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ABSTRACT ‘
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reduction in energy consumption of more than 50 percent. Thexefore,
there is great potentlal for energy comservation in 1arge buildings,
with the accompanying significant benefit of dollar savings. This
report consists of a broad summary and overview of the energy
conservation aspects of large buildings, followed by turee
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recommendations in the three areas of design, comnstructicn, and
maintenance and operation. A bibliography is provided. (Author)
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I. INTRODUCTION

A, BASIS FOR REPORT

In mid-July 1972, the Interdepartmental Fuel and Energy
Committge, appointed earlier in the year by'Governor Nelson A.
Rockefeller, announced a three-pronged Action Plan to éromote
energy conservation. In his letter of July 28, 1972, Mr. Joseph
C..Swidler, Chairman, Public Service Commission, State of New
York, and Chairman, Interdepartmental Fuel and Energy Committee,
requested that General A. C. O'Hara, Commissioner of the Office
of General Services, Staﬁe of New York, and Member of the above
Committee, assume the lead for the Ad Hoc Committee for Energy
Efficiency in Large Buildings. The Interdepartmental Fuel and
Energy Committee Action Plan for Energy Conservation and Effi-
cliency in Large Buildings, Appliances, and Transportaéion cdated
August 9, 1972, delineates the taskslof this Ad Hoc Committee
and requires submission of the Committee's Report within six
months after.its first meeting. The firstvmeeting of . the Ad Hoc
Committee was held on September 7, 1972. This Report addresses
life cycle energy conservation and efficiency in large buildings
throughout the entire processes of design, construction, and
maintenance and operation for both public and private new and

existing buildings.



B, AD HOC COMMITTEE MEMBERSHIP

'

General O'Hara appointed the Ad Hoc Committee members
as shown in Appendix D. The membership 1s composed of well-
qualified pfofessional architects, engineers, maintenance and
operation specialists, contractors, labor representatives, ahd
large building owners and managers. ﬁoth the governmental and
private sectors are rebresented, as well as professional societies

and organizations.

C. SIGNIFICANCE

The Unite& States with 6 percent of the world's popula-
tion uses 35 percent of thé world's énergy. Total energy canumed
in the United States in 1970 was equivalent to B0 persons working
" ‘for each of us to maintain our modern way of 1ife. In the past
100 yeafs, overall demand for eneréy in the United States has
increased twentyfold and the rate of increase is accelerating .
sharply.l

Commercial buildings alone account for about 15 percent
of the total United States energy consumption.2 Althoﬁgh energy
consumption data in the other two building categories included in
this Report (institutional buildings and large multi-dwelling
residential complexes) is not available, it is readily apparent

that these three areas constitute a substantial portion of the

lxenneth F. Weaver, "The Search for Tomorraw's Power," National
Geographic, November, 1972, p. 654.

2Eric Hirst and Robert Herendeen, "A Diet Guide for Chfonic
Energy Consumers," Science Review, Ogtober 28, 1272, p. 66,




total United States energy consumption. Therefore, 1if significant
energy conservation and efficiency can be attained in large build-
ings, this wili make a very favorable contribution to lower critical

energy requirements.

D. OBJECTIVES OF THE REPORT

The objectives of this Report are as follows:

1. Determine the energy effectiveness and effi-
cienc& of the design, construction, and maintenance and operation
processes for providing and operating large new and e*isting
buildings.

2. ‘Identify changes.in thg above process:s which
would improve the efficiency and conservation of energy in large
buildings.

d. Define the optimum roles of tﬁe building
owner, designer, the constructor, and tﬁe operator in energy
conservation in large buildings.

4. Draft guidelines for energy efficient design,
construction, and maintenance and operation of new, rehaSilitgted,

and existing large buildings.

E. SCOPE OF REPORT

1. _This Report consists of the review and analysis
of the overall energy requirements for large buildings and how
this energy use is influenced by the design, construction, and

maintenance and operation functions involved. This is followed
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by guideline recommendations for improved energy efficiency and
conservation.

2. The Committee focused on the study of large com-
mercial type buildings, institutional buildings, and large multi-
dwelling residéntial complexes.

3. A great‘number of excellent studies, presentations,
articles and papers and commenks on them were analyzed to identify
lessons learned and potential design, construction, and maintenance
and.operation changes for obtaining greater energy conservation in
the future. These studies were used as departure points, and addi-
tional technical information was collected from other sources,
including personal interviews and discussions.

4. Due to limited resources of time,vpersonnél and
.fuhds, it was possible for the Committee to make only a 1imited
number of in-depth studies. It was not feasible to conduct any
research, development, test and evaluation programs. The Committee
necéssarily based its guideline recommendations on sgarch'of avail-
able literature and the extensive professional experience and
expertise of Committee members. The Committee identified many
areas where extensive studies and investigations must be made in
- the future. This will require a commitment of personnel and funds
in substantial quantities over a considerable period of time.

These study requirements are detailed in the body and recommenda-
tions of the Repﬁrt.
| 5. Industrial processing plants and off-site utility

generating plants were not considered by the Ad Hoc Committee due



to resource restraints; however, they are users of great quantities
of energy with considerable potential for energy savings, and
therefore should be the subject of future studies.

6. While the Ad Hoc Committee recognizes that the
subject 1is not strictly within the purview of large building
energy conservation, it feels that a detailed study of the present
utility rate structure should be made since as presently consti-
tuted 1; appears to promote the inefficient use of energy by the

large consumer.

F. ORGANIZATION OF REPORT

1. This Report is composed of a broad summary and
overview of the energy conservation aspects of large buildings.
These are followed by the three Subcommittee Reports containing
detailed studies and guideline recommendations in the three areas
of design, construction, and maintenance and operation.

2. Recommendations are organized into three categories:

a. Short Range - to be accomplished within
the next two years.

b. Middle Range - to be accomplished within
two to five years from the
present.

C. Long Range - to be accomplished after
five years from the present.

3. Recommendations are written to preclude substantial
changes to the current standard of living and envirommental comfort
of the general population, and without creating an impediment to

the orderly growth of business within New York State. It is



. recognized that energy demands will continue to grow and that these

progressive demands must be considered. However, they must be con-

trolled within the capabilities of current and anticipated energy

sources.




II. ABSTRACT

Unwarranted amounts of energy are wasted each year in providing
ma jor public and privately owned buildings and the desired environ-
ment within them. Improved design, construction, and maintenance
and opefation can save significant amounts of energy without im-
pairment of these processes, throughout thg 1ife cycle of these
buildings, arbitrarily establishzd as 50 years.

To successfully attain the above energy conservation, in-
creased cooperation and coordination among owners, designers,
contractors, maintenance and operation personnel, labor, aﬁd
governmental agencies will be necessary.

By implementing all of the recommendations contained in this
Report during the 1life cycle of a large building, the result will
be a reduction in energy consumption of more than 50 pérceg}.
Therefore, there is great potential for energy conaervation in
large buildings, with the accompanying significant benefit of

dollar savings.



I11. ENERGY CONSERVATION OVERVIEW

A.  BACKGROUND

1. Present owners, designers, constructors and
operators of large buildings face even greatér energy conservation
problems than those wﬁich have historically plagued them in.the
past. This is caused by greatly increased overall costs and
current and anticipated energy shortages,

2. Energy conservation in large buildings must start
with the owners and designers. The designers must take into con-
sideration not only design, but also both construction and mainte-
nance and operation requirementc, in order to achieve maximum
possible energy conservation. However, the overall responsibility
must be shared by the three disciplines involved. If confractors
and maintenance and operatién personnel do not provide feedback to
designers,.then optimum energy utilization cannot ultimately be
accomplished. -

3. Constructors of large buildings shoiild share
their expertise with both the designers and the maintenanc: and
operation personnel. The contractors must become aware of

possible energy conservation methods In the construction phase.



4, The maintenance and operation personnel will be
l1iving with the building over its entire life cycle. It is
imperative that they have input to both the design and construc-
tion phases. ¥or example, the maintenance personnel must service_
equipment and therefore must have sufficient space available in
order to maintain equipment properly. Operators also have a
responsibility to insure that equipment can be operated in ;
reasoﬁable manner, consistent with manpowér requirements.

5, All.th:ee areas 6f interest, designer, counstructor,
and operator must be willing to accept a give-and-take attitude.

. to achieve the best overall long-run energy.conservation within
budgetary constraints. The Architectural/Engineering Project
Design Review Board is one prime technique, especially at the
schematic and preliminary design phases of a new building or major
rehabilitation of an existing Building, to utilize this input

from all three disciplines! expertise'affecﬁ%ng e;ch others fields,
One such project review board is expla;;;; in Annex A3,

6. The study of energy consérvation and.efficiency in
large buildings is a very complex srbject. The followingilist
represents the majpr.consfderations 1nvolved in this Report; it
provides an appreciation of the order of magnitude of effort
required té develop the optimum programs for energy conservation

in large buildings,



a. Deuipgn Phase Considerations:
~ Energy Saving through Building
Configuration and General
Design Features

- Design of Fossil Fuel Heating
Systems for Energy Efficiency

-~ Energy Efficiency in
Electric Space Heating

- Design of Cooling Systems
for Energy Eifficiency

- Design of Ventilating Systems
for Energy Efficiency

- Lighting Energy Conservation
in Large Buildings

- Effect of Insulation on
Energy Utilization -

~ Reduction of Heat Losses
and Heat Gains at Building
Entrances and Lobbies

- Effect of Building Material
Selection on Energy Utilization

- Energy Efficiency through
Heat Recovery

- Cost/Benefit Ratio Analysis
in Energy Conservation
b. Construction Phase Considerations:
- Temporary Heat and Services
- Building Codes

- Joint Committees on
Construction Problems

- Efficiency in Construction Management

- Instruction of Maintenance
and Operation Personnel

« Labor Benefit Portability

. ERIC | P



c. * Maintenance and Operation Phase Considerations

- Establish Minimum Levels
of Envirommental Comfort

- Establish Hours of Operation

- Reduce Electrical Peak Demands
- Power Factor Correction

- Shut-Down]Start-up Procedures

- Check and Improvement of
Equipment Efficiencies

- Operating Techniques Utilizing
Night Setback and Thermal Lag

- Installation or Utilization of
Existing Economy Cycle Equipment

- Combustion and Heating
System Efficiencies

- 'Lighting and Energy Conservation
- Water Conservation
- Tax Incentives

- Alterations to Existing
Buildings and Demolition

- Preventive Maintenance Programs

- Establish Occupancy Standards

B. POTENTIAL ENERGY CONSERVATION

Specific recommendations are stated in the three Subcom-

mittee Reports in Appendices A, B, and C and will not be repeated
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in this section. The table shown below indicates the estimated
potential percentage reduction of energy consumption in large
buildings if all of the recommendatio..s contained in this Report

were implemented.

TABLE 1

CUMULATIVE ESTIMATED PERCENTAGE

REDUCTION IN ENERGY CONSUMPTION

Rehabilitated

Maintenance

Recommendation New Existing and Operation
Category Buildings Buildings Functions

Short Range 20 . 10 15

Middle Range 35 15 20

Long Range 50 20 . 25

NOTE: Percentages shown in above table cannot be added hofizontally‘
since these reductions apply only to each specific classifi.
cation.

This table shows that -anticipated total buildingvlife‘cycie
energy savings for a new building which is designed, constructed,
maintained and operated and rehabilitated, as required, in accord-

ance with this Report's recommendations should result in a saving

of more than 50 percent.
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C. GENERAL COMMENTS

Significant overall comments in regard to important
implications of some of the Report recommendations are detailed
below.

1. Complgxity of Energy Requirements
and Conservation

Energy requirements, including conservation,
is a complex, many faceted problem which to solve will require a
great magnitude of effort, including research, development, test,
evaluation, studies in many disciplines and many millions of
dollars to fund. An example of this complexity is cited in an

article in Goverrment Executive magazine for February 1973, in

which the writer states, "Amid cries for a well-coordinated, goal
oriented energy policy, 64 Federal agencies maintain some input

to energy decisions."*

Another example of this complicated problem is

detailed in a United States interagency report entitled The Potential

for Energy Conservation? This study peints out that many measures it

proposes require further investigation, legislation and review for
economic impact. Significant changes in tax authorities and energy
prices must be examined. Complex questions of feasibility and con-

sumer acceptance are also brought up by the suggested measures.

1John Wilpers, Associate Editor, "The Energy Crisis: Who's in
Charge Here?," Govermment Executive, February, 1973.

2Un1ted States Covermment Interagency Staff Report, The Potential
for Energy Conservation, Stock No. 4102-00009, Government Printing
Office.
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The means of carrying out conservation measures
fall into three general categories: standards and regulation, tax

incentives (credits and penalties) and educational campaigns.

The study pointed out that the use of standards
and regulations offers precise control; but they may be difficult
" to compose and monitor. Their existence may also inhibit innovative

solutions.

Tax incentives and penalties can provide financial
ipducements for energy conservation. The report added that educa=
tional campaigns are the least coercive of all programs and can help

develop support for more stringent measures,

2. Centralized Coordination Required

The magnitude of the energy conservation problem
requires centralized coordination of the effort at the national
level under sponsorship of an agency such as the National Bureau
of Standards, United States Department of Commerce, or by the pro-
posed United States Department cf National Resources, if established
as recommended by President Nixon. This national body should pro-
vide overall direction and coordination of the energy conservation

program with assistance from the 50 states, the profeésional and

14




technical societies and associations and other interested groups
such as industry, contractors, utilities, building owners and
managers, labor representatives, etc. This centralization must

be done to obtain the optimum results from the resources available
for this important program. If the individual states and other
organizations try to go it alone, there will be untold duplication,
as is now being done, with 1little productive output attained. New
York State should be in the lead in recommending that this national
level program be instituted, with a request to be given specific
assignments to study.certain aspects of the energy conservation
problem. The results of these studfes would be fed back to the
national coordinating body which would then disseminate them to all
interested parties. This should be standard procedure for all

organizations specifically interested in energy conservation.

3. Building Codes

An in-depth study should be instituted to
analyze existing building codes to determine whether they need
revision in order to conserve energy. This study should be
organized on a national basis, using the staffvand-expertise of
organizations such as the National Bureau of Standards. If a
need for code revision is validaced, then a standardized common
code for the State of New York should be developed, based on
minimum acceptable design.and performance standards, through
national consensus procedures, such as the American National

Standards Institute. This code should be modified for the major




cities of New York City, Buffalo, Rochester, Yonkers, and Albany
which, due to great numbers of congested high-rise buildings,

have special requirements for fire protection and safety.

4, Tax Incentives

To incorporate a number of the energy conserva-
tion recommendations of this Repor; into existing buildings will
initially cost owners considerable sums of money; however, there
will be an economic payoff in time due to decreased energy
consumption. In many cases, these expenditures carn be amortized
in two to five years. Tax incentives should be utilized to
economically persuade private building owners to make these initial
investments. Precedent for tax reducfion inducements in the best
interests of the State exists in the New York State Department of
Commerce's Job Incentive Program.

While it is realized that such tax incentives
decrease the tax base from which govermmental units are financed,
this reduction would be comparatively small and for a relatively‘
short period of time.

An alternative to tax incentives, would be to
encourage the Federal and/or State Governments to enter into low
interest rate loan programs for private businesses te cover addi-

tional energy conservation costs.

16



" 5. Envirommental Cleanup and
Energy Requirement Trade-Offs

Pollution reduction versus energy cpnservation
must be studied and reasonable trade-offs developed. In his State-
of~the-Union message to Congress on February 15, 1973, President
- Nixon said in part, "All development and use of energy sources
carries envirommental restrictions and we must find ways to
minimize those restrictions while also providing adequate supplies
of enérgy. I am fully confident thaf we can satisfy both of these
imperatives." He warned: 1In protecting the environment, 'We must

strike a balance to permit expansion of energy supplies."

6. Educational and Communication Programs

One of the fifst steps to implement the short
range recormendaticns of this Report is to initiate a State sponsored
public communication prograﬁ relating to the energy crisis and the
need to conserve energy. This program should use the various media
and include specific energy caéserving 1nstructions._ Supplementing
and following this communication prcgram, a State sponsored educa-
tional program should be offered for awners, designeré, constructors,

operators and occupants of large buildings.

7. Legislative and Executive Orders

In order to implement some of the specific re-
quirements contained in this Report, legislation or executivé orders
will be required. Also, some of the future studies will surely re-

sult in additional requirements for new or modified legislation.

17



As noted in the Action Plan of the Interdepartmental Fuel and Energy
Committee, that Committee will be responsible for developing the
required legislation and executive orders to implement guideline

recommendations of this Report, as requir=ad,

8. Limited Resoiurces of Ad Hoc Committee

Due to limited resources of time, personmnel,
and funds, it 1is regrette& that the Ad Hoc Committee could not
study in depth the extremely vital, complex problem of energy
conservation. Years of effort and millions of dollars will be
required to successfully investigate, study, analyze, and develop
solutions to this vast problems Technical, economical, environ-
mental, legislative, and poiitical implications of all aspects of

energy consumption must be studied and resolved.

9. Future Studies on Energy Conservation

In future, continuing in-depth studies of
energy conservation, adequate resources must be provided including
sufficient qualified, professiocnal personnel, available on a full-
time basis, in addition to necessary staff and facility supporet, to

satisfactorily accomplish such studies.

10. Guideline Recumnendations Require Resources

Many of the recommendations made in this Report
can be placed in effect now if necessary personnel and funds are made
available to permit their being accomplished. It is pointed out that

this program will be doubly beneficial in that recommendatifons, when

18



 implemented, will not only result in enexrgy conservation, but
ultimately in reduced expenditures of funds; however, it must be
clearly noted that additional resources will be necessary, initially,
to place these recommendations 1ﬁ effect. In other wﬁrés funds will
have to be spent in order to achieve sulsequent energy cqnsefvation
and save dollars. Such resources must be made available or the

basic objective of producing the right design, the right construc-
tion, and the right maintenance and operation of large new and
existing buildings to ﬁaximize energy conser?ation cannot be carried

out.
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IV. SUMMARY OF MAJOR GUIDELINE RECOMMENDATIONS

A., GENERAL OVERALL RECOMMENDATIONS

It is strongly recommended that due to the magnitude of
the overall energy conservation program; that centralized coordina-
tion of this vast effort be established at the national level, such
as the National Buf;aﬁ';f Standards or the proposed U. S. Department
of Natural Resources at the earliest possitie date. This cdmplex._
prbgr;m includes design criteria development, establibhing uniform
energy conservation standards and procedures for the deﬁign, con-
struction, operation and mgintenance of large buildings, and necessary
legislation and regulatory body code changes as required. . This national
body should provide overall direction and coordinatién of the total
energy conservation ﬁrogram, agsisted by the 50 states, ptofessional
and technical societies and assoclations, and other interested groups
such as industry, utilities, contractors, and building 6&ners.' Such

csntralization is required to obtain optimum results from resources

‘avallable to accomplish this vitally important program. If individual

states and other organizations proceed independently, there will be
untold duplication, as is now being done, with comparatively.little
output attained.

The following three sections symmarize the major gﬁideline
recommendations in Energy-Efficient Design, Construction, and
Maintenance and Operation of Large Buildings, in the Short, Middie,

and Long Ranges, respectively. For an in-depth description of the

detailed study and recommendations, see Appendices A, B, and C.
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B. MAJOR GUIDELINE RECOMMENDATIONS FOR
ENERGY-EFFICIENT DESIGN OF LARGE BUILDINGS

1. Short Range

The following guideline recommendations are for
accomplishment within the next two years.

a. In buildings at start of planning stage, study
site for natural assists to environment control problems, such as
microclimate, winds, trees, exposures and adjacent structures.

b. In buildings alfeady planned, but without con-
struction documents, analyze each exposure separately for:

- Use of natural light.

Heat gain by conduction in summer and Vinter.
-~ Heat gain and loss through radiation at glass
areas.
- Impact on ventilation, heating and cooling
through openable sections of outside wall.

C. Use most recent criteria in selecting outdoor
design temperatires. Consider building hgat storage capacity,
occupied hours, daily temperature range, auxiliary sources of heat,
etc.

d. Size heating equipment so that gross output does
hot exceed approximately 125 percent of the net heating load. When
the net heating load exceeds 1,000,000 Btﬁ per hour, use multiple
boiler approach.

€. Design central heating systems tb take advantage

of internal heat loads and thermal lag. Use as mahy heating zones as

economically feasible.

21



f. Additional design considerations: eliminﬁte
standing gas piloté, utilize heat recovery for systems with large
makeup air requirements, use separate domestic hot water heating
equipment for summer use, use systems to recover flue gas energy
and study indoor temperature requirements in more detail when
selecting design conditions.

g. Establish a professionally qualified independent
1nvestig§ting group at the national level, with no commitment, pro or
con, to establish the effectiveness of energy use in electric heating.

~he Where electric heating is used, use the baseboard
type with each unit containing its own thermostat. Electrié rghegt
. should not be used. Consider variable air Qoiumé or heag récﬁvéry
systems in 11eu¥of electric reheat.‘ Electric hegﬁ pumps shquld be
considered in the context of a complete system.

1. Design cooling systems for more efficient use of
energy, as follows:

- Use outdoor design conditions based on
conditions which are not exceeded moré
than 5 percent of the time.

. Avoid over-sizing of equipment.

- Consider use of heat-of-light systems
where light levels exceed 75.foot§andle;;

-~ Avoid use of high pressure, high horsepoqer
centfal fan systems. |

- Use direét outsidé air supply to fume and
exhaust hoods where possible. Provide hoods
at equipﬁent and exhaust non-recoverable heat

and moisture directly to outdoors.

