tronbe, performance estimtes are
calculated for residential buildings with south-facing, solid masonry walls
The wal s are assumed tohave thernocirculation vents at the top and bottom
each with areas equal to 3% ofthetotal wall areas. Danpers to prevent
nighttine backdraft |osses are also assumed. No fan usage is assumed; heat
transfer occurs passively through the thermocirculation vents and through
the masonry wall. No night insulation is assuned; providing night
insulation would inprove performance significantly.

R-5 ADD WALL PANEL, W THOUT STORAGE

Wiere masonry wall do not exist, metal panels painted blackand covered with
glazing can be attached to the south walland used to collect solar energy.
Heat distribution occurs through ventilation openings cut in the wall

allowing heated air to rise in the space between the netal absorber plate
and the glazing and flow into the room Panels are sized to avoid

overheating, since there is no Provision for storage. Wile thernosiphoning
air panels have a lower efficiency than active collectors? they do not
require fans, punps, blowers, or control circuitry reducing their costs.

R-6 ADD GLAZING W THOUT STORAGE

Allowing nore sunlight to pass into the space increases wnter heat gains
and reduces overall heating load. Replacing opaque walls wth transparent
glazing and noveable insulation (to reduce night |osses) saves energy.

Night insulation of R-9 is assumed to be in place from5:00 p.m to 7:00
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a.m. No added storage is assumed, so the increase in solar aperture is

limted to avoid overheating problems. It is assumed that summer sun is
excluded to avoi d increasing cooling |oads.

Problems that may arise in residential building when direct gain aperture is
increased include: loss of privacy, glare, and fading of fabrics. These
considerations, as well as the benefits of increased glazing (better view
nore natural lighting) have not been eval uated.

R-7 ADD GLAZING W TH STORAGE

This measure is simlar to the previous one in that it increases the solar
aperture to allow for direct solar gain. The difference arises in the fact
that Si nce the aperture increases are larger, heat storage nust be provided

inthe formof additional thermal mass. It is assuned that water containers
are added, a volune of approximtely .72 cubic feet per square foot of
glazing, or approxinately five gallons. In this case, it is assuned that no

night insulation is used; the additional cost required and the additiona

space (beyond that which is occupied by the water stores) are assuned to be
unavai | abl e)

Sol ar savings fractions obtainable with additional storage are higher than
for direct gain wthout storage, but a dimnishing cost-effectiveness.



Appendix D

Sources for Cost Estimates and Formulas
for Estimating Savings

This appendix shows for each retrofit, the sources used by Energyworks in estimating the costs and savings
for that retrofit.

Envelope retrofits
El. Roof insulation

E2.
ES.
E4.
ES5.
E6.
E7.
ES.

E9.

Wall insulation
Storm windows
Double glazing
weatherstripping
Window insulation
Reflective films

Shading devices

Roof sprays

HVAC retrofits

H1.

H2.
H3.

H4.

H5.
H6
H7

H8
H9

H10.
H11.
H12.
H13.
H14.
HIS.
H16.
H17.

H18.

Replace burner

Replace boiler
Vent damper

Stack heat reclaimer

Heat pumps
Boiler turbolators
Modulating aquastat

Setback thermostats
Economizer

Room air-conditioners
Central air-conditioners
Vary chilled water
Reheat to VAV

Reduce ventilation
Evaporative cooling
Water-cooled condenser

Fog cooling

Insulate ducts

Retrofit costs

R. S. Means, Building Construction
Cost Data, 1980

Same source as El

Same source as El

Same source as El

Zero Weatherstripping Co.,
Bronx, N.Y.

Appropriate Technology Corp.,
Brattleboro, Vt. (Window Quilt)

3M Energy Control Products
Division, St. Paul, Minn.

Literature from several different
products

R, S. Means, Buildings Construction
Data, sprinkler costs

ABC Sunray Corp., Plainview, N.J.

Hydrotherm, Inc., Northvale, N.J.

Flair Manufacturing Corp.,
Hauppage, N.Y.