22



. : - Use area or spot cooling for speciél purpose
areas.

- Study energy consumption of air-cooled versus
water cooled condensers before selection of
equipment. Design equipment on a modular
basis. Specify packaged equipment on a
Btuh/watt basis for greater efficiency.

= Provide proper controls to maintain flexibility
of operation'in large central systems. |

3+ Design ventilating systéms for more efficient use
of cnergy, as follows:

- Investigate ways to introduce ventilation air
from outdoors directly into afeas which re-
quire high ventilation.

- Zome ventilating systems so that spaces not
requiring ventilation may be easily shut off.

-~ Utilize chemica11§ acti&ated deodorizers in
toiiet rooms.and locker rooms to reduce the
need for excessive ventilation.

k. Design lighting systems for more efficient use of
energy as follows:

- Design lighting for expected activity.

- Design with more effecti&e iighting fixturee,
windows and skylights. |

- Use efficient light sources (higher lumen/watt).

23
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1. Reduce heat loss and heat gain through building
walls, roois, windows, etc., by the following:

- Require storm windows or double glazed sash
on new and existing buildings.

- Require that adequate insulation be provided
in walls and roofs of new buildings and
where practicable in existing buildings.

m. Design building entrances and lobbies for minimum
heai losses and heat gains as follows: |

- Install revolving doors or entrance vestibules
to replace single bank doors in new and exist-
ing buildings which have infiltration problems
at entrances.

- In new and existing buildings, seal the build-
ing envelope, particularly at upper floors, so
as to obtain a tight building, if the building
18 designed as a seale& building.

n. Energy may be saved through heat recovery.

* = Recognize that there is energy available
within buildings which can be recovered and
reused, thereby reducing primary energy
requiremeﬁts.

-  Use heat recovery principles in designing
heating, ventilating and air coqditioning
‘systems.

- Use heat pumps where feasible in buildings.

el
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o. A cost/benefit ratio analysis will be of great
benefit in energy conservation as follows:

« All state agencies involved in building
construction should require a 50 year
cost/benefit analysis study for each
major project including an isolated
study of energy use. Design fees should
be increased to permit both the comparative
studies and the cost/benefit analysis.

- All building programs assisted by State
funding (housing, schools, medical
facilities, etc.) should be required to
comply in a similar manner. |

- The private sector, particularly banks and
insurance companies that provide mortgages
for specuvlative building, should be encouraged
to require cost/benefit analysis before grant-
ing loans.

p. Architectural/Engineering Project Design Review
Boards should be utilized to provide technical/professional reviews
of major new and rehabilitation projects at prime milestones of
dezign and follcwing completion of construction. These boards include
owners, architects, engineers of each specialty, maintenance and op-
eration personnel, cqnstruction supervisors and inspectors. The
review insures that the project design results in an energy efficient

facility from all pussible angles.
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2. Middle Range

The following guideline recommendations are for
accomplishment within two to five yeafs from the present.

a. State construction agencies should designate
certain State projects as energy conservation projects.

b. The most significant changes to pursue in the
design of ventilating systems would involve the various governmental
and municipal agencies to jointly modify their existing codes and to
reach aéreement on ventilation standards #s developed by the national
energy conservat'on coordinating agency.

c. Illuminating Engineering Society (IES) should
refine light level criteria tb include maximum as well as minimum
standards.

d. The design of heating, ventilating, and air
conditioning systems should include control of interior static
pressure throughout the structure.

3. Long Range

The following guideline recommendations are for
accomplishment after five years from present.

a. Develop new, more versatile, higher performing
building skins including:

Flexible solar devices.

Higher insulating capability.

- Reduced infiltration.

- Greater thermal retention.

- Selectilve insulation gain.

- Interchangeability to respond to different

conditions.
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It is recommended that the single national energy
conservation agency undertake the development and coordination
of this effort.

b. The State should utilize the results of any
study approved by the national energy conservation agenéy on
minimum "U" values for walls, roofs, floors and windows and require

the use of these minimum "U" values i{in new construction through

legislative or other action.
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C. MAJOR GUIDELINE RECOMMENDATIONS FOR
ENERGY-EFFICIENT CONSTRUCTION OF LARGE BUILDINGS

1. Short Range

a. Temporary Heat and Services

= Utilize the Design and Construction Group of
the New York State Office of General Services
specifications for Temporary Heat during con-
struction of new buildings as a model or
standard in building construction contracts,

- Use the permanent heating, electric, water,
and other systems, wherever possible during
construction of new buildings in order to
eliminate the provision of temporary services.

b. Efficiency in Construction Management

All designers should consult with contractors for
their inputs, during both preliminary and final design phases, for
information and recommendations on construction technology and
economies, with especial emphasis on ways and meane for conserving
energy.

C. Instructi~n of Maintenance and Operation Personnel

Employees of the owner who will maintain and
operate newly installed equipment should receive instruction in
their maintenance and operation from qualified representatives of
the prime contractor(s), hia subcontractors, vendors, and manufacturers,
with the requirement for such instruction to be set forth in the

specifications.
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2. Middle Range Recommendations
a. Bullding Codes

An in-depth study should be instituted at the
national level to analyze existing building codes to determine
whether they need revision in order to conserve energy. If such
a need is validated, then a standardized, common code for the
State of New York should be developed, based on minimum acceptable
performance standards, using national consensus procedures for
establishing such standards. This code should except the major
cities of New York City, Buffalo, Rochester, Yonkers, and Albany
which have special high-rise requirements, due to great numbers of
congested high-rise buildings, especially in the areas of fire
protection and safety. Specifically tailored energy conservation
requirements ghould be developed for these cities.

b. Labor Benefit Portability

Sponsor or support legislation to assure
portability of labor benefit programs. These would ultimately
result in energy conservation by providing a better supply of

skilled workmen.
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D. MAJOR GUIDELINE RECOMMENDATIONS FOR ENERGY-EFFICIENT
'MAINTENANCE AND OPERATION OF LAKGE BUILDINGS

1. Short Range

a. Guidelines for all State and Non-State Buildings

- Initiate a public communication/education
program relating to the energy crisis and
the need to conserve energy.

- The following energy-efficient maintenance
and operations features of large buildings
should be recommended as guidelines for
State, municipal and private buildingsa:

- Reduce corridor, room and outdoor
lighting to the maximum extent
consistent with operational require-
ments, safety and security. The
above-mentioned reductions in light
level car be accomplished by turning
of f selectgd lights, substituting
incandescent lamp; of lower wattage,
reducing total illumination per area
to the minimum requirement of the
Illuminating Engineering Society, and
installation of additional localized
switching. Control window brightness
during daylight hours to redirect and

utilize the available light.
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Shut down air conditioning equipment and
reduce heating levels to the maximum
extent possible on weekends and holidays
in buildings unoccupied during those
periods.

Reduce heated and cooled air supply to
unoccupied space such as storerooms and
unoccupied areas. Establish minimum
winter and meximum summer operating
temperatures as a function of room use.
Reduce amounts of outsi&e ventilation air
used in central heating, ventilation and
air conditioning systems to meet the
minimum ventilations requirements. Insure
proper use of economy cycle where equip-
ment is available.

Give consideration, on days expected to be
hot, to cooling the building below normal
during the night and early morning hours
and allowing the inside air temperature to
rise during the afternoon. This action
would reduce the cooling requirement and
the amount of power consumed by air
conditioning equipment during the peak
load period.

Keep filter systems clean to insure
adequate circulation within the building

and minimize fan horsepower.
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- Inspect and repailr where necessary, the
wall and ceiling insulation, caulking,
weather stripping and storm windows of
all buildings.

- Verify that pipe insulation is provided
on all steam or hot.water lines passing
through air conditioned spaces, and on
all chilled water lines and ducts con-
taining cold air which pass through
non-air conditioned spaces.

= Post instructions covering operation and
maintenance procedures for occupants,

building operators and building managers.

- Individual employees and tenants of large
buildings of the State, municipalities and
private sector should be encouraged to:

« Turn off window air-con&itioning units
shortly before the end of the business
day.

- Report leaky water faucets, radiators,
piping, valves, etc. immediately.

- Draw or partially close blinds, shades,
and draperies on the sunny side of the
building.

- Keep windows or outside doors closed

during heating and cooling seasons.
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- Utilize the minimum artificial lighting
during daylight hours in rooms provided
with adequate windows or skylight
i1lumination.

- Keep other unnecessary lights turned off,
such as those in storerooms, closets, ;r
other spaces not being occupied.

- Shut off 1ights when leaving the office
or other work areas.

- Turn off electric fans, coffee makers and
other appliances when not required.

b, Regulatory Codes

Establish national regulatory codes to restrict or
benalize the inefficient or wasteful energy consumer. A central
national agency should be empcwered to serve as coordinator and
distributor of allocated funds for implementation of Federal code
requirements. Note: The U. S. report on "Patterng of Energy |
Consumption in the United States'" points out that many measures it
proposes require further investigation, legislation and review for
economic impact. Consequently, any implementation of any New York
State Committee's recommendations on energy conservation should be
closely coordinated with those of the Federal Govermment.

2. Middle Range

a. Mandatory Requirement for only State Buildings

Require each State facility to implement the

.recommendations on energy conservation of this section. This imple-

mentation shall include the planning of capital improvements and

Q manpower necessary to realize these energy savings, plus any required
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executive orders. (The State should print and distribute copies of
this report to each State facility.)

The propcsed recommendations for each State facility
.are as follows:

- All items of previous section on short range
recommendations which have not been implemented.

- Assign a top management official and staff
personnel at each major State facility to monitor and supervise the
energy conservation effort to insure that prescribed guidelines are
oeing carried out.

- Publicize the use of strict conservation
practices through announcements at staff meetings, notices posted
on bulletin boards, and newsletters. Where reductions in equipment
use are made in public buildings or facilities, ﬁost notices describing
why this is necessary.

- Consider changing the working hours in areas
-where employees occupy alr conditioned buildings, so that quitting
time occurs prior to the period of peakload demand at which time
air conditioning would be shut down. Conside;ation should also be
given to shuttiﬁg down of ajir conditioning equipment prior to quitting
time.

b. Distribution of this Report

Print and distribute copies of this report to the
operators of all large non-state buildings and request voiuntary

implementation of its energy conservation guidelines.

C. Prototype Implementation
On an existing large State building, implement the
. recommendations of this report as a prototype to quantify conservation

o .
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of energy principles and any possible resulting reduced maintenance

and operation costs.

d. Enviromaental Pollution vs Energy Crisis

Initiaie a complete study to review and evaluate
the existing envirommental pollution codes versus thé Energy/Fuel
Crisis., Revise the criteria in New York State pollution codes,
accordingly, to reflect the requirements of existing energy crisis,
1fla11qwab1e by U. S. Government standards. Bring this problem to
duly authorized Federal authqrities if changes required cannot be
accomplished. |

3. Long Range
a. Review and revise public utilities:rate structures
to encourage energy ccmservation.
b, Establigh tax incentives aimed at enérgy conserva-

tion.
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DESIGN

T. TINTRODUCTION

Eventually, every energy expenditure of a buildihg can be re-
lated back to decisions made in the design stage. During the
construction of the building, the materials used, the amounts of
materials employed to satisfy program requirements, the selection
and design of structural systems, and the means used to incorporate
the materials into their positions in the building all reguire
varying amounts of energy.

After construction is coﬁpleted and when the building is in
use, its energy consumption per year will be determined to a great
extent by the performance requirements built into it during the
design stage - the amount of heating necessary ﬁo replace the heat
lost through the walls, roof, openings and ventilation; the amoung
of energy expended by using the lighting system; the amount of
cooling required to offset heat gained by solar radiation, heat
- from lights, people, and equipment heat exhaust; the amount of -
energy to carry on special building activities - e.g. merchandising,
office equipment operation and advertising; the amount of energy
required to operate the pumps and fans built into the structure; and
the amount of energy required to operate the building as determined
by the actual efficiency of the equipment and of the fuel sourcé.

The maintenance and operation of the building is to some extent
fixed at the design phase. A complex system that will not operate
near its design level wili represent ;h energy wastefulness. Where
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DESIGN
ofer-sensitive adjustments are necessary for efficient performance,
absence of skilled and specially trained maintenance personnel can :
result in excess energy use. An over-simplified system, such as
one w@th either too few controls of lighting or limited number nof
temperatufe zones will also require unnecessary energy consumption.

The designer's lack of knowledge about construction and mainten-
ance and operation capabilities can result in the incorporation of
building features that do not perform as anticipated, such as build-
ings with greater heat losses than the heating plant was designed
to offset.

Since the design process predominately predetermines energy
.consumﬁtion, the committee members have looked into some of the
energy uses in all of the above areas where significant reductions
may be achieved by careful and coordinated design decisions. Where
areas of possible savings have been identified; but were not pos-
sible of being researched due to resource limitations, these have
been included as subjects for future study.

Bacause some recommendations could be put into effeet immed- |

iately, others could be in the near future with minor administration
or code changes, and others require longer range studies, develop-
ment of new equipment or changes in technology or construction
practices, we have catalogued our recommendations as short range -
within the next couple of years, middle range - from two to five years
hence; and long range - beyond five years.

The current nationwide search for the means to reduce energy
demand and consumption has led to the simultaneous preparation of a
number of independent studies with some overlapping. Where we have

found such studiés, we have extracted conclusions if they seemed |
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" DESIGN |
aprlicable to this report. Undoubtedly, the months ahead will
produce additional recommendations that might well be added to
those listed. The divisions of the report have been determined
more for editorial convenience than for the purpose of isolating
the ureas of saving by category. The interrelationships and trade-
offs - the effect of one decision on another, the increased initial
dollar costs necessary to achieve long range dollar (and energy)
savings - are too complex, in general, to be dealt with in a satis-
factory manner in this report, due to limited resources of time,
personnel and dollars.
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DESIGN

IT. SUMMARY

We have made some rough evaluations of possible energy savings.
If all the recommendations contsined in the short ra.nge.category
were incorporated in new building designs, an energy saving of
a.ppro:d.ﬁately 20% might be expected. Alterations to existing build-
ings could reduce their energy consumption by about 10%.

If all the recommendations contained in the m{ddle range cate-
gory were incorporated in new bullding designs, an additional energy
savirg of 15% might be expected. Alterations to existing buildings
might further reduce their energy consumption by 5%.

If all the recommendations contained in the .long range cate-
gory could be achieved and were incorporated in new building designs, .
a further energy saving of 15% might be expected. Alterations to
existing buildings could reduce their energy consumption by an ad-
ditional 5%. These total approximately 50% for new, and 20% for

existing buildings.
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DESIGN

ITI. DETAILED STUDIES OF BUILDING DESIGN

Various specific areas affected by design decisions are separately
discussed with specific recommendations in each area, as follows:

A. ENERGY SAVING THROUGH BUILDING CONFIGURATION AND GENERAL

DESIGN FEATURES.

1. Discussion:

a. The shape of a tullding, its orientation, the
positioning in relation to prevailing winds, its depth to width
ratio, the maximum distance from an interior point to an outside
wall, and its floor area to height ratio all have an effect on the
eventual energy consumption of the building, in addition fo the im-
mediate effect of the building materials that go into the construction.

b. The immediate effects of different wall and roof
performance standards, lighting standards, natural ventilation, and
meghanical provision for heating, cooling and ventilation are dis- ¢
cussed elsewhere. The impact of building configuration and general
design features on enérgy efficiency is the sole concern of this
section.

c¢. There are conflicting requirements made on an
exterior wall. Maximum glass area can reduce light requirements
(if provision is made to reduce lighting when natural light is ade-
quate) and can therefore, reduce the air conditioning to remove the
heat of the unnecessary lighting. It also, depending on exposure

and geographic location, introduces radiant heat from the sun, which
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DESIGH
vhen balanced with increased transmission loss through the glass, can
reduce wintertime heating requirements. Summertime cooling require-
ments will be increased. Depending on whether the glazing is single,
double or tripie, it loses an ascertainable amount of heat in winter,
usually more than a non-glazed wall wculd. Reduction of solar loads
may be accomplished in the design of the buildings by selective
placement and size of glass areas, particularly on south and west
facades, by the use of shading devices that will keep out a significant
portion of summer sun, by the use of reflective glass (preferable to
heat absorbing glass which stores some of the heat in the glass and
radiates it into the space), and by taking advantage of deciduous
trees that will keep‘solar loads off parts of the building in summer.
Density of construction will store day time heat and release it
slowly at night. Green areas around a building will prevent the
heating of masonry surfaces and the re-radiating of that heat into
the building. If a building is sealed, it requires a mechanical
system to deliver mandatory quantities of supply air for ventilation,
heating and cooling. ff it has operable sections, (windows or
louvers) the requirements for mechanical introduction of fresh air
may be reduced for berimeter zones, but results in the accidental
introduction of outside air and the consequential loss of heated
end/or cooled air to the outside.

d. There is also an important psychological com-
ponent that is supplied by a view of the outside and even by the
ability to open a window or other device and experience directly
the temperature, noises and odors of the world outside the building.
Th: internal programmatic requirements of the building can be markedly

different in regard to the use or elimination of glass. For
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DESIGN

example, n patient’s room in & hospital will want some visual con-
nection with the outdoors, while a recording studio wili want a mas-

sive material that will keep out unwanted sound.,

e. In the past, in a period of necessarily low
energy utilization, these various conflicting requirements were put
into a set of workable compromises that allowed minimum interjectioﬁs
of energy to cfeate tolerable, often very comfortable living and work-

ing conditions - light by candles, crystals and curved mirrors, heat
rrovided by masonry stones and retained by heavy walls. In the opt-

imization of energy use today, it is important to consider these

principles, in addition to evaluating maximum mechanical performance

inside a minimum surface area volume.

f. Design review boards have been used to review de-
sign documents of new construction. These boards include owners, arch-
itects, engineers of each specialty, maintenance and operation personnel,
inspectors and contractors. The review ensures that the design results

in energy efficient design of construction from all possible angles.

Annex A3 is an example of such a review bosrd.

. The amount of building space required for the
performance of certain tasks may be reduced through tighter program-
ming and more efficient planning.

h. The State, through its direct building programs
and its subsidization of other prcgrams, directly or inditrectly

controls or influences billions of dollars worth of building con-
struction, in schools, universi ties, hospitals, housing, community

facilities, health facilities and transportation facilities. 1In

addition, there are other sectors - commercial and industrial, for
example - whose building construction is influenced or controlled by

State agencies such as the New York State Urban Development Corporation.
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DESIGN
State agencies directly involved in the building field include the
Office of GeneralAServices, State University Construction Fund,
.Dormitory Authority, Health and Mental Hyglene Faclilities Improve-
ment Corporation, and others. If 5 percent of the buildings were
found unnecessary, this would represent & significant savirg. For
evéry $80 million in building that is saved, a megawatt of generating
capacity is freed for other purposes.
i. The feasibility cf the development of computer
programs to optimize energy savings through building design should
be studied.l

2. Recommendations:

a. Short Range:
(1) In buildings already planned, but without

construction documents, analyze each exposure separately for:
(a) Use of natural light to achieve:
-savings in electric utilization
-reduction in air-conditioning
(b) Heat gain by conduction in summer
and winter, vwhich results in:
-greater air-conditioning load

-lesser heating load

(¢) Heat gain and loss through radiation
at glass areas, which changes air-conditioning and heating loads.
{d) Impact on ventilation, heating and

cooling through openable sections of outside wall, which result in:

lJohn L. Kmetzo,of Syske and Hennessy Consulting Tingineering IPirm,
A(A Journal, December, 1472, pp. 26-78.
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DESIGN
-less mechanieal ventilation re-
quirement.s.
-rreater infiltration
-less cooling at 55° to 75° outdoor
temperatures.
-more noise (in some areas)
(2) In buildings at start of planning stage:
(a) Study site for natural assists to
environmental control problems, such as:
-microclimate
-winds
-trees
-exposures
-adjacent structures
(b) Merge these determinants with those
listed under a. (1), above.

b. Middle Range:

(1) If feasible, develop (or adapt) computer
programs for design in all State buildings. Make this available to
other planning groups of State agenéies and the private sector,
(eonsider grants fiv development of such studies).

(2) Investigate the possibility of the State
establishing an umbrella organization with powers to deal with
regulatory agencies as well as private industry in regard to energy

conservation.
(3) Designate certain State projects as energy

conservation research projects, as the General Services Administration
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DESIGN
has done with a new office building project in Manchester, N.H.,
incorporating energy conservation designs.
c. Long Range:
(1) Development of new, more versatile, higher
. performing building skins including: |

flexible solar devices

higher insulating capability

reduced infiltration

greater thermal retention

selective insolation gain

i

interchangeability to respond to different
conditions.

It is recommended that a single national
agency, such as Buildings Research Institute of the National Bureau
of Standards undertake this effort. The State should participate

in it, rather than duplicate it.
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B. DESIGN OF FOSSIL FUEL HEATING SYSTEMS FOR ENERGY EFFICIENCY

1. Discussion:

A reasonable sophistication in engineering design is
necessary to allew a heating system to perform efficiently and there-
by provide a plant that can provide acceptable conditions with a
minimum use of energy.

a. General: .

(1) Comfort Criteria
Determine the comfort criteria necessary
in accordance with the latest ASHRAE Guide. This includés: Design
indoor temperature in winter and summer; design temperatures in
areas of special application such as computer rooms; and inclvde the
controls necessary to maintain this design temperature over varying
external environmental conditions. |
(2) Outdoor Design Temperatures
Since we have considerable data that in-
dicates that the winter design temperatures for New York City will
be higher than 16 degrees F. for 97 % percent of the winter, it does
not make sense to arbitrarily select the temperatures of O degrees F.
or 5 degrees F. as a winter outside design temperature. Therefore,
use 16 degrees F. for masonry buildings in New York City. Similar
considerations should be made for other locations.

b. Heating load:

Determine the net heating load for the building,
including an anzlysis of heat gains and losses in the building, the
time at which these heat gains occur, the use of heat reclaiming

devices, heating of outside air for variable ventilation requirements
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with occupancy, heat géiﬁ sources (such as solar, lighting, people
and eéuipment), the types and complexity of the system sequencing
and program of operation which will maintain the structure at the
desired levels of comfort. Analyze thé 1vad profile on an hourly
basis, since many of the heat gainsyin the bullding may not be avail-
able at the time the peak heat loss oceurs. Do not use average
values. Use the following criteria to determine the size of the
heating equipment necessary to meet the load:

c. Sizing Heating Equipment

(1) The heating equipment should be sized so
that the gross output does not exceed approximately 125% of the net
heating load. If a boiler plant fora hi-rise building is very tightly
designed, indications show that it might operate at maximum capacity
for 50 to 60 percent of the entire winter. . A boiler plant, however,
that is over designed, (and many are over.designed by 200 to 300
’bercent), will never operate at full capacity during any portion
of the heating season, with consequent greater waste of energy.

(2) Guaranteed Efficiency Method

' Large boiler ihstallations are often bid
competitively so that comparatively low efficiency ihstallationslare
built. A method which New York State has used successfully for ap-.
proximately ten years in bidding large ﬁoilers is the Guaranteed
Efficiency Method. See Annex A-2. .With this method the lowest
responsible and reliable bidder is fﬁe bidder whose proposal is com-
puted by the State as the lowest combiped sum in dollars of the bid
price and the fuel cost, and which will best promote the public
interest. The fuel cost as estimated by the formula is added to the

bid price. The sum of these is the basis which determines the
- A-22




DESIGN
lowest combined value. The lowest combined value will be a factor
in determining the "lowest responsible and reliable bidder" as de-
fined above. This method promotes energy conservation.

(3) Multiple Versus Single Heating Units:

When the net heating load is greater than
1,000,000 Btu per hour, consideration should be given to a multiple
boiler approach, designed so that the gross output of the individual
heating units involved will closely match the load profile of the
structure at both high and low load conditions. Boilers should be
controlled so each boiler goes from "lead" to "lag' position sequen-
tially, either automatically or manually, per time period (daily,
weekly or monthly). At least 90 percent of the modules should
operate at 100 percent of their installed capacity. As lorng as oil
fired or gas fired equipment operates at peak capacity, maximum
combustion efficiencies can be maintained. Many utility companies
have found that modular boilers are saving about 30 percent of the
fuel that would be used in a boiler plant utilizing only one or two
large fire tube boilers.

(4) General heating systems should be designed
makiné maximum use of internal ﬁeat gains in order to save energy
utilized.

c. Zoning:

It is extremely wasteful of energy to try to con-
trol the entire heating system of a high-rise building with only one
or two zones. To realize good control over energy usage, use as
many individual zones as required and economically feasible. 1In
addition, design of the distribution system should use & similar

design concept so that it will neither overheat nor overcool a
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particular section of the structure in order to maintain a comfortable
level of internal temperature in another portion of the structure.
Wher= this is diffieult to achieve, consideration should be given to
operating an isolated heating and cooling system for those portions
of the structure which have unusual heating and cooling requirements.
Examples of these are: computer rooms, dining rooms, kitchens, éon-
ference rooms, etc.

d. Mr*ntenance & Operation Manual:

Composite, integrated maintenance and speration
instructional manuals coordinating gll trades and equipment of the
structure for optimal system operation are & design responsibility.
At the time the equipment is installed, clear, concise, indestructible
printed instructions should be permanently mounted near each major
item of equipment describing operation steps required for efficient
performance and designating where operating personnel can have
questions answered, or obtain emergency assistance. This should ve
done during the construction document phase of the project design, by
a Maintenance Specialist through the architecé/engineer as a contract
requirement, with a fee adjustment to take care of this additional
design requirement.

e. Additional Design and Development Considerations:

(1) It is estimated that gas pilots consume
more than 223 billion cubic feet of natural gas per year in the more
than 3C hillion gas-heated homes in the United States. Pilots on water
heaters, gas dryers, refrigerators and other appliances waste ad-

ditional gas. Electric ignition should be used in place of standing
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DESIGN
gas pilots for zas burners.1

(2) For every project which requires more than
2,000 O of fresh air, consideration should be given to devices
which will transfer energy from the building exhaust air tc in-
coming fresh air.2

(3) It has been proven that less fuel is used
in fired heating equipment operated near its rated capacity than in
equipment operated at a low percentage of capacity. Accordingly,
it is more economical in terms of fuel consumption to use separately
fired domestic hot water generating equipment rather than to use a
heating boiler at a small percent of its capacity in the summer.

(4) TInstitute the development of a low cost,
simple control device that can be installed inexpensively on each
piece of radiation and which will react rapidly to local environmental
conditions. This would be an extension of current industry recom-
mended practice to have local (individual area) zone controls.

Local zone control is not yet provided in such building categories
as New York City housing. The control device must be part of a
system design which can react to load changes, and thus, decrease
fuel usage proportionslly.

(5) The heat pipe, which has no moving parts,
is a relatively new development in efficient heat transfer. Hence,
there should be excellient applications for this product, particularly
in recovering waste heat from flue gases and other exhaust air. It

must be kept in mind, however, that the flue gas temperature in a

lrreq s. Dubin, "If You Want to Save Energy', ATA Journal,
December, 1972. '

Tbid.
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well designed system approaches the minmimum necessary to prevent

condensstion and provide draft.

(6) Replace Outmoded Inefficient Heating
System:

At the time of the heating plant replace-
ment, a re-evaluation of the design heat loss and hot water regquire-
ments should be made. New equipment should closely match the
re-evaluated criteria and not be-sized to duplicate the old equip-
ment,'which may have been or have become mis-sized. Multiple
heating plant design should be considered. Use design considerations

from design of new building criteria.

2. Recommendations:
a. Short Range

(1) Use judgment in selecting outdoor design
temperatures. For winter, consider building heat storage capacity,
insulation, percent glass, occupied hours, daily temperature range,
auxiliary sources of heat, etc. Massive institutional buildings
with little glass should be designed from the current ASHRAE3 tables
for 974% occurrence.

(2) Size heating equipment so that gross output
does not exceed approximately 125% of the net heating load.

(3) When the net heating load exceeds 1,000,000
Btu per hour, use multiple boiler approach.

(4) Design central heating systems to take max-
imum advantage of internal heet loads and thermal lag.

(5) Use as many heating zones as economically

3"yeather Data and Design Conditions”, ASHRAE Handbook of Fundamentals,
1967.
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feasiﬁle. Where possible, use individual unit controls.

(6) Design systems for efficient maintenance
and operation.

(7) Additional Design Considerations:

Eliminate standing gas pilots, utilize

heat recovery for systems with large makeup air requirements, use
separate domestic hot water heating equipment for summer use, de-
velop an effective system to recover flue gas energy and study in-
door désign temperature requirements in more detail when determining
design conditions.

(8) Install local (individual area) controls
in lieu of large zone using currently available loecal control
devices on individual radiation.

b. Middle Range

Institute the development of a low cost, simple
control device which can be installed inexpensively on each piece

of radiation.
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t:.  ENERGY EFFICIENCY IN ELECTRIC SPACE HEATING

1. Discussion:

a. In New York State the major uses of electricity
for space heating occur in high-rise multiple dwelling buildings,
for reheat systems in orf'fice buildings, for unattended vacation
houses, and for temporary heat on construction sites. If electric
resistance heating is used, a very efficient type of electric heat-
system from an energy conservation point of view, is baseboard
electric resistance heating with each element containing its ovm
thermostat. It reacts almost instantaneously to internal heat
gains and outside influences such as solar radiation. Many fan
coil and incremental air conditioning units utilize electrie
resistance heating elements. Alto, central station type of air
handling units have electric resistance heaters or hydronic coils
with separate electric boilers. Electricity can also be used for
heating through use of heat pumps. While conversion of primary
energy to heat is higher through use of heat pumps, efficiency of
utilization and control will be comparable to any other system with
heat generated at a central point.

b. There are unresolved questions about the overall
energy efficiency of electric heating, primarily based on the loss
of efficiency in using fossil fuel to generate electricity which
is further reduced by transformer and transmission losses. One
point of view holds that with fossil fuel responsible for 95% of
power generation, and with 100% efficiency at the resistance heating
element, less than 30} of the original energy is recaptured at the

point of use. With average boiler efficiencies and reasonable
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thermostat and time controls, directly used fossil fuel can deliver
60% to 75% of the potential energ& as heat, thereby saving half the
fuel required in electric heating. Those who favor electric heating
cite the responsiveness of the controls and the efficiency of de-
livery as being able to more than offset that 70% built-in irefficiency
of electric generation and transmission. Those w.o oppose electric
heating also cite the increased energy use at other times due to
the promotional rates for electricity in "all-electric" instéllations.
Those who favor it, also describe its electric load balancing
characteristics. Those who oppose it cite the higher insulation
standards required for it, noting that similar insulation would also
save fossil fuel, if used directly. Also, they note that diverting
of 0il to electric generators to satisfy rapidly increasing winter
peaks can jeopardize the oil supply required for space heating in-
stallations solely dependent on it. More study is required in this
area to determine the relative energy effectiveness of fossil fuel
and electric heating.

¢. This report does not attempt to resolve the
question definitively. An enérgy study comparing primary fuel
usage (that is, fuel necessary to generate the electricity used for
heating versus fuel necessary to heat directly) should be made before
selecting the energy source for heating for any particular project.

2. Recommendations:

a. Short Range:
(1) Establish a professionally qualified in-
dependent investigating group at the national level, with no

commitment, pro or con, to establish the effectiveness of energy
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use in electric heating.

(2) If electric heating is used, use the
baseboard type with each piece of baseboard containing its own
thermostat, resistant type electric heaters in fan-coil units or
resistant type electric heaters in central type heating, ventilating
and air conditioning air handling units, depending on type of
heating, cooling and air conditioning.

(3) Electric reheat should not be utilized.
Variable air volume or heat recovery systems should be considered
in lieu of electric reheat.

(4) Electric heat pumps should be considered
in the contekt of a complete system. (The efficiency of a heat
pump is greater than the efficiency of straight electric resistance
heating).

b. Middle Range:

(1) Evaluate results of the study on the ef-
fectiveness of energy use in electric heating and publicize any

valid recommendations.

c. Long Range:

None.
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D. DESIGN OF COOLING SYSTEMS FOR ENERGY EFFICTENCY

1. Discussion:

a. Since cooling systems are responsible for the
most critical peak of electric usage, any energy savings in this
area have the effect not only of saving non-renewable primary fuel
with its attendant reduction in pollution, but also reduces the
urgency for increasing generation capacity and transmission lines.

b. The usval practice is to desigr heating and
cooling systems based on the ocutdoor conditions which are not
exceeded more than 214 of the time. Systems can be designed for
the 5% condition, except for facilities for the elderly, industrial
process or health care areas. The few hours a year when spaces
are warmer or cooler (le=s than 30 hours a year) than our present
"s<andards" seem a small price to pay for a more energy efficient

system.1

c. Computers should be used in calculating heating
and cooling loads on an hourly basis, for sizing ducts, piping and
equipment. If equipment is over-sized due to excessive manual or
improper computer load calculations, there will be excessive first
costs and inefficiency, especially at part-load conditions. Com-
puters should be utilized to determine the optimum orientation of
the building and the relative energy usage of alternative systems
and construction materials. Safety factors should be used with &
great deal of judgment. Heat storage in the building should be

- eonsidered.

1Fred S. Dubin, "Energy Conservation Through Building Design and
A Wiser Use of Electricity".
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d. Use energy conservation and heat recovery sys-
tems. Select more efficient equipment. There are many energy
conservation systems which are equally effective, regardless of
the source of energy. Since all-electric H.V.A.C. systems consume
more primary energy fuel for a given task than on-site fossil fuel
systems, the potential savings in energy by using energy conservation
and heat recovery is much greater when used with electrical systems.

e. Wherever illumination footcandle levels exceeds
75, consideration should be given to "heat-of-light" systems. All
air "heat-of-light" systems reduce the amount of sensible heat
entering the space and reduce the amount of air which must circulate
in the air conditioningvsystem, thereby reducing fan horse-power
and energy consumption. The wet "troffer" type "heat-of-light"
system saves even a greater amount of energy as well as some capital
costs of the air conditioning system, since it results in a smaller
refrigeration plant, as well as smaller air handling units and ducts.
Both systems reduce the quantity of sheet metal in the ducts.?

f. Large high pressure, high horse-powef, central
fan systems should also be avoided where possible. In place of
large central fan systems, chilled and hot water can be pumped to
decentralized, smaller, low-pressure air handling units, each to
serve & specific area in the building. Space must be provided for
the air handling units, but the piping systems occupy less space
than large duct systems; iIn some cases, the elimination of the large

dnet system permits lower ceiling heights and considerable savings

in building volume - hence less energy consumption for the same

2
Ibid
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useable building araa.3

. Examine the building program to eliminate un-
necessary exhaust hoods. Exhaust hoods are often operated con-
tinuously without performing a continuous function - functions which
could be divided into a smaller number of hoods. There are hoods
available in which outdoor air may be introduced directly, thus
avoiding the necessity of heating and cooling large amounts of
make-up air.

h. Large sensible and latent heat gains may be
reduced by providing hoods at equipment and exhausting excess heat
and moisture from the hoods directly to the outside instead of in-
stalling cooling capacity to handle these loads.

i. Spot cooling may be used, especially in buildings
with small occupancy at specialized tasks, without air conditioning
the entire space. Many laundries have evaporative spot cooling in-
stallations.

j. Alr-cooled refrigeration systems use more energy
than water cooled systems. For each project, a study should be made
to-determine energy consumption of air-cooled versus water-cooled
condensing system.

k. Over-sized heating and céoling equipment use
excessive energy at part loads. Equipment should be selected on
a modular basis, so that smaller pieces of equipment, including
boilers, compressors, cooling towers, pumps and fans are operating
near their peak capacities (i.e. best efficiency) to use the least

amount of energy.

31bid
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1. Large central heating and air conditioning
systems generally use 10% to 15% less energy than smaller decentral-
ized packaged systems. However, proper controls qust be installed‘
so that the same flexibllity of operation can be obtained with the
central system as with individual systems. Large central systems
do permit the incorporation of energy conservation devices to a
greater extent than is possible with many smaller remote systems.h

m. Through-the-wall, window, and packaged air con-
ditioners should be spécified on a Btuh per watt basis, since there
is a wide range of energy efficiencies over the entire cooling range.
For example, the range is about 20% in the 8,000 Btuh models and
about 50% in the 10,000 Btuh models. The minimum acceptable ef-
ficiency should be specified for other equipment such as motors,
laundry equipment, air handling units, elevators, water heaters, etc.5

n. Reduce ventilation at extreme high and low outdoor
temperatures.

o. Use the economy cycle where possible so that cool
outside air is used, rather than mechanically coaling air.

p. Frovide maximum selectivity in controls that will
eliminate cooling andd ventilation of unoccupied areas, adjust to
different occupancy requirements and allow different seﬁtings for
non-occupied areas.

q. Research and Development Needed:

(1) Absorption water chillers presently use

h_ .,
Ibid

up Study of Room Air Conditioners”, N.Y. State Department of Public
Serwice, Sept. 21, 1972.
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about double the amount of energy that electric drive chillers use.
Further development is indicated to reduce energy usage.

(2) The relatiovnship of temperature and humidity
on human occupants of spaces is covered brocadly in the literature.
More research is needed by ASHRAE.

2. Recommendations:

a. Short Range:

(1) Use outdoor design conditions based on
conditions which are not exceeded more than 5% of the time for
most applications.

(2) Refine design calculations (including use
of computers) to avoid over-sizing equipment.

(3) Consider use of heat-of-light systems where
light levels excéed 75 footcandles.

(4) Generally avoid use of high pressure,
high horse-power, central fan systems.

(5) Use direct outside air supply to fume and
exhaust hoods where possible.

(6) Provide hoods at equipment and exhaust heat
and moisture directly to outdoors.

(7) Use area or spot cooling for special
purpose areas.

(8) Study energy consumption of air-cooled
versus water-cooled condensers before selection of equipment.

(9) Design equipment on a modular basis.

(10) When using large central systems, provide

proper controls to maintain flexibility of operation.
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(11) Specify packaged equipment on a Btuh/watt
basis for more efficiency.

b. Middle Range:

(1) Develop more efficient absorption water
chillers.

(2) More research by ASHRAE is needed on the
relationship of temperature, humidity and air motion on human oc-

cupancy.
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E. DESIGN OF VENTILATING SYSTEMS FOR ENERGY EFFICIENCY

1. Discussion-

a. Review of existing standards of ventilation which
are normally utilized in design of buildings has indicated a lack
of uniformity.1’2’3 Apparently, there are no uniform standards which
are acceptable to all. The criteria established has no definite
basis as to their origin or as to how each was determined. Un-
doubtedly, there are psychological, phsyiological, &8 well as other
medical requirements which must be recognized and complied'with in
establishing ventilation standards. Since ventilation plays an im-
portant role in both the heating and cooling loads for all types of
buildings, if a more specific determination of requirements can be
made which will permit reduced venﬁilation critefia; substan-
tial energy would be conserved. In order to implement measures
to reducé the‘émount of ventilaﬁion air, various regulatory agencies
must be willing to accept reduced étandards, and agree on a single
uniform code. As a first steb, the minimum standard in the various
conflicting codes should be éccepted a8 satisfactory. Uitimately,
fhe vhole question of ventilation standards should be reinvestigated,
with consideration given to the introduction of various filters for
odor control, the problem of introducing outside air that is often

of worse quality than the air within the building, the effect of

lnright, Heat, Ventilating and Noise Control”, Article 12, N.Y.C.
Building Code.

2"M’im.m.um Ventilation Standards", N.Y.S. Building Construction Code

3"Systems Guide", Chapter 19; 'Fundamentals Guide", Chapter 7,
A.S.H.R.A.E.
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infiltration, the stack effect of buildings and all other factors
that influence the functioning of ventilation systems.

b. The ventilation required in most commercial and
public buildings varies with the time of day and the level of build-
ing occvpancy. It is only partially predictable. The rate of
ventilation to satisfy odor requirements changes in a ratio of about
8 to 1 depending on whether the occupants are heavy smokers or non-
smokers. Normal occupancy of an office building may occur for only
about 10 hours per day and the use of toilets and cafeterias, where
high levels of exhaust are needed, occupies a correspondingly smaller
fraction of the day. Toilets and kitchens, however, are often
exhausted continuously, and up to six air changes of ventilation
are sometimes used in hallways and public epaces regardless of
occupancy. The need for zoning in ventilation and the effectiveness
of zoning techniques should therefore be investigated with respect
to energy conservation. Sufficient zones of temperature control
should likewise be provided so that areas are neither overheated
nor overcooled. HVAC systems designed for a high rate of ventilation
with outdoor air during mild weather where alr pollution is not an
inhibiting factor, consumes appreciably less energy than systems
which use treated air indiscriminately. A much lower level of
outdoor air can be used during heating and cooling seasons to par-
tially check rising energy costs required to precondition the in-
coming air. Furthermore, a sealed building which can make no use

N

whatsoever of natural ventilation should be re-examined.

2. Recommendations:

h"e=mc2, Government Report of July, 1972.
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a. Short Range:
(1) Replace standard filters with carbon or

charcoal units, with necessary prefilters to vitiate return air and
to filter outside air.

(2) Change minimum fresh air damper openings
to admit one-half the quantity presently programmed, and reevaiuate
its effect on the occupants and thie building heating and cooling
system performance, in experimental rehabilitation design program.
Verify safety requirements (as in garages.)

(3) Utilize chemicals or chemically activated
deodorizers in all toilet rooms and locker rooms to reduce the need
for excessive ventilation.

(4) Educate operating personnel as to normal
and proper operating procedures and expected performance of systems.

{5) Buildings with high ventilation requirements
in certain areas, should be investigated for ways to introduce this
ventilation air directly into the areas of high use.

(6) Zone ventilating systems so that spaces
not requiring ventilation may be turned off easily.

(7) Utilize newly developed equipment such as
filter monitoring devices to indicate system performance and to
shut down-ventilation systems and energize alarm when overloads
oceur.