Condensing Heat Exchanger Corp.,
Latham, N.Y.

R. S. Means, Mechanical and
Electrical Cost Data, 1980

Fuel Efficiency, Inc. (Brock
Turbolator) Newark, N.J.

American Stabilis, Inc. (Enertrol)
Lewiston, Maine

R. S. Means, Mechanical Data

Honeywell enthalpy control
package

R. S. Means, Mechanical Data

R. S. Means, Mechanical Data

Controlled Energy Systems Co.,
Seattle, Wash.

R. S. Means, Mechanical Data

Honeywell, Minneapolis, Minn.
(Tradeline, low leakage damper)

R. S. Means

R. S. Means

Carrier Corp. (Rota Spray) sprayed
coil system

R. S. Means

Sources for Costs and Savings Calculations

Retrofit savings*
Carrier System Design Manual-Load
estimating (ref. 8)
Same source as El
Same source as El
Same source as El
Same source as El

Same source as El and manufacturers’

information
Manufacturers’ information
Same source as El

Same source as El

Brookhaven, Efficiency of Residential Oil-
Fired Boilers (ref. 7)

Same source as H1

Same source as H1

Same source as H1 plus Bookhaven reports
on boiler stack economizers
(refs. 9 and 10)

Residential Conservation Service, Mode/
Audit Manual (ref. 18)

Same source as H1

Hydronics Institute—Controls for Hydronic
Systems (ref. 14)

Carrier, Systems Design Manual (ref. 8)

Honeywell, Energy Conservation With
Comfort (source for algorithm)

RCS, Manual (ref. 18)

RCS, Manual (ref. 18)

FEA, ECM-2 (ref. 12)

Honeywell (ref. 13), Hydronics Institute
(ref. 14)
Weather service climate data

ASHRAE Handbook 1976 (ref. 5)

FEA, ECM-2 (ref. 12)

ASHRAE Handbook 1976, 1977 (refs. 4
and 5

FEA, ECM-2 (ref. 12)
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HVAC retrofits

H19. Insulate pipes

H20. Two-speed fans

Hot water retrofits

D1. Summer hot water heater
D2. Flow controls

D3. Insulate storage

D4. Vent damper

D5. Heat pump water heater

Lighting retrofits

L1. Fluorescent for incandescent
L2. Hybrid fluorescent

L3. Task lighting

L4. High-efficiency flourescent

Solar retrofits

Retrofit costs
R. S. Means
Carrier Corp. (Mocludrive)

R. S. Means

Omni Products, Inc.,
Calif.

R. S. Means

Same source as H3

E-Tech., Inc., Atlanta, Ga.

R. S. Means

GE, Circlight, Los Angeles, Calif.

Dayton Co., commercial work
fixtures

GE (Watt Mizer //), Sylvania
(Superstar)

References for Costs, local
contractors in Massachusetts
cross-checked with R. S. Means,
Cost-Study Report to Mass-Save,

Yucca Valley,

Retrofit savings*
FEA, ECM-2 (ref. 12)
FEA, ECM-2 (ref. 12)

Brookhaven boiler analysis (ref. 7)
ASHRAE Handbook (refs. 4 and 5)

Carrier Corp., System Design Manual
(ref. 8)

Brookhaven (ref. 7), NBS energy
conservation modifications for
water heaters

Department of Energy, research and
development of heat pump water heater
(ref. 11)

McGuiness and Stein (ref. 15)
McGuiness and Stein (ref. 15)
McGuiness and Stein (ref. 15)

McGuiness and Stein (ref. 15)

References for Savings, 1) Solar Heating
Design by the F-Chart Method, Beckman,
Klein, Duffie, 1977, and 2) Passive Solar
Design Handbook, vols. 1 and 2

Inc., 1981

® Most of the algorithms used to estimate energy savings were developed by Energyworks, Inc. of West Newton, Mass., using parameters to be found in the sources cited. In a few cases,
indicated here, the algorithm came from the source
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