(8) In building requiring extensive ventilation,
isolate all such devices and/or systems requiring same and inves-
tigate the use of untreated ventilation air introduced directly to

the area where it is to be utilized. Provide central controls
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and/o» clock-activated switches with manual override to turn off ven-
tilating equipment (and other selected electrical equipment and
lighting) that may have been inadvertently left on when the building
is not in use.

b. Middle Range:

(1) The most significant changes to pursue -
would involve the various governmental and municipal agencies to
Jointly modify their existing codes and to reach agreement on
ventilation standards.

c. Long Range:

None.
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F. LIGHTING ENERGY CONSERVATION IN ILARGE BUILDINGS

1. Discussion:

a. In 1970, the electric utilities in this country
consumed energy at the rate of 8;15&,000 barrels of oil equivalent
daily. By 1985, without the implementation of a major conservation
program, their consumption is predicted to increase nearly threefold,
to 23,580,000 Yarrels of oil equivalent daily. In 1970, approximately
25% of the total output of the electric utilities or 2,038,500
barrels of o0il equivalent daily was consumed for lighting purposes.
If the lighting load retains its relative position as a consumer of
electrical energy, by 1985, it will require 5,895,000 barrels of
oil equivalent daily to satisfy its demand. This is slightly less
than 10% of the nation's predicted total energy consumption rate
of all uses in 1985. The significance of the lighting load in the
national energy picture is obvious. The lighting load therefore,
should be a prime target for the energy conservation program.

b. In January, 1973, the I1luminating Engineering
Society, (IES), recognizing its responsibility to the public,
prepared a report1 on the better utilization of energy used for
lighting, all without reducing the quality of lighting design.
Highlights of this report are as follows:

| (1) Design lighting for expected activity.
(1ight for seeing tasks, with less light in surrounding non-working

areas.)

lI.E.s. Report to Ad Hoc Committee on Design, January 2L, 1973.
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(a) The IES recommends values of il-
lunination for visual tasks or a group of tasks in an area. In
the introduction to the master table of illumination recommendations
in the IES Lighting Handbooka, the followlng statement is made:
"While for convenience of use this table sometimes lists locations
rather than tasks, the recommended footcandle values have been
arrived at for specific visual tasks." Also, "Supplementary

luminaires may be used in combination with general lighting to

achieve these levels. The general lighting should be not less than

20 footcandles and should contribute at least one-tenth the total
i11lumination level."

(b) Where task positions are fixed and
known the lighting should be designed accordingly. However, see-
ing task locations are not always known so that it often becomes
necessary to install task lighting at all probable task locations
using a genéral overall lighting system.

(¢) Where task lighting is provided,
recommendations concerning luminance (brightness) ratios should be
considered in determining levels for non-task area lighting.

(2) Design with more effective lighting
fixtures, windows and skylights.

(a) Lig&bing fixture, window and sky-
light lighting effectiveness depends on how well the light provided
enhances the visibility by reducing velling reflections (reflections

which will partially hide the details of a task and lower the task

2nlevels of Illumination Currently Recommended”, IES Lighting
Handbook, 5th Edition, 1572, Fig. 9-80, pp 9-81.

A-32



DESIGN

contrast) and disability glare (1light scattered in the eyes pro-
ducing a haze to look through--such as experienced with oncoming
headlights at night).

(b) It has been found, for example, that
polarized light and lighting from the side by luminaires of specific
design can enhence task visibility by reducing veiling reflectiens.
Conversely, a heavy concentration of light from overhead and forward
of the task can produce a high degree of veiling reflections.

(e) Well shielded (low brightness) lum-
inaires can eliminate disability glare, whereas bright, unshielded
windows near the line of sight can produce significant disability
glare.

(a) Iighting fixtures that consume equal
wattage and provide equal illumination levels may not provide equal
visibility of seeing tasks. Two IES reports have been published
covering the evaluation of the visual effectiveness of lightiﬁg
systems.3’h A computer program is available with others under
development, to simplify the evaluation process.

(3) Use efficient light sources (higher lumen/
watt cutput).

(a) For incandescent lamps, higher wattage
lamps are more efficient.

L40-watt general service produces about 11 lumers/watt input.

3"A Method of Evaluating the Visual Effectiveness of Lighting
Systems", RQQ Report No. 4, Illuminating Engineering, Vol. 65,
August, 1970, p.50k4.

h"The Predeterminatiocn of Contrast Rendition Factors For the
Calculation of Equivalent Sphere I1lumination"”, RQQ Report No. 5,
Journal of the IES, Vol. 2, January, 1973, p. 149,
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1000-watt general service produces about 22 lumens/watt input.
Therefore, in design consider use of fewer and higher wattage lamps.

(b) For fluorescent lamps, longer length

lamps are more efficient.

Two 2hk-inch cool white lamps produce 50 lumens/watt.

Two 48-inch cool white lamps produce 70 lumens/watt. -
Two 96-inch (800 mA) cool white lamps produce 73 lumens/watt
Therefore, in design, consider use of longer length lamps.

(e) For HID lamps (high pressure sodium
and metal halide) higher wattage lamps are more efficient.
400-watt phosphor coated mercury produces about 50 lumens/watt.
1000-watt phosphor coated mercury produces about 55 lumens/watt.
400-watt metal halide produces about 75 lumens/watt.
1000-watt metal halide produces about 85 lumens/watt.
400O-watt high pressure sodium produces about 100 lumens/watt.

(d) For overall design, consideration
should be glven to the use of more efficient sources such as
fluorescent and HID.

(k) Use more efficient light fixtures. More
efficient luminaires produce a greater amount of light on the
task with less wattage. For example, as shown in the chart

below5

,» in a given room, incandescent indirect light fixtures may re-
guire a load of 1l watts per square foot of floor area to produce
a 50 footcandle level, but direct fluorescent troffers may only

require a load of about 2.5 watts per square foot.

SIES Lighting Handbook, 5th Edition,: 1972, pp 16-19.
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Chart: Comparison of Lighting Fixtures
(5) Use thermal controlled lighting fixtures. By
using fixtures with air or water heat transfer capabilities, heat
from fixtures can be exhausted before entering an occupied space
in warm weather or convereely, the heat can be utilized in the oc-
cupied space in cold weather. ' By integrating the lighting and air
conditioning systems, less room heating and cooling lomsd should he
required. The IES report, "Lighting and Air Conditioning", covers

the theory and application of heat transfer lighting equipment..6

6Prepared by the Committee on Lighting and Air Conditioning of
the IES, Illuminating Engineering, March, 1966. (Currently under
revision.)
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(6) Provide flexibility in the control of
lighting. Use separate and .convenient switching or dimming de-
vices for areas that have different use patterns. Photo-electric
control of the electric lighting should be considered where adeguate
daylighting is possible.

(7) Select lighting fixtures which can be
cleaned easily and lamps with good lumen maintenance. Select
lighting servicing plan to minimize light loss during operation .

and thus reduce the number of lighting fixtures required.

2. Recommendations:

a. Short Range:
(1) Design lighting for expected activity.

(2) Design with more effective lighting fixtures,
windows and skylights.

(3) Use efficient light souices (higher lumen/
watt output).

(4) Use more efficient lighting fixtures.

(5) Use thermal controlled lighting fixtures.

(6) Provide flexibility in the control lighting.

(7) Select iighting fixtures with good clean-
ing capsbility and lamps with good lumen maintenance.

b. Middle Range:

(1) Refine 1light level criteria to include
maximum, as well as minimum standards.
(2) Develop more «fficient light producing

gources at all intensities.
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c. Long Range:

None.
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G. EFFECT OF INSUIATION ON ENERGY UTILIZATION

1. Discussion:

a. Walls and roofs form the envelope of bulldings
and protect the interior from the elements. Through the walls and
roofs there is & constant trasusfer of energy resulting from temper-
ature differentials between the interior of the structure and the
outside ambient conditions. The rate of energy transfer through
the walls and roofs is a function of the material components and
the difference in temperature.

b. In all cases the measure of the wall or roof
units capebtility té transfer energy is measured by its overall
coefficient of heat transmission or "U" value.

c. Heat transfer through the exterior envelope, in
addition to the energy transfer which takes place through the wall
section includes the energy transfer through the windows (glass)
and through inflltration or exfiltration of air through cracks or
window framing.

d. To reduce the enefgy transfer through the en-
velope of the building, the "U" value of the walls, roof, and
windows must be as low as can feasibly be attained. The intro-
duction of insulating material has the effect of decreasing the

"U". value of the wall or roof.

e. In the case of glass, reduction of energy trans-
fer has been accomplished by using double or triple glazing, addition
of storm windows or by the use of thermopane type glass. Since ‘

glass, even double glazirg, has a higher "U" factor than most solid
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walls, the reduction of glass areas will generally result in lower-
ing of overall "U" factors. This decision must be made Wwith con-
sideratioun of the trade-off factors - psychological, natural light
gain, building appearance, solar heat gain in winter, cost, ete., -
weighing the advantages of glazed areas that are given up . the
reduced thermal transfer.

f. In general, temperature requirements in spaces
are governed by codes. Minimum insulation standards or heat
transfer performance standards ("U" factors) for walls and roofs
are generally governed by requirements of sponsoring agencies and
lending agencies. Computational methods established by the Ameriecan
Society of Heating, Refrigerating and Air Conditioning Engineers,
(ASHRAE) are generally accepted. Determination of what materials
or assemblies to use to satisfy both of these requirements is gen-
erally within the discretion of the designer. .

g. Adding insulation can reduce heat transfer in
walls and roofs to the point where an insulated space inay require
only one quarter to one half thé heat input that the same space

would require if 1t were unihsula.ted a8 indicated in the fo;!.lowing

./‘

comparisons:

Type of ~ "U" Value "U" Value ,
Constrmiction {No Insulation) (With Insulation)
Frame Construction 0.23 0.07
Soﬁd Masonry (L4B) 0.29 0.13
So}id Mesonry (LD) 0.16 0.13
Cavity Wall (LE) 0.21 0.07
Masonry Roof 0.22 0.11

“Wood Flat Roof 0.17 0.04

" Metal Roof 0.ho 0.15

TABLE N(_)./l: COMPARISON OF WALLS AND ROOFS WITH AND WITHOUT INSULATION. !
1 _
@ Ainnex Al

, -




DESIGN

The amounts of energy savings possible were checked against a
hyi)othetical 100 foot by 200 foot masonry walled building

with and without insulation and double glazing. A 49 percent
saving was indicated, almost & third of which was attained through
the double glazing. Since increased insulation reduces fuel con-
sumption with the attendant reduction in health-endangering air
pollutants, hydro-carbons, etc., there may well be a legal basis
to set insulation (or "U" factor) requirements by code to protect
public health. A goal of 50 percent reduction in heat loss by
conduction is practical.

h. ' Three inches of insulation on a previously un-
insulAhted building may reduce the heat loss of the insulated sur-
faces by 80 percent at normal design temperatures. Thicker, more
massive wa:ils and roofs not only improve the insulation value, but
reduce noise transmission as well. The workmanghip attained in
the construction of buildings and the appropriate use of sealants,
gaskets, weatherstripping and good Joint design signiflcantly affects
the overall leakage and the resultant heating and cooling requirements.
Cavity walls can be insulated and basement slabs should be considered
for insulation. If hung ceilings.a.re required under the roof,
insulation at this point may significantly decrease thermal trans-
missiow at nominal cc;sf:..2

i. The actuel savings of insulatigg 8 building
properly to conserve encigy shbuld be calculated b;\a\cost/b’enefit

ratio analysis explained ia Paxrt E of this appendix.

2"e=me2", Government Report, July, 1972.
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J. See detailed report in Annex Al, titled -
"Outside Walls, Roofs and Insulatilon Considerations", Nov. 8, 1972.

2. Recommendations:

&. Short Range:
(1) Require storm windows or double glazed sash,

on new and e;isting buildings.

(2) Require insulation in walls and roofs of
new buildings and where practical in existing buildings.

(3) The above insulation should be specified
using insulating materials based on a goal of & 50 percent reduction
in the building heat loss by conduction.

(k) That the above recommendations be on a
voluntary basis for a limited period of time, say five years, then
be mandatory.

(5) 1r economic studies are favorable, in-
stitute program of tax relief for compliance with increased in-
sulation standards. It should be noted that the effect of tax
incentives will be very minor in regard to the overall tax base
and would be in force for only & relstively short period of time.
Precedence currently exists for similar business tax credits under
the New York State Commerce Department's Job Incentive Program.

b. Mddle Range:

(1) Originate’a study‘to develop minimum "U"
values for walls, roofs, floors and windows. It is recommended
that a single national agency, such a&a the Building Research
Institute of the National Bureau of Standards undertake this effort.

The State should participate in it, rather than duplicate it.

o
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c. Long Range:
(1) Following ~ompletion, New York State should

utilize the results of the above study and require the use of these
minimum "U" values in new comstruction through legislative or other

action, as required.
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H. REDUCTION OF HEAT LOSSES AND HEAT GAINS AT BUILDING
ENTRANCES A1D LOBBIES

1. Discussion
Reat losses and heat gains at building enmtrences
are csused mainly by air infiltretion. Oondwction is of minor
consideration. JInfiltretion is due to wind forces and temperature
difference forces. These forces Are greatly influenced by entrance
traffic mte, height of dbuilding, type of doors, vestidbuler, air
balance of supply and exhaust systems, tightness of the building
envelope, orientation of the entrances, shielding from wind by
adjacent structures, etc. Many of these fuctors are beyond the
desiguer's control, but shoula de considered if feasiblke. En-
trance infiltration may be reduced by one or & combination of
the following methods:

a. Reduce the pressure differential across the .
entrance by sealing or tightening other parts of the bdbuilding
envelope. There should be no infiltration across entreances in
buildings no mater how tall they are, so long as tho_ir envelopes
are 100 percent tight. Apparently, most of the conventional
buildings are not 100 percent tight and have & matural draft
factor of 0.7. The maturel draft factor is the ratio of the actual
to the theoreticel draft available. It was alsc observed that a
presumably tighter-than-averege building has a lover draft factor.
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The building testedl was of metal curtain-wall construction and
had windows which were tightly sealed by inflated gaskets. The
lower natural draft factor was probably due to the tightly sealed
windows rather than to the curtain-wall construction.2 Unfor-
tunately, data are not complete enough to permit quantitative
correlation. Also, the criteria for tightness of the building
envelope have not been eatablished. The envelope of a building
must be as tight as possible if a reduction in infiltration is to
be achieved.

Against this, if the natural exfiltration of the
building is considered part of its ventilation cha;ucteriltics »
there may be a simplification of the ventilation requirements
described in section E of this appendix, without requiring an
upgrading of performance of the building skiu. Just as a perfora
ated ceiling below & plenum can surply distributed air into a
space, 850 a building skin that allows a predictable amount of air
to pass through it to the exterior can be considefed to contribute
to the air change requirement for that building.

b. Reduce vertical airflow by sealing shafts,
openings between floors and ilolafiﬁg and sealing elevator lobbies
from entrances and other lobbies. The level of the neutral zone
depends on the vertical distribution and resistances to air flov

of openings through which inﬂ.ov and outflow can occur., If the

1‘1‘. C. Min, "Winter Infiltretion Through Swinging-Door Entrences
in Multi-Story Buildings™, ASHRAE Trensactions, Vol. 64, 1958, p. L21.

23, E. Emswiler and W. C. Randall, "Pressure Differences Across
Windows 1g Relation to Wind Velocity", ASHRAE Transactions, Wpl. 36,
1930, p. 83.
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openings are uniforaly distributed vertically, the neutral zone
will be at the mid-height of the enclosure or bu:l.lding. If there
are no space separations, or if their resistance to flow is smell
(the usual case),a building acts s a single chimney. If the
. spaces (floors) are isolated commletely from one i.nothdé, each has
a separated chimney effect and neutral zone independent of othors.
In most cases there is some degree of interconnectian of spaces,
and the pressures v:l.tiﬂ.n a spuce are affected by the action of tre
~ building as a ¥hole, Thus, the nrticil distridbution of pr :asure
differences across the wvalls of a building depends upon the re-
sistance to flow of horizontal and vertical space separations as
well as the vertical distribution of openings. Thus, if infil-
tration is to be reduced, particularly at entrances, it is im-
portant to reduce natural vertical air flow within the building
toa ninim..l

c. Seal sntrances by using the proper type of
entrance doors which allow <treffic but seal flow of air. This
appears to be practical and effective. Infiltretion through s
revolving door (except a small portion post tho door seals) is
almost unaffected by the height of the building, the difference
in pressure between the indoors snd outdoors, and fan operation.
From a typical exasple given in the ASHRAE Guide,3 the infiltretion
- rate throp_\gh s siringing door is about 900 cubic feet, per person
for a ning;.e bank entrance, and 550 cubic feet per person for a

3Aém!: Handbook of runm, Capter 25, 1967.

-
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vestibule type entrance. Under same conditions, the infiltration
is about 60 cubic feet per person for a manually revolving door
and 32 ¢ubic feet per person for a motor drivem type. In other
words, the revolving door is essentially a adood air lock, The
infiltretion rete is primarily the amount of the displacement of
air produced by the revolviag of the doors.

Alr Curtain entrances may be used at entrances with
high vplmea of traffic and low pressure differential between
indoors and outdoors. Two important factors influencing the pres-
sure differential which an air curtain must work against are the
height of the structure and ius orientation.

d. Among the energy trede-offs to be considered
are amount of energy to run fans and heat or eool air currents
against the amount required for the make-up air to replace sir

" lost at entrances with other types of doors.

e. Provide the proper balance of supply and ex~
haust air for the building. An increase of supply over exhaust
air will lower the neutral level in mlti-ltozv buildings and
hence lower the pressure differential at the emtrances. However,
it is not economically feasible to0 use excess ventilation air

‘merely for pressurizing tall buildings to elimimate infiltretion

problems, '

f. A recent design innovation was used in a 17
story building in Utica, New York.! The return air pressure at
each floor is regulated by means of automatic dampers at each

l‘lve'v_v York State Office Building, Utica, New York.
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floor, controlled by individual static pressure regulators re-
ferenced to atwmospheric pressure, Each floor's return air pressure
is set at 0.05" to 0.16" positive static pressure. The air con-
ditioning system is a high velocity type, utilizing air pressure
reducing units on each floor. The stack effect is completely
controlled and there is no infiltration.>

g. The magnitude of energy saving was computed
for an upstats office building,182 feet high witi: 700 occupants,
comparing single bank swinging doors and revolving doors at
entrances. The revolving doors will save 670 million Btu per
yetr.6

h, 7Tve design of the entire building affects the
apount of infiltratic. at building entrences. A tight dbuilding,
ctmm constructed with well planned entrances will have much
lower infiltration at building entrences with minimum heat losses
and heat gains at the entrunces. The type of HVAC system will
have a great effect of mﬁltrition.

2. Recommendations
a. Short Mange:
(1) Instalil revolving doors or entrance

vestibules to replace single bank doors in new and existing
buildings which have infiltration problems n'f. entrances.

(2) 1In new and existing buildings, seal the
building envelope, particuiarly at upper t.oors, so &s to obtain

50. J. Busch of Barber Colman Company, "Applying Static Pressure

Control in Building Areas and Duct Bylt- s AlP Conditim and
Hesting, April, 196k. -~

slcw York State Office Building, Watertown, New York.
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s tight building, if the building is designed as & sealed building.
(3) Review contract documents of buildings
under construction to insure that the buildings will be of tight
constmction with proper entrances. Assure contract documents will
provide minimus heat loss¢s and heat gains at entrances. |
() Review design of the HVAC systems for buildings
under construction to determine if changes would be beneficial in con-
trolling infiltreation at entrances, -
b, NKiddle Range:
| (1) More coordination between architects sad
engineers in the design of entrances, lobbies and dbuilding tightness
should bde devsloped through an educational process.
| (2) ‘The design of HVAC systems should include
control of interior static pressure throughout the structure, |
c. long Mnge:
. ﬁone.

A-48



DESIGN

I. EFFECT OF BUILDING MATERIAL SELECTION
ON ENERGY UTILiZATION

1. Discussion

a. It is evident that the building industry, rep-
resenting ten percent of the Gross National Prodiict, is a large
consumer of energy. In fact, 12 percent of indusurial use of
electric power is directly the result of the securing, processing
and installing the materials that make up our bulldings.

b. It 1s known that certaln maerials use large
amount.s of energy in their manufacture, and that there are other
materials.kﬁﬁt<perform similarly that use less energy per unit.
Among those in the first category are aluminum, plastics and syn-
thetics, principally those from & petro-chemical base. A 1list
should be developed of interchangeable choices of materials,
noting energy requirements of each per unit, for distribution to
the design professions. Use of materials with lower energy require-
ments to produce and/install should be promoted. It requires
approximately six times as much electric energy to produce a ton
of aluminum as compared to a ton of steel. 1In his analysis of a
highrise building,1 Richard G. Stein, FATA, indicated tMat its
skin woulgvreqnire 5.75 million pounds of stalnless steel which
takes 0.77 million KWH to produce, compared to only 4 million

pounds of'aluminum, but which takes 2.1 million KWH to produce.

1rSpotlight On The Energy Crisis: How Architects Can Help",
ATA Journal, June, 1972, pp. 18-23.

A-49



DESIGN

¢. Bullding design components are often structurally
excessive or unresponsive to the shapes demanded by structural con-
siderations. Take steps - conferences, research, test procedures -
independently and with other groups to improve efficiency of
materiel usage.

\ d. Energy consumed in the building industry can be
reduced as follows: |

(1) |DMore efficient structural analysis of
materials. '

(2) Elimination of redundancies.

(3) Selection of a material for assembly above
another witt similar performance characteristics on the basis of
comparative energy intensities.

e. A bullding materials energy conservation research
organization is required. One of its major functions would he to
develop a better understanding of how energy is used through build-
ing products. Different aspects of its work should include assess-
ment of present products and building methods, development.of new
concep:s and materials, education in the use of these new items of
information (research in control and energy delivery systems are
discussed under other sections of this report).

It is recommended that a single national
agency, such as Bullding Research Institute of the National Bureau
of Standards underteke this effort. The State should participate
in it, rather than duplicate it. 'The architectural and technical
schools can develop curricula and research programs that tie into

this organization.

A-50



\ g
i -

DESIGN

f. A program to promote uﬁe of low energy materials
is necessary. The State, with the aid of the Architectural and
Engineering Professional Socleties, coﬁld set up regional seminars
on energy implications of design. Publications describing energy
requirements of building materials selection should be written and
distributed to architectural and engineering schools across the
Country. The cost of preparing such a publication should be borna
by the State and/or the Federal Governmunt.

2. Recommendations:

a. Short Range:
(1) Develop a 1list of interchangeable choices

of materials, noting energy requirements of each per unit for dis-
tribution to the design professions.

(2) Promote use of low energy requirement
materials and assemblies through the architectural and engineering
schools.

(3) Reduce energy consumed in the building
industry by using the abowe information and through more efficient
structural analysis of materials and elimination of redundancies.

(4) Organize a building materials energy con-
servation research organization to study energy use in building con-
struction. This should be done at a national level.

b. Middle Range:

(1) Develop in more detail the 1isting of
energy characteristics of bullding components. Research is under-
way, both in'building design fields and in other fields. Coordinate

and tie in these activities.
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(2) Publicize the results of building materials

energy conservatioin research organization.

c. Iong Range:

one.
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J. ENERGY EFFICIENCY THROUGH HEAT RECOVERY

1. Discussion

a. Electric energy now is ge-nera.lly purchasead frdm
utility companies for lighting; and power and in some cases for
cooking, air conditioning, hea.tihg, ventilating and domestic hot
water heating. Whcn not by electriclity, space heating is supplied
by individual o. central bollers or furnaces burning coal, gas or
0il; cooling (air conditioning) by fossil fuel fired compressors or
ebsorption units and cooking and domestic hot water heating by
fossil fuels. Energy used in buildings is either produced in the
building in the form of electricity,. steam or hot water, or it is
purchased from an outside utility. At presé'r’lt , production of energy
causes some environmental pollution. Fossil fuel - gas, oll or coal -
fouls the environment with the products of combustion. Nuclear
power generation produces some thermal pollution of water, some
small radioactive emissions and radiocactive waste disposal prob-
lems. Hydraulic power plants flood large acreages above the dams.
The more energy we usé, the more ecological problems a.ré compounded.
Wasted energy, not only adds to the pollution problem, but acceler-
ates depletion of our availuble natural resources. The U. S. Office
‘of Secience and Technology estimates that space hea.ting; .coo]ing,
domestic hot water, illumination and power in residential and com-
mercial buildings consume about 30 percent of the nation's total
energy and contribute substantially to air pollution by emissions
of sulfur dioxide (SO,) and sulfur trioxide (so3) ; nitric oxide (NO)

and nitrogen dioxide (NOZ); carbon monoxide (CO); unburned hydrocarbons
- (HC); particulate; and other fluid and solid pollutants.

Q . v y
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b. Virtually all energy utilizations involve heat
transfer systems. When tﬁerc is an inefficiency it means that
potential encrgy is lost for use, that the energy itself becoues a
pollutant and that more energy is needed to remove it or offset it.

_ Heat recovery systems and devices are used primarily to increase the
efficiencr of energy use Q.nd, therefore, reduce the amount of input
energy required to do necessary tasks. These are sometimes lumped
toggther as Total Energy Systems. The term is & misnomer. ASHRAE
describes Total Energy as follows:

"Total energy is a term designating on-site
electrical generating systems arranged for the maximum utilization
of input fuel energy by salvaging by-product or waste heat from
the generating process." An excellent report on total energy is

available. 1

c. There are, in addition to total energy systems,
ﬁxany other examples of waste heat that can be recovered with signirfi-
cant . savings in energy use.

(1) A1l air conditioned systems reject heat
to the outdoors. In most céses, the refrigeration‘ equipmeht is
water cooled with condenser water leaving the condenser at temper-
atures from 90 degrees F. to 130 degrees F., depending on the type
of drive and design criteria. Thls condenser water can easily be
used for preheating domestic liot water by about 30 to 40 degrees F.

and can also be used for reheat in sumrer. If available in winter,

the condenser water can be used for space heating. In many cases,

Lpotal Energy Technical Report No. 2 - Educational Facilities’
Leboratories, Inc., 477 Madison Avenue, New York, N,Y, 10022,
- Library of Congress Catalog No. 67-17121.

Q
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25 percent or more of the heat required for domest:ic hot water can
be reclaimed from an air conditioning system.

(2) In bulldings using steam, domestic hot
water can be preheated by the steam condensate and the amount of
heat recovered could be as much as 100 percent, depending on the
amount and temperature of the condensate.

(3) So called Total Energy Systems reclaim
some of the heat lost by fossil fuel in generating steam used for
turbo generators, or utilizing hot exhaust from gas turbines for
useful purposes. A Total Energy System burns its fuel first in its
engines. About 30 percent of the fuel's heat energy is converted

to mechanical power. Then, instead of throwlng the other 70 per-

| cent into the air, this "waste heat" is reclaimed for other purposes.

This is possible if the generator is near the secondary user of heat.
It is not practical to transport steam and hot water over long dis-
tances of many miles. To save a substantial part of this 70 percent
of "waste heat', the engines must be reasonably adjacent to the
place where heat is required. Moreover, the use for the heat must
be reasonably constant so that the waste heat can be redirected as
it becomes available. Ioad profiles should be analyzed on an hourly
basis. |

(4) There are cases where a utility plant,
located in the heért of a blg city, supplies not only electricity
but also steam, hot water, ard chilled water (cooled in absorption
chillers) to an area of the inner city adjacent to the plant. This
is Total Energy on a large scale. Most large utility company plants

have no such energy-ﬁuing neighbors. Their "waste heat" is rejected
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into the alr or into the water. The locating of large generators,
varticularly nuclear generators, near population concentrations has
many practical difficulties that work againaot ﬁhe Total Energy con-
cept; however, this locating should be strongly considered. Where
decentrallzed power plants can éupply the base electrical load
through waste heat recovery systems, they can suppiy a major por-
tion of the energy for large bulldings. Even though such generators
may be less efficient than large centralized ones, they can save up
to half the fossil fuel used in conwéﬁfional systems, Several un-
related factors, including an increasingly greater use of sir-
conditioning and an increased number of large scale public-owned
and dwner-built housing, remove some of the major constraints which
have mitigated against the broad application of Total Energy systems.
There is a need for a screening manusl which readily indlecates the
relative economic feasibility of Totel Energy systems. Total Energy
systems that can supply the base electric power and lighting load,
can also supply all or a portion of the other energy requirements,
in the form of heat for space heating, cooling and domestic hot
water heating at little additionel n~ost or expenditure of energy.
(5) vnere incineration of refuse and waste
takes place, either at a building complex or a central plant, the
resulting heat can be recovered and reused.- An example is the in-
cinerator under construction in Nzshville, Tenn., which will power
a water-chilling and heating system for its downtown urben renewal

area.

2Beverly Briley, Mayor, Nashville, Tenn., "We W1l Air Condition
and Heat With Garbage", The American City Magazine, November, 1972.
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(6) The heat of heated air that is exhausted
for ventilating purposes carn be recaptured by thermal wheels or other
heat transfer devices.

(7) Heat gliven off by lights cen be used for
space heating or other useful purposes.

(8) The heat given off by refrigerating plants -
not only air cooling plants, but refrigeration plants as well, - can
be recleimed. (One supermsrket chain has announced that most of
its heating can be takan care of by heat released by cooling the
various freezers).

d. ' Three wernings are necessary in regard to energy
savings through heat recovery: |

(1) The recovered heat that can be used for
space heating in winter, requires additional cooling in summer.

For example, in genéral, the amount of hea% necessary to cool the
heat of lights in summer is greater then the energy saving in heat-
ing in winter.

(2) Even minimal use of recovered energy thet
would otherwlise be wasted will improve overall system efficiency.

(3) For maximum benefit firom heat recovery,
the secondary demand must always be ready to us2 up the otherwise
wasted energy produced by the firét use. |

2. Recommendations:

a. Short Range:
(1) Recognize that there is energy available

within buildings which can lLie recovered ané reusad, thereby reducing

primury energy requirements.
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(2) Use heat recovery principles in dasigning
heating, ventilating and air conditioning systems.

(3) Investigate the use of heat pumps in
buildings.

(4) Investigate scale suitability for using
total eneriy systems.

b. Middle Rarpu:

(1) Develop new equipment that uses original
fuel more efficiently. ’ ‘

(2) Develop more components with built in
devices to recover heat.

(3) Conduct research to reduce the scale for
efficient "total energy" production, including packaged units.

c. Long Range:
None.
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K. COST/BENEFIT RATIO ANALYSIS IN ENERGY CONSERVATION

1. Discussion:

a. Design decisions have in the past been heavily
influenced by their impact on the construction or firast cost of
the building. Maintenance was considered mostly in terms of re-
pairing and replacing building components due to the attrition of
time and use. Tecday, because of the grster»deundn, reduced
supplies, and increased costs of enorgy sources, energy use has
an important effect on the overall or life cycle ecoromics of a
building. If the cost of a building is considered to be its com-
plete cost through its whole life it becomes apparent that there
are important economic gains if the building incorporates less
energy requirements in its design. For convenience of computation
we can use 50 years as a building's life,. s span recognized by
many mortgages, even though building life often exceeds 50 years.
Most. universities have major bulldings over SO years old. The
Woolworth building is §0 years old. The Chryaler building is
43 gnd some buildings in Rockefeller Center are already U2 years
old.

Our treditional method cf economic Aecisions
obscures this relationship. In écvermenh, and many arees of
the private sector, capital and operating budgeti are nomeally
separated and financed differently, In institutional building,
building costs are almost considered solely as initial, visible
contract costs. In speculative building, there is a ccmparative
market adventage to a low initial cost, disregarding llifetime
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cost implications.

| S8ince overall operational cost savings will -
also reflect long term energy savings, the cost/benefit ratio
analysis becomes an important tool in energy conservation. While
it does not contain specific building design recommendations, it
helps to identify and justify meny of the decisions recommended
in earlier sections of this report.

b. Selecting the energy supply system for a build-
ing is detexmined by an effort to provide the highest levels of
performance txj‘roughout the structure. The search to satisfy
increasing requirements has made it possible to maintain a wide
range of selected imterior conditions within very close tolerance.
However, the attempt to improve cost/benefit ratios has not always
resulted in energy conservation teehniques, since the decision may
be governed by a too short-term fremework. When the decision is
overburdened by low ﬁmm cost considerations, long-run financial
economies or optimum energy use will generally be overlooked. fhr-
ever, the wost effective use of energy resources does not invar-
iably increase first cost. The approaches to improving energy
conservation are worthy of the Architect/Engineer's most determined
efforts and suitable rewards would stimulate the work.

c. Frequently the alternate wvays of meeting
building construction needs have comparative implications that are
apparent 80 that the decision is relatively straight forward.
 Building enmergy supply and delivery systems, however, are more
complex and will have significant differences which are not self-

evident. Therefore, it is necessary that the altefnates submit
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to rational analysis if the effects of variztions are to be sys-
tematically explored. Many .factors (some unique to the structure -
to its occupents and use) are pertinent to the specification of the
proper system. A prudent decision is dependent upon an evalwation
that 1s mede more difficult since it is impractical to reduce all
differences to monetary terms,

d. Accurate detormination of energy requirements-:
or fuel consupption of the mechanical systems devices and electri-
cal apvaratus is viial if the primary objective is to optixize
energy use.. A high degree of accuracy can be attained by using
an integrated energj analysis computer program, preferably one
that permits manual verification. Failure to select the proper
system can result from incomplete or mislesding conclusions, ard
not only condesn the instaliation to the consesquences for many
years, but also reflect unfavorebly on the decision maker.

| e. The following are the essential steps in a
comprehensive analysis prodédure to assess alternmate building

energy supply systems:

(1) Determine Overall Energy Requirements |
(2) Make Selection of Systems and Equipment
for Comparative Analysis
(3) Develop Equipment Enewgy Consumption
(4) Make Economic Compariscas |
(5) From the Above Make Final Selection
of Optimum Systeus and Equipment
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f. Intelligent use of a detailed analysis pro-
cedure will permit the decision maker to (1) Integrate design
point calculations of peak thermal and electrical loed in order
to make a reliable estimate of hourly, monthly and annual energy
requirements; (2) Determine the energy consumption of various
types of systems which may be msed to meet those energy require-
ments; (3) Compare the total owning and operating costs of the
various gystemr being considered. If the input data is wvalid,

& sound basis for co-ptﬁuon is established. The objectivity of
procedures should be verified by separate calculations; thereby
providing the user confidence to make a better energy utilization
decision. Proper fees should be allocated to Architects and En-
gineers for this sdditionkl analysis, which will more than pay for
itself in reduced energy requimehtl.

2. Recommendations:

a. Short Range:
(1) All State agencies involved in building

ehould require a 50 year cost/benefitanalysis sdudy for each
major project including an isclated study of energy use. Design
fees should be increased to permit both the comparative studies
and the copt/beneﬂﬁ anslysis.

(2) Since this is a new area of study, the
State shoulld authorize several such studies on a time basis to
establish costa for such a study.

(3) All building programs assisted by State
funding (housing, schools, medical facilities, etc.) should be
required to ~omply in & similar manner. T
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(4) The private sector, particularly banks
and insurance companies that provide mortgages for speculative
building, should be encoursged to require wnt/beneﬁt_:mlyiil
before granting loans. | )

b. Middle Fange:

(1) A central data bank should be set up to
record and analyze cost/benefit performance according to building
type and location. This should be part of & national agency such
as the Building Research Institute.

c. long Mnge:

(1) The results of the above aralysis should

be studied and publicized.
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ANNEX Al

OUTSIDE WALLS, ROOFS AND INSULATION CONSIDERATION

\Walls and roofs forr. the envelope to give bulldings identity
and protect the interlior from the elements. Through the walls and
roofs there is a constant transfer of energy resulting from temper-
ature differentials between the interior of the structure and the
outside ambient conditions. The rate of energy transfer through the
walls and roofs is a function of the material components and the
difference in temperature.

In all cases the measure of the wall or roof units capability
to transfer energy is measured by its dverall coefficient of heat
transnission or "U" wvalue. The "U" value is usually expressed in
British Thermal units (BTU) per hour per unit area (square foot)
per degree fahrenheit (°F) temperature difference between air on
the inside and air on the outside of the combination of materials
and also to singte materials, such as window glass and includes the
surface conductance on both sides. i

Heat transfer through the exterior envelope, in addition to
ﬁhe energy transfer which tekes place through the wall section,
should include the energy'transfer through the windows (glass).

The latter should take into consideration the additional transfer
due to infiltration or exfiltration of air through cracks or window
framing. |

It can be generally stated that in order to reduce the energy
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transfer through the envelope of the building, that the "U" value

of the walls, roof and windows must; be as low as can possibly be
attained using presently known techniques of design and construction
with the materials available. One widely used method for reducing
the "U" value of walls and roof is to introduce lnsulating material
which has the ultimate effect of decreasing the "U" value of the
wall or roof. In the case of glass, reduction of enefgy transfer
has been accomplished by using double glazing, addition of storm
windows, use of thermaopane glass or, by reduction of the glass ares .
to the minimum area consistent with Code requirements.

Codes and Standards

a) On the question of heating and insulation, the New York
State Building Code requires compliance with applicable provisions
of accepted standards. The accepted standards are identified as the
"Guides and Data Books' of the American Society of Heating, Refrigerat-
ing, Ventilating, and Air Conditioning Engineers, and the National
Fire Protection Association Standards.

b) The New York City local Law No. 76 (N.Y.C. Building Code)
in addition to stipulatihg that the calculations for heat requirement
be in accordance with the ASHRAE Data books, further stipulates the
minimum temperature requirementé for spaces depending on the.use of
such space.

" e¢) In view of the above it is evident tha: in any given building
design situation, the designer has a liberal choice of materials
and/or combination of materials which he can use to form the build-
ing envelope. His expertise in coﬁbination with that of his con-
sultants will determine the relative amount of the energy require-

ments to satisfy the design conditions set up.
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d) Design Standards - Many Governmental sgencies, amomg them
the Division of Housing and Community Renewal have published Design
Standards, which stipulate the minimum requirement for walls, roofs
and energy transfer requirement for same.

Present bullding design and construction practices rely on a

number of accepted and basic wall and roof types. Among these are

the following: ’
Walls | Roofs
1- So0lid Masonry Units 1- Concrete slab with
weatherproofing
2- Cavity walls 2- Concrete slabs with

spplied exterior and/
or interior insulation

3- Curtain walls 3- Sandwich panel
a) Single skin type :
1) Metal clad-on frame
2) Transite cover-on frame
b) Sandwich type

4- Glass exterior k- Prefabricated insulat-
Heat reflecting . ing panels
Heat absorbing

5- Wood frame roofs
with or without wvented
attic space

Published data (ASHRAE Guide) of relative values of typical'walls,
roofe, ete., show the relative reduction of "U" value attained by
the addition of insulation - for example:

Construction "U" Value "U" Value .
(Less Insulation) (with Insulation)

l. Frame Construction 0.23 ‘ 0.07

2. Solid Masonry (4B) 0.29 0.13

3. Solid Masonry (kD) 0.16 0.13

k., Cavity Wall (LE) 0.21 0.07

5. Masonry roof 0.22 0.11
Wood Flat roof 0.17 0.04

@ T. Metal Roof 0.ho 0.15
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Glass

1.13

a) Single U =
Varying air space b) Double U = 0.69 - 0.58
Varying air space c¢) Triple U = 0.47 - 0.36

Storm Windows U = 0.56
A comparison of heet loss of an uninsulated structure and the
effect of addihg insulation to typical wall sections and roof:

Solid masonry walls with masonry roof and single glass windows.

200 #t, Floor Area
‘ 20,000 SF
all 10 Ft. "0 Fb.
AT = T70°F T Glass Area
Heating @ 10% of Floor Area
2,000 SF
Wall Area
Story Height 6,000 SF
10 F%.
Less Glass .
Note Example treats only 2,000 SF
walls, roof and gless for
simplicity of comparison. Net Wall Area
k,000 SF
Energiransfei gSav-
AREA U x T = [BIU/HR. -BTU . ings
a) Walls 4,000 x0.29 x 70 = 81200 o i
b) Insulated x0.13 x 70 = | 36400 41800 56 ,
a) Roof 20,000 x0.22 x TO = | 308000
b) Insulated x0.11 x 70 = | 154000 154000 50
a) Glass 2,000 x1.13 x 70 = (158200
b) Double x0.60 x 70 = | 8%000 74200 46
Total (a) uninsulated sh7h00
. Total (b) insulated aingle glass| 357000 190L00 35
Total (c) double glass & insu-' |274400 . 273000 49
lation :
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It can be seen from the simple comparison that the energy sav-
ings using insulated walls and roof and single glass is 35 percent
cver that using uninsulated walls and roof with single glass. It
is noted that the addition of double glass leads to a further sav-
ing of 14 percent or a total saving of 49 percent energy transmission
under design conditions. Similar savings in energy requirements
can be realized for summer conditions.

Insulation of floors, building perimeter and selective treat-
menté of ceilings and partitions can further reduce energy transfer.

Additional savings may be realized by reducing the design con-
dition requirements based on a more detailed study of local ambient
conditions and habits for both winter and summer requirements.
Conclusions
1. Reduction of energy requirements within a structure can be reduced
by:

a) TInsulating roofs and/or ceilings

b) TInsulating walls

¢) TInsulating floors, perimeter and internal partitions

d) Use of storm windows .

e) Use of double glazing or triple glazing.

f) Use of "thermopane” type glass
2. Existing New York State Codes are voluntary.

3. Existing accepted standards are voluntary.

Recommendations

The following recommendations are submitted for consideration:
1. A program to reduce energy use bé initiated immediately.
2. Such a program should include the participation of Government,
Professionals, Private industry, the Building construction industry,
the public utilities and consumer representatives and agencies pro-

tecting the public interests.
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3. The program might be set up to consider the gquestion of energy
use in three steps.

a) What can be done now.

b) What can be done over the next two years - intermediate.

c) What can be done for the future.

Following the above proposed type program some of the items
which might be considered on the now basis would be:

1. Existing buildings be required to be equipped with storm windows,
or where possible double glazed or thermopane sash.

2. Where practicable existing buildings be required to have in-
sulation added to walls, roofs, ceilings, floors and interior
partitions. |

3. That the above recommendations be on a voluntary basis for a
limited period of time, say five years. Inducements might
include tax relief to overcome initial first costs involved to
Owners.

L. An educational program be initiated and continued. The purpose
of the program would be to educate the general public as to the
ngture of the problem, the need for cooper&tion'and the benefits
which each and all can derive from participation.

For the intermediate situation, the following are possible items
for consideration: |

1. The New York State Building Code be made mandatory.-

2. The Code include minimum "U" values required for various con-
struction elements - such as walls, roofs, floors - etc. - and,
that it include minimumn design temperatures to be maintained for
various usage of space and for varying outside design conditions.

3. That Governmental agencies involved in building construction in-
clude specific design requirements for use of insulation in walls,
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roof's ete., and for the use of storm windows, double glazing

and/or thermopane in the construction of buildinés under their

programs.

For the future or long ‘term, it is recommended that the govern-
ment, industry, the profession and the public maintein constant
liaison through a working organization whose purpose would be to
establish a record of experience based on the first two phases of
the frogram. With the experience at hand, it may be possible at
that time to consider further reduction of "U" values for building
elements and/or establish other design limitations which will leed

to the conservation of energy in future bulldings.
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Ref'erances

N.Y. ttate Building Construction Code 12/1/6h
(General Building Constructiim)

.C-504-2,10 Insulation

a) To reduce the rate of heat flow through building construction
shall conform to the requirements of Sect. C-501.

b) Insulation on surfaces of heat producing equipment shall be
non-combustible materials.

C-501 C General Requirements for Equipment
(855) The design and installation of eguipment and systems shall
conform to the requirements of Section C-107.

C-107 Acceptability
(802.2)

2) Compliance with applicable provisions of generally accepted
standards, except as otherwise prescribed in this Code, shall con-
stitute compliance with this Code. SR

b) Deviations from applicable provisions of generally accepted A
standards, when it shall have been conclusively proved that such
deviations meet the performance requirements of this Code, shall
constitute compliance with the Code.

N.Y. State Building Construction Code 12/1/64
(Multiple Dwelling)

B-504-2.10 - Insulation - (Same as C-504-2.10
(758.25) , ‘

B-501-C - (Same as C-50lc)
(755)

B-107 - Acceptability - (Same as C-107)

One and Two Family Dwellings - 12/1/64

A-50L4-2.10 Insulation - (Same as C-504-2.10)

A-501-C - (Same as C-501-C)
(655)

A-107 - (Same as C-107)
(602.2)

Accepted Standards

Heating - Ventilating, Refrig. & A.C.
ASHRAE Guides and Data Books
ITFPA
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References
Insulation and Heating
NYC Bullding Code
Local Law No. 76
Effective 12/6/68

Stendards of Heating Subarticle 1204.0

§C-26-1204.1 Heating Requirements
Reference Standard Rsl2-1

Outdoor Design Temp. 5°F.
Wind Velocity 15 nmph

Table 12-1 . Minimum Space Temp. Require-
ments
Min. Temp. of

Habitable Rooms T0
Building Equipt.& Mats. Rooms 50 (Temp. at 5 ft.
Patients rooms, bathrooms 75 above floor)

toilets & corridors in hospitals
and nursing homes

Reference Standard 12-1 Heating -

"The heating capecity required in each room or space shall be
calculated in accordance with the principles set forth in ASHRAE
guide and data book - 1965-1966..."

Insulation Sound Control -

Sound Insulation of wall floor and door construction

NBS, Monograph 77, Nov. 30, 1964 - Supt. of Documents
Gov't Printing Office
Washington, D.C. 20402

Noise Reduction Control with Insulation Board) Insulation Board

for Homes, Apartments, Motels, Offices, ATA ) Institute

File No. 39B, Third Ed. 196k ) 111 West Washington St.
Chicago 2, Ill.
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References

Division of Housing PART 1711 DESIGN STANDARDS Rev, 1-1-68
& Community Renewnl SURPARYT 1711-7 ARCHITECDURAL REQUIREMENTS Pape 7
ggw York State

Section 1711-7.6 Heat and Sound Insulation
(a) General

Ceiling and soffits shall be insulated in all cold areas
such as unexcavated areas, crawl spaces, garages, and
over-exposed lobbies and loggias, and in all hot areas
such as boiler rooms and incinerator rooms, where there
is a considerable difference in temperature between
these areas and the living or occupied spaces above.
Community, laundry rooms, boiler rooms, &nd similar
public spaces above located adjacent to or below living
spaces shall have sound-insulsted ceilings and/or walls.
Incinerator flues and chimneys, when adjacent to dwelling
units shall be insulated.

(b) Attic Spaces and Roofs

Insulate between roof joists and attic spaces with at
least 3" of inorganic insulation with vapor barrier on
the warm side. The minimum "U" velue for the insulated
attic floor construction shell be .07. See Section
1711-8.8 tor ventilation of such spaces.

Roof's of buildings of reinforced concrete or cast slab
type construction skall have vapor barrier and rigid
inorganic roof insulation (suitable as a base for built
up roofing) of such thickness as Lo develop a "U" value
of .15.
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References

Division of Housing PART 1711 DESIGN STANDARDS Rev. 1-1-68

& Community Renewal SUBPART 1711-7 ARCHITECYURAL REQUIREMENTS Page 8
New York State

Section 1711-7.6 Heat and Sound Insulation (cont'd)

(¢) Sound Reduction

The foli.cwing floor, ceiling and partition construction
shall have a Scund Transmission Class (S.T.C.) rating of
not less than 45 (as per National Gypsum Company publi-
cation, "Gold Bond Sound Insulation Theory and Practice"
(latest edition) or approved equal):

(1) Floor and ceiling construction between apartments.

(2) Partitions between apartments may be constructed as
follows: 2-1/2" trussed steel studs, 3/8" rock lath
on toth sides, one side with resilient clips, 1/2"
sanded gypsum plaster on both sides, or approved
equal.

(3) Partitions between bathrooms or toilet compartments
and living rooms in the same apartment.

(4) walls, partitions, floor, and ceiling construction
between apartments and areas with mechanicel equip-
ment, such as elevator hoistways, boiler rcoms,
motors, switches, incinerators, garbage collection,
pump and equipment rooms.

(5) Recessed medicine cabinets back to back (adequate
soundproofing is required).

(6) In addition to the above items, it is desirable
that closets be used as sound barriers, where pos-
sible.

(d) Ceilings of Spaces below Living Areas

(1) Ceilings for laundries, pump rooms, fan and equipment
rooms, and incinerator rooms shall be as follows:

Suspended, exposed "T" system with 3/16" x 24" x 24"
or 48" perforated "Transite" asbestos cement panels
and & 2" thick fiberglas overlay; or, simplex Metal
Pan with 2" insulation.
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References

Division of Housing PART 1711 DESIGN STANDARDS Rev. 1-1-63
& Community Renewal SUBPART 1711-7 ARCHITECTURAL REQUIREMENTS Page 9
New York State

Section 1711-7.6 Heat and Sound Insulation (cont'd)

() Ceilings of Spaces below Living Areas (cont'd)

(2) Ceiling for boiler rooms shall be either (k) or (ii)
as follows:

(1) Hung ceiling, insulated with 2" magnesia block
and finished with a smooth hard asbestos and
Portland Cement plaster. .

(11i) Hung ceiling, insulated with L4" fiberglaé and
steel trowel finished with Vermiculite Portland
Cement plaster.

(3) Provide ventilating bricks in perimeter walls of
hung ceiling spaces or other type of positive through
ventilation which will prevent condensation.

(k) In cavity wall construction, install 2 oz. sheet copper,
laminated with asphalt to fiber-reinforced kraft paper
flashing under window sills; same to extend 1" beyond
jambs. Install 1" fiberglas insulation at head and
Jambs of all window casings.
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DESIGN

. ANNEX A2
GUARANTEED EFFICIENCY METHOD

FOR LARGE BOILERS

STATE OF NEW YORK~EXECUTIVE DEPARTMENT
OFFICE OF GENERAL SERVICES
DESIGN AND CONSTRUCTION
BUILDING NUMEER L
STATE OFFICE BUILDING CAMPUS
AILBANY, N.Y. 12226

STANDARD SPECIFICATION




Spec. No.

INSTRUCT TONS FOR BIDDERS

1.0 (eneral

The purpose of this section is to inform each prospective bidder
as to the proper. procedure to follow in the preparation of the bid
and the method by which the State of New York will evaluate bids,
determine the lowest responsible and reliable bidder, as will best
promote the public interest, and calculate liquidated damages.

2.0 Definitions

The following terms, as referred to hereinafter, are defined as
follows:

2.1 Bid Price is the amount in dollars of the Contractor's proposal.
2.2 Guaranteed Gross Efficiency is the predicted efficiency which

the Contractor guarantees in his bid. This efficiency shall
be besed on 75% of maxinum continuous load.

2.3 Actual Gross Efficiency is the efficiency as determined by the
acceptance test specified in Section 53 as amended.

2.4 Fuel Cost is the amount in dollars of the fuel as determined
by the Formula.

2.5 Lowest Responsible and Reliable Bidder is the bidder whose
proposal is computed by the State as the lowest combined sum
in dollars of the bid price and the fuel cost, and which will
best promote the public interest.

The fuel cost as estimated by the formula is added to the bid
price. The sum of these is the basis which determines the
lowest combined value. The lowest combined value will be a
factor in determining the "lowest responsible and reliable
bidder'" as defined above.

2.6 Iiquidated Damages is defined, for the purpose of this specifi-
cation, as the added cost of fuel due to a lower than guaranteed
efficiency.

3.0 Submission of Bids

The proposal as submitted by the Contractor shall include the
following:

3.1 Bid Price

3.2 Guaranteed Gross Efficiency
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Speé. No.
: IFB - 2

4.0 Evaluation of Fuel Cost

The State of New York will evaluate the fuel cost pursuant to
the method of evaluation as herein specified. The fuel cost shall
be determined by the following formula.

NOTE TO SPEC, WRITER:
Four formulas are included here for:
(1) Steam Plant coal fired;
(2) sSteam Plant oil fired;
(3) HTW Plant coal fired;
(4) HTW Plemtoil fired.

USE ONLY ONE

FORMUIA (1

Fuel Cost =axbxcxdxexhxi=
Jxkx

The data used in the above formula to determine fuel cost is
as follows:

1

(a) Capitalization period, years = 10
(b) Output of one (1) boiler at maxi- ‘
mum continuous load 1bs./hr. =

(e) Percent of maximum continuous load
at which the boiler is to be
operated, expressed as a decimal

75

(d) Number of boilers in operation
at one time v =

(e) Total number of operating hours,
‘ per year, per boiler =

(f) Boiler output, enth&lpy of steam,
' btu/1b.

(g) Boller input, enthalpy of feed
water, btu/lb. =

(h) Difference of enthalpies (item
f - item g),btu/1b. =

() Average fuel price, delivered,

$/ton , =

"J;BJXQ‘ ’ 1 ' N - | | N A2 - 2.



Spec. No. -
g - 3

(3) Lbs./ton = 2000

(k) Fuel heating value,btu/lb. HHV,

I}

(1) Guaranteed Gross Efficiency

NOTE TC SPEC. WRITER:
Operating hours are determined as follows:
Annual steam output of plant in 1bs.

ymber of bollers in operation at one time X output of the
boiler in 1bs/br.

Round out answer to nearest 1,000.
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Spec. No.

IFB - 3A
FORMUIA (2)

Fuel Cost m a x bxexdxexhxi

J X k

k

The data used in the above formula to determine fuel cost is

as follows:
(a) Capitali-ation period, years

(b) Output of one (1) boiler at
maximum continuous load 1bs./hr

(e) Percent of maximm continuous load
at which the boiler ie to be opereted,
expressed as a decimal

(d) Number of boilers in operation at one
time

(e) Total number of operating hours, per
Yyear, per boiler

(f) Boiler output, enthulpy of steam, btu/1b.

(g) Boiler input; enthalpy of feedwater,
btu/1b.

(n) Difference of enthalpies (item f -
item g), btu/1db.

(1) Average fuel price, dzlivered, $/gal.
(J) Fuel heating value, Btu/gal.,HHV

(k) Guaranteed Gross Efficiency

10

.75

! NOTE TO SPEC. WRITER:
Operating hours are determined as follows:
Annual. steam output of plant in .1lbs.

No. of boilers in operation at one time x
output of one boiler in 1bs./hr.

Round out answer to néarest 1,000.
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Spec. No.

IFB - 33
FORMUIA (3)

Fuel Cost =axbxexdxexf
gxhxi

i

The data used in the above formula to determine fuel cost is
as follows:

(a) Capitalization period, years

(b) Output of one (1) H.T.W. generator
at maximum continuous load, btu/hr.

(e) PFercent of maximum continuous load
at which the H.T.W. generator is to be
operated, expressed as a decimal

(d) Number of HTW generators in operation
at one time

(e) Total number of operating hours per

year, per HTW generator
(f) Average fuel price, delivered $/ton
(g) Lbs/ton
(n) Fuel heating value, btu/lb,, HHV

(i) Guaranteed Gross Efficiency

ft

10

.75

. 2000

l

NOTE

TO SPEC. WRITER:
Operating hours are determined as follows:

Annual HTW Output in BTU

No. of HIW generators in operation &t one time x
output of one HIW generator in btu/hour.

Round out to nearest 1,000




Spec. No.
IFB - 3¢
FORMULA (L)

Fuel Cost =m.ax b xcxdxexf =

g xh h
The data used in the above formule to determine fuel cost is as fol-
lows:
(a) Capitulization period, years = 10

(b) Output of ore (1) HI4 generator at
maximum continucus load, btu/hr. =

(c) Per cent of maximm coniinuous load
at vhich thz FIY gererator is to be
operated, expressed as 2 decimal =

(d) Rumber of HIV generators in operation .,
at one time =

(e) Total number of cperating hours, per
yeur, per Hiw renerator =

(f) Average fuel price, delivered, $/gal. =

(g) Fuel heating value, Btu/gal., HHV =

(n) Guaranteed Gross Efficiency =

NOTE TO SPEC. WRITER:
Operating hours are determined as follows:

Annual H.T.W. Output in BTU

No. of HTW generators Iin operation at
one time x output of one generator in
btu/hr.

Round out to nearest 1,000
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Spee. No.
L

NOTF: The Guarantecd Gross Eificiency in the above 'ormula shall
be expressed as a decimnl, and shall be as submitted by the
Contractor in his Proposal.
The fuel heating value is based on the fuel as specified in
the "Fuel Burning Equipment" Secticn. This is the fuel that
the State expects to burn during the capitalization period.

5.0 Efflciency Evaluation

The Stat2 of New York reserves the right to compare the
actual gross efficiency obtained against the guaranteed gross ef-
ficiency as submitted in the proposal.

6.0 ILiquidated Damage Calculations

In the zvent that the acceptance test determines that the
actual gross efficiency is less than the guaranteed gross efficiency,
the Contractor expressly agrees to pay and the State shall be en-
titled to iiquidated damages, and not as a penalty, the sum of
money, pursuant to the calculations therecf as hereinafter de-
serib2d, by reason of the lower efficiency. .

It is hereby fixed and agreed that the liquidated damages
shall be calculated as follows:

6.1 The fuel cost shall be determined by the "Formula". The item
Guaranteed Gross Efficiency shall be as submitted by the Con-
tractor in his proposal. This fuel cost, corrected to the
nearest hundred dollars, is used in the awarding of the con-
tract. ’

6.2 A second calculation will be made by the State using the
"Formula', except that the Efficiency will be the Actual Gross
Efficiency as calculated from the acceptance test data. The
Actual Gross Efficiency expressed as a decimal shall be
carried out to four places.

6.3 The amount that paragraph 6.2 exceeds paragraph 6.1 shall be
deducted from the contract bid price as liquidated damages.

NOTE TO SPEC. WRITER

Section 53 - Testing shall be amended as required. Refer to
Standard Office Amendment to Section $3.

HHHHIHHHHHHN
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DESIGN

ANNEX A3
STATE OF NEW YORK
EXECUTIVE DEPARTMENT - OFFICE OF GENERAL SERVICES

DESIGN AND CONSTRUCTION GROUP

November 1 , 1072

TO ¢ All Division Directors, Office Chiefs, & Bureau Chiefs
FROM : Director of Design and Construction Group

SUBJECT: Establishment of the Architectural/Engineering Project
Review Board

The purpose of this memorandum is to establish procedures
for the broad technical review of the planning, programming,
design, construction supervision and inspection ¢f major pro jects
(normally those projects with zn estimated .onstruction cost of
$100,000 or more or projects of a sensitive or special interest
nature) which are the responsibility of the Design and Construction
Group in accordance with the Public Buildings Law.

The importance of the accuracy and completeness of every
project cannot be overemphasized. There is, sometimes, due to the
unusually short period of time available for preparation of plans,
specifications, and other documents, the rationalization that these
are just preliminary submissions; therefore, they can always be
revieswed and changed at a subsequent time. Factually however,
change is not easily accomplished by us after an estimated cost and
scope have been approved by the requesting agency.

After authorization and funding of a project, the project
must not exceed the scope and fuunding approved and must result in
a complete usable facility which will satisfy the client's require~
ment. Therefore, it is imperacive that the best yossible review of
the programs, plans, and specifications be made prior to submittal
to the client since the final procduct is dictated by these documents.
Review of the construction supervision and inspection phace after
completion of the project will provide feedback to improve our
planning, design and construction of future projects.

To ensure that projects are being thoroughly reviewed in
accordance with the above by all elements of cognizant Divisions and
Offices within the Design and Construction Group, an Architectural/
Engineering Project Review Board is herewith established.
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All Division Directors, Office Chiefs, & Bureau Chiefs
Page 2
November 1, 1972

The Board shall be composed of the following:

Director D & C - Chairman

Facilities Programming
Division Director

Member & Recorder

Design Division Director - Member
Architectural Bureau Chief = Member
Engineering Bureau Chief - Member
Contract Administration - Member
Division Director

Construction Supervision - Member
Pivision Director

Rehabilitation Planning - Member
Division Director

Project Management Office - Merber

Office Chief or Cognizant
Project Manager

In addition, such other specialists (e.g., roofing) will bte
temporarily assigned as required.

The Board shall be convened for review by the Recorder at
prime project milestones, such as prior to submission for approval
to the client of planning/programming, schematic, preliminary and
working drawing documents*, and for review of the construction phese
following the final inspection of the project. Copies of material
to be reviewed shall be presented to the members of the Board at
least two days prior to the meeting for review. The cognizant
Division representatives will briefly explain the project to the
Board and the remaining members of the Board will present comments
and recommendations within their areas of responsibility.

*Note: Review of one or more phases may be cmitted as determined
by the Director.

Harry Stevens, Jr.
Director
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APPENDIX B

REPORT
ON
ENERGY-EFFICIENT
CONSTRUCTION
OF
LARGE BUILDINGS

Submitted by:

Subcommittee on Energy-Efficient
Construction
of
Ad Hoc Committee on Energy Efficiency
in Large Buildings,
Interdepartmental Fuel and Energy
Committee of New York State

March 7, 1973
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CONSTRUCTION

1. INTRODUCTION

This Subcommittee discussed the potential role of con.ractors
and owner-builders in the conservation of energy during the con-
struction phase of large buildings. The types of buildings
considered are large multi-dwelling residential complexes,

commercial buildings, and institutional sites.



CONSTRUCTION

I1. SUMMARY

A, ROLES OF CONTRACTOR AND OWNER-BUILDER

In the current role of the contractor, he normally only
performs that work which is required in contractual plans and
specifications produced by the architects and engineers. However,
some architectural and engineering firms and their clients now
consult with contractors of the various trades during the design
phases of a project., Owner-builders, concerned with aesthetics,
plus functional and practical considerations, have the ability as
clients to impose some of these considerations on the design pro-.
cess. This report reflects a balance between the input of owner-
builder and contractor Subcommittee members, both general and
mechanical/electrical. The reader will note a reluctance on the
part of this Subcommittee to intrude upon the prerogatives of the
designers. However, the content of the report will reflect a
willingness on the part of the contractor and owner-builder sector
to lend their experience to furthér the prospects for energy
conservation in large buildings during the design, construction,

and maintenance and operational phases.
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CONSTRUCTION

B. TEMPORARY HEAT AND SERVICES

Temporary heat and services are used in many cases

where the permanent heating and other systems may be utilized

in a new building.

C. BUILDING CODES

There are many restrictive overlapping building codes.

D. JOINT COMMITTEES ON CONSTRUCTION PROBLEMS

Numerous joint committees are investigating means to
review and resolve problems concerning labor mobility, trades
jurisdiction, workmanship, and~managenent during the construction

phase.
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CONSTRUCTION

I1I. DETAILED STUDY

A. POLICY

l. The Subcomittee members discussed at length the
roles of contractors and owners-builders in energy conservation
with considerable attention given not only to the construction
phases, but also to the design and maintenance and operational
phases as considered appropriate. This resulted from our review
of the many publicaticns, monologueé, and technical papers pro-
vided the Subcommittee in advance of our meetings by the
Secretariat, as well as our own personal experiences. The
results cof this review»weré that these publications did not
overtly concern themselveé with the potential tor imput of the
construction sector to the solution of the energy conservation
problem. Great emphasis was placed by most of these reports on
the designer and owners. Our reluctance to invade the design
prerogatives was of concefn to the contractors present, but: not
to the owner-builders, who acting as clients, have the ability
to strongly influence the professional design so that it will
produce the best short and long-run energy conservation results

commensurate with cost and standard of quality.
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CONSTRUCTION

B. PRACTICAL CONSIDERATIONS

1. Temporary Heat and Services

a. Steps should be taken to use the permanent
heating, electric, water and other systems, wherever possible, in
order to eliminate the provision of such temporary services. The
. provision of temporary heat, in particular, is costly, both in
terms of manpower and energy consumption. Elimination of the
restrictions, which are now placed on the operation of permanent
equipment for temporary heat, would result in the earlier use of
the permanent systems. Where temporary heat is required, tempera-
tures should be specified commensurate with the actual needs at
given areas of a building under construction. Certain finishing
operations should be undertaken only after activation of the
permanent heating system. To insure conservation of energy during
the pre-occupancy phases of construction, pefmanent closure of
structures must be accomplished at the earliest possible date, or
temporary closure providing protection from the‘eleﬁentsushould ..... :
be provided. If possible; temporary closures ghould contain
materials which can_be modified and incorporated in permanent
closures. Heat of construction, i.e., concrete, power.tools, w#ste
steam, etc. should be retained and used to supplement temporary
heat. During construction, the contractor should be requiredf
during nor-working periods, to turn off 1ights (except minimum
lighting.for security and safety), reduce building tﬁmpératures,

insure shut-off of all water, etc., to conserve energy.
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CONSTRUCTION

.bs Several Subcommittee members are familiar with
"the work. of the State's interdepartmental committee on iemporary
heat sponsored by the Design and Construction Group of the ﬁew
York State Office of General Services in this area. The recom-
mendations of this joint committee, which reflect inputs from
architects, engineers, and contractors were reviewed; barriers to
their.full implementation were cited. This citation resulted in
a lengthy discuééion of the contents of labor ﬁgreements and the
leading decision of the Supreme Court in the work preéervation
area. Itlis apparent that the leadership of some crafteunions
have récognized the problems created b& jurisdictionai strife:and
make-work rules by aiding in the establishment of joint labor-
management committees charged with taking steps to remove the
barriers cited. Several members of this Subcommittee are also
members of these joint labor-management committees;_they will
undertake to promote the energy conservation message. The Sub-
cormittee members emphasized thelneed for specification writers
to use.appropriate contract requirements to produce cohéervation
of temporary heat and tempofary electrical services (see Annei B-1).

2. Efficiency in Construction Management

The Subcommittee discussed the ''new" techniques in
construction management and commenteé on the entry of those who
are unfamiliar or 111-equ1pped Qith the necessary skill, to properly
manage the construction phase. It was said the degree of sophisti-
cation in construction management is improving, because of client

demand for time/cost savings in an inflationary era and as a result
'
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CONSTRUCTION

-of reduction in construction volume in thi;.State, both in the
public and private sectors. Severe competit’ nn often gives rise‘
to c&st-savings techniques and new construction Aanagement methods.

Limitations on management's rights to ﬁanage were
discussed, with these limitations pictured.as having significant
influences on the quality and quantity of skilled manpower. Again,
the problem 18 recognized by both the trades and construction
management; State-wide committees have béen organized to seek
solutions to the manpower and quality control problems. The
contractor members of this Subcommittee pointed to the need for
proper specifications and for the appreciation of the influence
of design on construction scheduling and cost. One solution to
the manpower problem could come with insuring mobility of labor,
but the lack of portability of benefit programs has pteciuded.
mobility. Legislation to insure such portability is regularly
presented to both the Federal and State legislatures. Lack of
labor mobility causes shortages of skilled lator, resulting in
longer construction time, which, in turn, increases tempbrary
services..tProper inspection, as now practiced by the Design and
Construction Group of the New York State Office of General Services,
to insure good workmanship, such as proper installation of insula-
tion, sealing of building envelope cracks by caulking, etc., would
result in more efficient energy use during the maintenance and

operation phaée.
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3. Building Codes

The Subcommittee discussed the influence of various
codes on the selection of materials which could bring about energy
.cohservation in the manufacturing, installation, and operations
phases. The New York State Building Code, now adopted by more
than 600 political subdivisions, was not criticilzed. However,
the codes of several cities were discussed and said to present
severe handicaps to eneréy conservation. Again, the Subcommittee,
believing design and code to be concomitant matters, hesitated to
invade the professional's jurisdiction. Nevertheless, the Subcom-
mittee strongly believes that a detailed study should be instituted
to analyze the several codes to point up those provisions which
preclude the conservation of construction and operating energies.
If the need is validated by this study, a standardized common code
based on minimum acceptable performance standards which would re-
sult in conservation of energy should be developed. This code
should except the ﬁajor cities of New York City, Buffalo, Rochester,
Yonkers, and Albany, which have special high-rise requirements,

particularly in the areas of fire protection and safety.
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IVv. RECOMMENDATIONS

A. SHORT RANGE RECOMMENDATIONS

1. Temporary Heat and Services

a. Utilize the Design and Construction Group
of the New York State Office of General Services specifications
for Temporary Heat as shown in Annex B-1 as a model or standard
in building construction contracts, modified as necessary for
individual projects.

b. Use the permanent heating, electric, water,
and other systems, wherever possible in order to eliminate the
provision of temporary services.

2. Efficiency in Construction Management

All designers acting as agents for both public
and private clients, should consult with contractors for their
inputs, during both preliminary and final design phases, for
information and recommendations on construction technology and
economies, with especia! emphasis on ways and means for conserving
energy. Such consultants could also prepose construction alterna-
tives during the planning phase and can accurately predict the
effects of these alternatives on the project cost and schedule.
Contractors and ownusr-builders should be included in the Architec.
tural/Engineering Project Design Review Boardr defined in the Design

Subcommittee Repcrt,




CONSTRUCTION

3. Instruction of Maintenance and Operation Persomnel

The Subcommittee recommends that those employees of
the client who will maintain and operate newly installed equipment,
receive instruction in the maintenance and operation from qualified
representatives of the prime contractor(s), his subcontractors,
vendors, and manufacturers, with the requirement for such instruc-
tion to be set forth in the-specifications. Improper operation and
maintenance contributes to a gfeat deal of waste 4n the utilization

of energy.

B, IDL.LE RANCE RECOMMENDATIONS

1. Building Codes

An in-depth study should be instituted to analyze
existing building codes to determine whether they need revision
in order to cénserve energy. If such a need is validated, then
a standardized, common code for the State of New York should be
developed, based on minimum acceptable performance standards,
using national consensus procedures for establishing such stand-
ards. This code should ;xcept the major cities of New York City,
Buffalo, Rochester, Yonkers, and Albany which have special high-
rise requirements, due to great numbers of congested high-rise
buildings, especially in the areas of fire protection and safety.
Specifically tailored energy conservation requirements should be

developed for these cities,
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2, Labor Benefit Portability

Sponsor or support legislation to assure portability
of labor benefit programs. These would ultimately result in energy.

conservation by providing a better supply of skil?ed workmen.

C. LONG RANGE RECOMMENDATIONS

1. All short range and intermediate range recommenda-
tions should be reevaluated, modified and updated by a separate
duly authorized body to insure conservation of energy during the ~

cor-struction phase of large structures,
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ANNEX Bl
DESIGN AND CONSTRUCTION

OFFICE OF GENERAL SERVICES 3/28/72(2)
STATE OF NEW YORK
MASTER SPECIFICATION Spec. Nos.

SECTION 01512 - Ti'YP0RARY HEAT

USE THIS SECTION FOR MAJOR
CONSTRUCTION., FILL IN ALL
BLANK SPACES.

1.01 GENERAL

A. Prior to the time the building, or any part of the building,
is enclosed, construction heat, (as differentiated from tempo-
rary heat), shall be provided by each Contractor, as required
to accomplish the following:

l. Protect material and equipment being installed as part of
the Contract, from freezing.

2. Provide sufficient heat so that workmen can accomplish their
labor in a satisfactory manner.

3. Provide sufficient heat to maintain construction schedules.

B. When the building, or any major part of it, is enclosed as
determined by the Director's Reupresentative, temporary heat
shall be provided in accordance with this Section. The build~
ing, or any portion, shall be considered enclosed when the
exterior walls, roof deck, or overhead closures are completed
sufficiently to exclude the elements, except for windows, doors,
ventilators and similar openings which shall be temporarily
closed with suitable enclosures. In window wall type of con=-
struction, the Construction Contractor shall furnish temporary
enclosures if window walls are not installed as scheduled and,
in sufficient time to mairtain progress of the building con-
struction. ’

C. The Construction Contractor shall furnish, place and maintain
8" thermometers in the building. He shall also furnish
and install, where directed, seven day, self-contained
recording thermometers to record air temperature in the building.
Thermometers shall be Bacharach 14~1010 or equivalent.

D. The Construction Contractor shall furnish a supply of charts,
ink, etc., for each recording thermometer for the duration of
temporary heating. The charts for the recording thermometers
shall be twenty-four hour charts arranged for working tempera=-
tures from ~30 degrees F. to +120 degrees F. Charts shall be
delivered to the Director's Representative who will maintain
operation of the recording thermometer. The recording ther-
mometers and charts shall become the property of the State.
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1.02

Spec. No.

PHASE I HEAT - BUILDINGS ENCLOSED - PERMANENT HEATING SYSTEM

NOT _READY FOR OPERATION

Under Phase I, the Construction Contractor shall furnish tempo-
rary heat starting approximately : s, or as directed by
the Director's Representative. The Construction Contractor
shall include in the bid price, any amount necessary to provide
temporary heat for days. The actual number of days for
Phase I temporary heat shall be as determined by the Director's
Representative. In case such direction results in more or less
than days, then the contract price will be adjusted
as provided in the General Conditions. Applicable daily charges
for any price adjustment shall be the average rate paid during
the period of use of Phase I temporary heat, (total cost of
providing temporary heat divided by the number of days). The
Construction Contractor shall furnish daily records of all
temporary heat costs to the Director's Representative so that
necessary price adjustments may be calculated.

The Construction Contractor shall provide and operate a suf-
ficient number of heating units until the permanent heating
system is available and in use. Fuel for Phase I heat shall
be furnished by the Construction Contractor. '

The heating units shall be of an approved type meeting all
applicable codes and ordinances. The units shall have a com-
bustion chamber and flue so designed that all products of com-
bustion are vented through ducts to the outside of the building.
Electric heaters shall not be used. Heat shall be maintained
between 45 and 55 degrees F., unless higher temperatures are
required for the installation of materials specified for the
work of this Contract.

The Construotion Contractor shall take ali precautions neces-

sary to protect all portions of the building from smoke or gas
Camage and to prevent hazardous conditions which may result in
damages to propercty or injury to persons.

The heating units shall be moved, relocated or adjusted by the
Construction Contractor as required or directed, to protect the
work of all trades and Contractors.

PHASE II HEAT - BUILDING ENCLOSED - PERMANENT HEATING SYSTEM
OPERABLE

The HVAC Contractor shall furnish heat under Phase II until
the permanent heating system is ready for operation by State
Personnel as hereinafter specified under Phase III.

Prior to » and within 30 days after written noti-
fication by the Dircctor's Representative to activate the
permanent heating system, the HVAC Contractor shall complete
all necessary work to place the heating system in satisfactory
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Spec. No.

operating condition. When the permanent heating system is
ready for operation, the HVAC Contractor shall use the system
for temporary heat. '

C. The HVAC Contractor shall include in the bid price, all costs
(labor, materials and utilities except as hereinafter specified)
necessary to provide temporary heat under Phase II for
days. It shall be the HVAC Contractor's responsibility to deter-
mine which portions of the heating, ventilating or air condition-
ing equipment will be needed to maintain adequate temporary heat,
in accordance with this specification. The actual number of days
of Phase II temporary heat shall be as directed by the Director's
Representative. In case such direction results in more or less
than days, then the Contract price will be adjusted as
provided in the General Conditions. Applicable daily charges for
aay price adjustment shall be the average rate paid during the
period of use of Phase II temporary heat, (total cost of providing
temporary heat divided by the number of days). The HVAC Contractor
shall furnish daily records of all temporary heat costs to the
Director's Representative so that necessary price adjustments
can be calculated. '

D. When directed by the Director's Representative, the HVAC Contractor
shall maintain a minimum temperature of 65 degrees F. throughout
the building, except that where materials require higher temperatures,
the temperature shall be as required.

E. The HVAC Contractor shall thoroughly clean, test and otherwise
prepare the permanent heating system for use for Phase III tempo-
rary heat. Such cleaning shall be in accordance with Section
15043 and shall fulfill Contract requirements for such cleaning.

F. Steam required for operation of the permanent heating system
vhen used for Phase II temporary heat will be provided and paid
for by the State. All other cost, except as otherwise specified,
shall be borne by the HVAC Contractur.

G. The Plumbing Contractor shall cooperate with the HVAC Contractor
by providing and maintaining permanent or temporary water comnec~
tions as required for operation of equipment for temporary heat.
The Plumbing Contractor shall include in his lump sum bid, the
cost of furnishing and maintaining both permanent and temporary
connections and removing temporary connections. Such costs
shall include all labor charges required for maintaining the
permanent or temporary water connections required for temporary
heat.

H. The Electric Contractor shall cooperate with the HVAC Contractor
by providing and maintaining the permanent or temporary electric
wiring required for operation of the permanent heating system.
The Electric Contractor shall include all costs cof providing
and maintaining temporary or permanent wiring and removing
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Spec. No.

temporary wiring in his lump sum bid. Such costs shall include
all labor required to furnish and maintain temporary and perma-
nent wiring and electric service required to operate the heating
system,

The HVAC Contractor shall make all necessary arrangements for
and shall pay all costs in connection with providing all
necessary personnel not otherwise specified for maintaining
and operating the heating system used for temporary heat in
the building. He ehall cooperate with the Constructien,
Plumbing and Electric Contractors and coordinate his opera-
tions to insure that temporary heat is provided as required.
The HVAC Contractor shall open and close windows as required,
and also operate ventilation system, as necessary, to provide
proper ventilation and drying in the building, as directed by
the Director's Representative. '

Where heating equipment, such as finned tube radiator elements,
heating coils, etc., used for temporary heat may be damaged by
plastering or other building operations, the HVAC Contractor
shall provide suitable temporary protective covers for the
heating equipment. The covers shall be kept on the equipment
until all plastering and/or other work has been completed. The
HVAC Contractor shall furnish and install temporary throwaway
filters as required to maintain the air supply cystems and’
equipment used for temporary heat free of dust and debris.
Filters and protective covers shall be approved by the Director's
Representative before installation.

Before the permanent heating system is turned over to the State
for operation, the HVAC Contractor shall arrange for and pay
all costs for cleaning all equipment of plaster and other
materials accumulated cn same, in a manner satisfactory to the
Director's Representative. The HVAC Contractor, upon completion
of temporary heating service, shall arrange for and pay for all
costs to service and leave all permanent equipment, used in
connection with temporary heat, in perfect operating condition.

The HVAC Contractor shall furnish and install permanent filters
as required, prior to the completion date.

All temporary equipment provided by the HVAC Contractor, for
temporary heating services, and which are not part of the perma-
nent system shall be removed by the HVAC Contractor when no longer
required, '

RESPONS IBILITY

The Construction Contractor shall be responsible for all damage
duz to frost and freezing during the period when Phase I tempo-
rary heat is required by his Contract. He shall alsc be respon-
sible for any damage due to improper equipment or the use of his
equipment, such as stains, smudges, soot or fire and shall make
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Spec. No.

good any damages in a manner satisfactory to the Director's
Representative. The HVAC Contractor shall be responsible
for all damage due to frost or freezing during the period
when Phase II temporary heat is required by his Contract.

Damage to fire risers, roof leaders, etc., installed in
enclosed portions of the building which, in the opinion

of the Director's Representative. are needed for building
protection, shall become the responsibility of the Contractor
furnishing heat and the installing contractor shall be reim-
bursed for such freezing damage which is caused by lack of
heat.

Any Contractor who does not progress his work so that phased
temporary heat can be provided as and when specified shall be
held responsible to pay all costs of continuing temporary
heat under the phase in operation at the time of delay until
he has completed his work so that temporary heat can be pro-
vided under the required phase. If more than one Contractor
is responsible for delay, such cost shall be pro-rated as
determined by the Director's Representative.

PHASE III - OPERATION BY STATE PERSONNEL

When in the opinion of the Director's Representative, the
permanent heating system is completed, the Director's Repre-
sentative will arrange for such operation in accordance with
the requirements of the Ceneral Conditions concerning State
occupation and operation. At this time, all Contractors
will be relieved of responsibility for temporary heat.
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1.01

B.

c.

D.

E.

Spec. Nos.

SECTION 01513 - TEMPORARY HEAT

USE THIS SECTION ON MINOR NEW
CONSTRUCTION. FILL IN ALL
BLANK SPACES,

GENERAL

Prior to the time the building, or any part of the building,
is enclosed, construction heat, (as differentiated from
temporary heat), shall be provided by each contractor, as
required to accomplish th¢: following:

l. Protect material and equipment being installed as part
of the contract, from freezing.

2. Provide sufficient heat so that the mechanics can accom-
plish their labor in a satisfactory manner.

3. Provide sufficient heat to maintain construction schedules.

When the building, or any major part of it, is enclosed as
determined by the Director's Representative, the Construction
Contractor shall provide temporary heat during the heating
seasons in accordance with this Section. The building, or
any portion, shall be considered enclosed when the exterior
walls, roof deck, or overhead closures are completed suffi-
ciently to exclude the elements, except for windows, doors,
ventilators and similar openings which shall be temporarily .
closed with suitable enclosures. In window wall type of
construction, the Construction Contractor shall furnish
temporary enclosures if window walls are not instzlled as
scheduled.

The Construction Contractor shall furnish, place and main-
tain ~_ 8" thermometers in the building.

The Construction Contractor shall also furnish and install,
where directed, seven day, self contained recording
thermometers to record air temperature in the building.
Thermometers shall be Bacharach 14~1010 or equivalent.

The Construction Contractor shall furnish a supply of charts,
ink, etc., for each recording thermometer for the duration of
temporary heating. The charts for the recording thermometers
shall be twenty-four hour charts arranged for working temper-
atures from ~30 degrees F. to +120 degrees F. Charts shall

be delivered to the Director's Representative who will maintain
operation of the recording thermometer. The recording ther-
mometers and charts shall become the property of the State.
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1.02 DESCRIPTION

A. The Construction Contractor shall furnish and operate a suffi-
cient number of heating units and provide and pay for the fuel
required for their use. The installation of heating urits shgll
be as directed. -

B. The heating units shall be of an approved type meeting all
. applicable codes and ordinances. The units shall have a com-
bustion chamber and flue so designed that all products of
combustion are vented through ducts t>» the outside of the
building. Electric heaters shall not be used. Heat shall be
maintained between 45 and 55 degrees F., unless higher tempera-
tures are required. .

C. The Construction Contractor shall take all precautiomns necessary
to protect all portions of the building from smoke or gas damage
and .to prevent hazardous conditions which may result in damages
to property or injury to persons.

D. The heating units shall be moved, relocated or adjusted by the
Construction Contractor as required to protect the work of all
trades and contractcrs.

1.03 RESPONSIBILITY

A. The Construction Contractor shall be solely responsible for all
damage due to frost and freezing resulting from his failure to
provide adequate temporary heat. He shall also be solely respon-
sible for any damages due to improper equipment or the use of his
equipment, such as stains, smudges, soot or fire and shall
make good any damages in a manner satisfactory to the Director.

B. Damsge to fire risers, roof leaders, etc., installed in enclosed
portions of the building which, in the opinion of the Director's
Representative, are needed for building protection, shall become
the responsibility of the Construction Contractor and the ine
stalling contractor shall be reimbursed for such freezing damage
which is caused by lack of heat. ' '

C. It shall be the responsibility of the Construction Contractor to
provide and maintain acceptable approved heat until the completion
date of all contracts as indicated in the Proposal. If completion
is delayed beyond the scheduled completion date, the Construction
Contractor shall maintain the required heat at his own expense
until his contract work is satisfactorily completed.
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1.02

Spec. Nos.
SECT ION 01514 - TEMPORARY HEAT

USE THIS SECTION FOR REHABILITATION
ONLY. FILL IN ALL BLANK SPACES.

GENERAL

Temporary heat shall be provided by the Construction Contractor
during the heating season in accordance with this Section.

The Construction Contractor shall furnish, place and maintain

8" thermometers in the building.

The Construction Contractor shail furnish and install, where
directed, seven day, self-containud recording thermometers
to record air temperature in the building. Thermometers shall be
Bacharach 14-1010 or equivalent.

The Construction Contractor shall furnish a supply of charts,
ink, etc., for each recording thermometer for the duration of
temporary heating. The charts for the recording thermometers
shall be twenty-four hour charts arranged for working tempera-
tures from ~30 degrees F. to +120 degrees F. - Charts shall be
delivered to the Director's Representative who will maintain
operation of the recording thermometer. The recording ther-
mometers and charts shall become the property of the State.

DESCRIPTION

The Construction Contractor shaii furnish and operate a suffi-
cient number of heating units and provide and pay for the fuel
required for their use. The instailation of heating units shall
be as directed.

The heating units shall be of an approved. type meeting all
applicable codes and ordinances. The units shall have a com-
bustion chamber and flue so designed that all products of com-
bustion are vented thru ducts to the outside of the building.
Electric heaters shall not be used. Heat shall pe maintained
between 45 and 55 degrees F., unless higher temperatures are
required.

The Construction Contractor shall take all precautions neces-
sary to protect all portions of the building from smoke or gas
damage and to prevent hazardous conditions which may result in
damages to property or injury to persons.

The heating units shall be moved, relocated or adjusted by the
Construction Contractor as required to protect the work of all
trades and contractois.
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RESPONS IBILITY

The Construction Contractor shall be solely responsible for
all damage due to frost and freezing resulting from his faflure
to provide adequate temporary heat. He shall also Be snlely
responsible for any damages due to imgproper equipment or the
use of his equipment, such as stains, smudges, soot or fire

and shall make good any damages in a manner satisfactory to

the Director.

Damage to existing fire risers, roof leadersg, etc., which are
needed for building protection, shall become the responsibility
of the Construction Contractor.

It shall be the responsibility of the Construction Contractor
to provide and maintain acceptable approved heat until the com-
pletion date of all contracts as indicated in the Proposal.

If completion is delayed beyond scheduled completion date, the
Construction Contractor shall maintain the required heat at his

.- own expense until his contract work is satisfactorily completed.
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MAINTENANCE AND OPEBATION (M & O)

T. INTRODUCTION
A, BACKGROUND

The nation faces ever increasing demands for fuel and
energy. The demand for energy at the point of consumption has
exceeded or is rapidly exceeding the supply, depending on geographical
area. New York State is among the states most seriously affected by
this energy crisis. The shortages‘in energy supplied are or will be
the result of shortages in acceptable fuel sources or inadequate
electrical generation capabilities.1

The environmental pollution crisis has overshadowed and
increased the energy crisis, Some government agencies have.not
appropriately reacted to the seriousness of the energy problem, Many
government leaders consider the pollution problem more pressing than
the energy crisis,

Existing pollution abatement regulations, shortage of fossil
fuels, power plant location problems and the inefficient use of exis-
ting energy have resulted in the current crisis.

An Interdepartmental Fuel and Energy Committee was appointed
by Governor Nelson A. Rockefeller to explore the potential for energy
conservation in the State of New York. This Interdepartmental
Committee, realizing the urgency and need for eneréy conservation in
facilities, established an Ad Hoc Committee for Energy=-Efficiency in

Large Buildings, which includes representatives from both the private

1J'oseph Swidler, The Role of Energy Conservation in Regulation, A talk

Q by Joseph Swidler, Chairman, New York State Public Service Commission,
[ERJ!:‘ to The Albany Chapter Producers Council, Inc. on November 13, 1972,
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and state.government sectors, This Ad Hoc Committee was subdivided

into three Subcommittees covering Design, Construction, and Main-

tenance and Operation, This report is on Energy-Efficiency in

Maintenance and Operation of large buildings in the commercial sector,

institutional puildings, and large multi-dwelling residential complexes.
B.  SCOPE

This report addresses itself to the review and evaluation
of existing and future operations and the presentation of recommenda-
tiens for improving energy usage. Recommendations were written to
preclude substantial changes to the current standard of living and
envirommentzl comfort of the general population, and without creating
an impediment to the orderly growth of business within New York State.
It is recognized that these energy demands will continue to grow and
that these progressive demands cannot be completely prohibited.
However, they must be controlled within the capab’lities of current
and anticipated energy sources.

Industrial processing plants and off-site utility generating
plants wer=s not considered by the Subcommittee due to its time
constraints; however, they are users of great quantities of energy
and thus should be the sublect of future studies,

C. GOALS

The goals of the Subcommittee and the purposes of this
report are to develop guidelines which recommend techniques, programs
and criteria for energy efficient use of buildings, their environa
mental systems and their energy consumption. The implementation of
these recommendations, including educating the public, executive

orders affecting State buildings, and legislated statutes and codes,
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will be the responsibility of the Interdepartmental Fuel and Energy

Committee as noted in its Action Plan.2

2Interdepart:mental Fuel & Energy Committee's Action Plan for Ener
Conservation & Efficiency in Large Buildings, Aug. 9, 1972, p. 3.
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I1. SUMMARY

The major areas for energy=efficient maintenance and operation
of large buildings resulting in energy conservation include the
following items:

A, ENERGY EFFICIENT OPERATIONS

1. Establish maximum winter temperatures and mininum
summer temperatures as a function of interior space environmental
requirements,

2, Establish hours of operation of building heating,
air conditioning, ventilating, lighting and other systems, Reduce
operating time of HVAC equipment by utilizing thermal energy stored
in the building and piping.

3. Reduce electrical peak demands by priority selectors,
demand limiters and load shedding. Improve building power factor
where feasible,

4, Increase combustion and heati%g system efficiencies by
repair or replacement of fmsulation, replacement or repair of defec-
tive controls and equipment, installation of required weather
stripping, sealing of exterior cracks, improving controls and zoning,
etc,

5. Reduce unnecessary lighting,

6. Investigate use of tax incentives to induce owners

to conserve energye.
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B, ESTABLISH OR INCREASE EFFECTIVENESS OF MAINTENANCE
PROGRAMS

Improved maintenance and operation procedures will reduce

energy consumption at least 15 per cent,

C. INSTRUCT OR MOTIVATE OWNERS OF LARGE BUILDINGS TO INITIATE
UTILITIES BETTERMENT PROGRAMS

D, ESTABLISH OCCUPANCY STANDARDS WHICH WILL RESULT IN
CONSERVATION OF ENERGY

E, FUEL AND ENERGY UTILIZATION

The artificial environment of existing buildings,
including lighting and HVAC systems, represents a substantial
percentage of the total energy consumption, Increased control of
these sophisticated systems and continual analysis of building demands
and its minimum requirements will contribute to optimum use of fuels
and energy. They are normally identified by operations personnel
and brought to the attention of the owner for any required
modifications.

Reduction of piping, valves and equipment leakage, and
repalr or replacement of fhs;lation, will aid in conservation of fuel

and energy; as well as reduce cwner operating cost,
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I11, DETAILED STUDY

Efficiencies can only be obtained by improved facility manage-
ment, with direction and backing by their top management, aimed at
and geared to efficient use of energy and conservation of energy.

The following maintenance and operation procedures and
techniques are discussed &nd analyzed with vesultant specific
recommendations:

A, ENERGY EFFICIENT OPERATIONS

1. Establish Minimum Levels of Envirommental Comfort

Existing methods of operation may provide excessive
heating, cooling and vent:ilation. All heating, ventilating and air
conditioning controls should maintain the recommended temperatures
as indicated in the table belows

Table on Guide to Recommended Temperatures

Room Use Winter Summer
Occupied Space¥® 74° to 770 F,l 779 to 790 F,1
e.g. office, educational : !
Norma1lly Unoccupied Space 650 F, or lowerk None
Storage Rooms, Equipment 650 F, or lower* Minimum
Rooms, etc, Required
Vacant Spaces 50° F, or lower* None

(normally not used)

* Based on consensus of members of this Subcommittee.

lgarrier Air Cond, Co., Handbook of Air Conditioning System Design,
1965 Ed., Table 4, p. 1=20,.
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For occupied space in preceding table, building
operators should strive tp maintain minimum winter and maximum summer
space temperature, consistent with occupant comfort. Continuous op-
erations such as residential areas of hospitals and correctional
facilities should maintain these environmental conditions at all times.

Investigate the feasibility of raising the interior
space humidity conditions, in order to maintain interior space at
lower temperatures in the winter and higher temperatures in the summer
for the same equivalent comfort conditions, without causing condensa-
tions on the windows, Higher relative humidities in the winter will
reduce ventilation needs and lower the dry bulb temperature for the

same degree of comfort - with a net gain in fuel reduction.2

2, Establish Hours of Operation

a. The nature of a particular occupancy will
determine the minimum hours of operation for the energy consuming
systems, Environmental systems sh»:ld be manually or automati-
cally programmed to sta:t up and/orx shut down an hour or so before
and after occupancy. Study the Opfimum length of time and the
amount of energy per facility to bring its low night temperatures
up to operating temperatures, Lighting should be substantially
reduced or eliminated in unoccupied space. The existing occupancy
schedule should be reviewed to determine where reduction or
rescheduling of working hours, as feasible, would contribute to the

energy conserxvation program,

2Fred S. Dubin, Energy Conservation Through Building Design and A
Wise Use of Electricity, Paper prepared for presentation at the
Annual Conference of the American Public Power Association in

San Francisco, California on June 26, 1972, p. 5.
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b. Control of ventilation systems should be
adjusted to eliminate or reduce fresh air requirements during
non-occupancy or lcw occupancy periods, during both the heating and
cooling seasons (exclusive of ventilation of critical areas, i.,e.
volatile chemical storage areas),

3. Reduce Electrical Peak Demands

a. The reduction of peak demands would ease the
power generation problem, The timing and magnitude of such demands
must be determined for each site, Where recording demand meters are
available, the utility should provide the energy user with copies
of the time=demand charts, The availability of time=demand records
enables an energy user to anticipate and reduce peak demands. These
peak demands should be established and analyzed for causes, The
facility manager should then minimize thosebpeaks by adjustment of
operating schedules. Methods of reducing peak demand include the
utilization of priority selectors, demand limiters and load shedding.

b. 1f not installed on existing systems, the
installation of a demand controller, modification and installation
of controls and control circuits for heat pumps and water heaters for
a typical high-rise apariment would pay for their cost in less than
two years by reducing the annual electric bi11.3 Similar economical
analogies can be made for institutional or commercial buildings:
Demand charges constitute one-third to one-ha1f<§f a typical electric
bill for a large commercial or industrial installation. These needs
should be identified by operating personnel and reported to buillding

owners,

3uBrownouts & Building Operation", Syska & Hennessey, Inc.
Q Technical Letter, Vol. 21, No. 1, May 1971.
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4, Power Factor Correction

a, The correction or improving of the power
factor increases the electrical efficiency of a power distribution
system in addition to permitting more effective use of the
utility's capacity,

b. Low power factor increases the power company's
cost of supplying actual power because more current must be
transmitted, . This cost is billed directly to the consumer through
reactive charges. Low power factor also causes overloaded
generator, transformer and distribution lines with resulting voltage
drops that are greater than they should be, Low power factor also
reduces the load handling capacities of the plant's electrical
system. An economical and practical solution to the low power
factor problem is the installation of capacitor banks if not currently
installed. These needs should be identified by operating personnel and
reported to building owner., To further promote this practice, the
existing public utility rate charges for reactive demand should be
substantially increased to provide an incentive for a good pewer
factor and a penalty for poor power factor.

5. Shut-Down/Start-Up Procedures

a. Shutedown and start-up procedures should be
established to guarantee the efficient use of energy consuming
systems. The established procedures should reflect a cyclic sfarting
schedule for equipment with large starting currents and the minimum
time required to bring the system on the line with minimum load

peaking., These procedures should vary with the conditions that
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exist, Daily, weekly, monthly and/or semi-annual shut.downs may
have different start-up procedures based on the systems concerned
and the environmental climate nzeded at the time,

b. The fans and pumps use approximately
40 percent of the energy demanded by an air-conditioning system,
Many systems are Qesigned to be shut down overnight and during
weekends and holidays, but are not operated in this fashion; conse=
quently an opportunity for energy saving is lost. Cooling and
heating of totélly unoccupled space such as storerooms and vacated
areas should also be reduced or eliminated,%

6. Check and Improvement of Equipment Efficiencies

a, The periodic inspection of all equipment, and
subsequent maintenance and alterations to improve efficiencies,
should be one of the initial steps to improving energy efficiencies,

b, A system schematic should be developed with
all appropriate design parameters listed., These design parameters
should benevaluated and revised to reflect current environment
requirements as opposed to original design requirements; The maine
tenance of the design or currenﬁly desired requirements should be
the initial step toward effective operation, These parameters should
then be compared with actual operating conditions to determine the
efficiency of the system's equipment &nd to highlight trouble areas,
Once inefficient and trouble areas are located, immediate attempts

should be launched to correct or improve the deficiency.

QNBS/GSA July 1972 Report, e=mc2, May 23=24 Roundtable on Energy
Conservation in Public Buildings, p. 56.
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c. The particular action taken to improve equip«
ment efficiency is based on the consideration of the equipment
involved, the cost of corrective action and the parameters

affected,

7. Operating Techniques Utilizing Night Setback and
Thermal lag

a. Night Setback of Building Temperatures

(1) Night setback of building temperatures
should be accomplished by aytomatic means, Optimum night setback
of building temperatures should be determined by the building oper=
ator in regard to the required morning operating time to bring the
building back to daytime desired occupancy building temperature
too long a time 1is inefficient,

(2) TFuel savings can amount to threew
quarters of one percent for each. degree Fahrenheit that the thermostat
is set back in an apartment or home. For example, by reducing the

thermostat 4 degrees, i.e. from 70 to 66 degreecs F,, a savings of

41,80 on a $60 per month heating bill can be achieved,’ Similar

analogies can be made for other areas, offices, etc,
b. Utilization of Building Thermal Lag
(1) By experimentation, the building operator
should determine allowable reductj.on time of heating and cooling
equipment, by taking advantage of thermal lag, both within the

buildings, as well as external piping.

5y,5., Office of Consumer Affairs, 7 Ways to Reduce Fuel Consumption
in Household Heating Through Energy Conservation, Pub, No. 5=-BL=5253.
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(2) On days expected to be very hot, the
building can be cooled below normal during the night and early
morning hours, allowing the inside air temperature to rise during
.the afternoon. The cooling equipment can be shut off altogether
someﬁhat prior to closing time, This practice reduces the overall
load on the cooling equipment, as well as the amount of power
consumed during the peak load period.

8. Installation or Utilization of Existing Economy
Cycle Equipment

a, Utilization

(1) The economy cycle, if installed in the
ené;gy.consumption and distribution system of a facility, should
be properly utilized.

(2) The equipment in the economy cycle should
be included in the overall system analysis, which will be used to
determine equipment and system operational efficiencies.

(3) Ensure that when the internal temperatures
in the building are being adjusted before the start of the nermal
busizecs day, that the ventilation system is closed until the builde
ing is brought to the desiréd temperature,

(4) The most important concept to emphasize
to operating personﬁel is that heating @and cooling equipment must be
used sparingly., During approximately 500 of the 3,100 hours per
year that a typical office building is occupied, outside air could

be introduced into the ventilating system with neither pre~heating

nor pre~cooling. This, in itself, would result in about a 20 percent
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reduction in energy required for air handling.6

b, Installation of New Equipment

bften, the building operator originally

identifies the need for an economic survey of the possible use of
new economy cycle equipment for their existing large building. Th;n
the owner should hire a design engineer to make a survey, evaluation
and any required recommendations. This study should include an
analysis of first cost of new economy cycle equipment versus its
reduced operating cost to determine 1if it is feasible, and the time
required to write off the initial investment of the owner., (See
following paragraph No. 12 on Tax Incentives,)

9. Combustion and Heating System Efficiencies

a, Goals

The immediate objective of those in charge of
the operation and maintenance should be to operate buildings at the
higlh- .t level of efficiency. The longer term objectives should be
physical improvements which will raise the existing efficiency of
operation to insure that original design efficiencies are maintained,
and to incorporate new technology. However, many buildings may not
be capable of great improvement in efficiency without moderate to
laxge capital expenditures, Most existing buildings can experience
some improvement in energy usage. Some examples are shown in the

following portion of this section,

: 2
6Op. cit. NBS/GSA, July 1972 Report, e -- mc , p. 56,
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b. Investigations

(1) Determine the maximum practical level of
efficiency permitted by the design of the building., This can be done
in a number of ways:

(a) Review of the original design, if
available, from the architect or the designer who estimated the
annual fuel consumption,

(b) Recalculation, using modern tech-
niques of estimating design heat losses and heat gains. Assistance
of the original heating design engineer may be required,

(c) Review with the heating equipment
manufacturer(s), their expected cfficiencies as presently installed
and their proper operating procedures,

(2) After this determination of the ideal
situation, the actual operating record of the building should be
compared with the data, If energy consumption is significantly above
what is indicated from the design data or estimate, this would be a
clear indication that improvement should be made by bringing this to
the attention of the building owner and/cr manager, who, in turn,
should hire a heating design engineer to make a study,

(3) There are two basic heating efficiencies
in any building, the combustion efficiency of the heating device and
the distribution efficiency of the heating system, The easiest
efficiency to check and to maintain is the combustion efficiency.
Boiler combustion efficiency tests should be takeﬁ often, i.,e, daily,
weekly or monthly for power plants, or annually for small boilers with

less than 1 million Btuh input,
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(a) A steady downward trend in efficiency
is an indication that other maintenance work should be performed.

(b) The heating system efficiency may be
more difficult to improve, but an effort should be made in this direction.

(c) System efficiency is usually deter-
mined by the original design. On & short term low capital expenditure
plan, system efficiency can be improved by insulation of distribution
lines wherever practical, replacement of defective radiation devices
and valves; and the balancing of steam, hot water and air systems to
prevent overheating lower floors in order to heat upper floors.,
Weather stripping of doors and windows, and sealing exterior openings
and cracks will reduce infiltration losses,

10. Lighting and Energy Conservation

a, The Significance of Lighting in the Energy
Conservation Program:

By 1985, without the implementation of a major
conservation program, the electric utilities daily consumption of oil
equivalent will increase from over 8 million barrels in 1970 to about
24 million barrels. Of the 1970 total, approximately 25 percent or
2 million barrels per day was consumed for lighting purposes alone.
By 1985, it will require slightly less than 6 million barrels of oil

equivalent per day,

' b. An Energy Conservation Program for Lighting in
Existing Buildings:

Lighting in buildings constructed prior to 1973

7Subcommittee Report on Energy=-Efficient Design of La;ge Buildings,
Appendix A.
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will comprise approximately 43 percent of the 1985 lighting load,
The opportunity for energy savings in this category requires "imag-
ineering" as well as practicality, Savings can be accomplished by
utilizing educational programs for occupants, building maintenance
and operational personnel and building owners similar to Con Edison's
"Save-A=Watt" program, or by distributing to these people Illumi=-
nating Engineering Society's (IES) recommendations on operating and
maintaining lighting for optimum use of energy. Procedures and
practices for energy-efficient lighting for existing buildings,
include the following:

(1) Use efficient incandescent lamps for
lamp replacement,

(2) Turn off lights when not needed.

(a) Wwhen a working or living space is
empty, secured and not used for display or observation, there is no
need for lighting. 1In this case, it is always more economical to
turn off incandescent lighting and, where off-time is more than a few
minutes, fluorescent and high-intensity discharge lighting should be
turned off,

(b) Minor renovations can be undertaken
that increase switching choices so that lights may be turned off by
smaller areas, or permit installation of new efficient fixtures to
perform tasks at lower energy input than existing fixtures,

(c) Corridor and rcom lighting levels
can be reduced to the maximum extent consistent with actual require=
ments by removing bulbs in selected lights, or substituting lower

wattage bulbs, by additional electrical switching, etc. (Caution:
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In fluorescent fixtures, damage can result‘from disconnecting one J
lamp in a two-lamp fixture.)

(d) Lights should be turned off
wherever practical after working hours, rather than leaving them on
continuously throughout the building until the end of cleaning
operations per section of the building,

Nighttime - Reduce lighting at
night, except that needed for security,

Daytime « Turn off lighté or reduce
lighting, especially for non-occupied, partial-occupied, or none
critical areas,

(e) Higher wattage General Service
lamps are more efficient than the lower wattage lamps, Therefore,
using fewer higher wattage lamps may save power, For example, one
100-watt lamp produces more light than two 60-watt lamps (1740 lumens
vs 2 x 860 = 1720 lumens).

(f) For the same wattage, General
Service lamps (750 to 1000 hours life) are more efficient than
Extended Service lamps (2500 hours life). For example, a 100-watt
General Service lamp produces 17,4 luwens/watt input while a 100-watt
Extended Service lamp produces 14,8 lumens/watt input. F&r equal
lighting results in this case, 17.,5% more lamps and power are
required when using the Extended Service lamps. Extended Service
lamps should be used where maintenance labor costs are high or where

lamps are in inaccessible lccations.
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(3) Control window brightness
The requirements for good lighting can
be achieved by skillful application of daylighting techniques,
Encourage building maintenance and operation personnel and occupants
to use the following techniques:
(a) Redirect available light for better
interior distribution and utilization, such as venetian blinds.
(b) Limit the brightness of fenestra=
tion to within comfortable limits by utilizing existing shades,
screens and blinds.
(4) Utilize daylighting as practicable
The levels of illumination recommended
by the IES are not based on electric lighting exclusively. 1IES

publishes a booklet entitled Recommended Practice of Dgyliﬁhtinge

and includes daylighting design data in its IES Lighting Handbook
as a guide to the utilization of daylight., It is pointed out, howa
ever, that because of the wide variation in daylight (from several
thousand footcandles down to zero), an adequate electric lighting
system should be provided.
(5) Keep lighting equipment clean and in

good working condition. .

Studies have shown that good lightiné
maintenance procedures provide better utilization of the lighting

system. For example, a study of one fluorescent lighting system,

8"Recommended Practice of Daylighting," Illuminating Engineering,
August, 1962.
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where different maintenance procedures were used, showed that:
(a) When luminaires were cleaned and
relamped once every three years, the illumination dropped to 60% of

the initial after threse years,

(b) When luminaires were cleaned every
one and a half years and relamped every three years, the illumination
dropped to 68% of the initial after three years.

(c) When luminaires were cleaned once a
year and one third of the lamps replaced once a year, the illumination
dropped to 78% of the initial after three years and to 75% even after
12 years.

Therefore, if better maintenance procedures
are followed, it may be possible to reduce the total number of
lamps in a given system as long as adequate illumination is still
maintained. .

In designing.new lighting systems, more
attention should be given to maintenance procedures and the consumer
(tenant or owner) should be aware of the maintenance procedures
considered in the de‘sign.

(6) Post instructions covering operation and
maintenance.

For building owners' and ten&nts' infor-
mation, as consumers, all illuminated spaces should have a set of
instructions covering the operation and maintenance of the lighting
(electric or daylight), both for maximum utilization of power and

minimum consumption for economic considerations.

Ce19



M&O

(7) 1if painting is required, use ligkt
finishes on ceilings, walls, floor and furnishings,

Light finishes can increase the utiliza-
tion of light, For one room painting test by the Illuminating
Engineering Society, by repainting ceiling, walls and floor and
refinishing furniture, the average illumination level was increased
from less than 10 footcandles to nver 40 footcaniles,?

(8) 1In selecting light finishes, reflectances
shculd be in the following range:lo'

The upper limits have been selected to
avoid excessively bright surfaces which can be uncomfortable or
reduce visibility by producing disability glare,

11, Water Conservation

a. In multiedwelling residential complexes, the
old style standard toilet tank holds up to 5 to 8 gallons of water,
which is far more than n.eeded for flushing., However, newer models
are being built with a smaller cubic capacity of about 3% gallonms,
But, in the average existing town, enough water is being wasted to
float a battleship. Installing an ordinary brick in the tank of
each toilet will displace over a quart of water; an enommous saving
per municipality can be effected. This energy conservation program
was adoptgd in Cherry Hill, New Jersey for 17,000 homes, resulting

in a savings of about 34 million gallons of drinkable water a year.ll

9IES Lighting Handbook, 5th Edition, 1972, p. 5-17,

101bid, p. 11-5.

llTilly'Spetgang, "A Brick in Your Tank," Parade, February 11, 1973.
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Similar applications will apply for multi.dwelling residential
complexes.,

b. Similarly, water conservation programs can be
adopted for commercial buildings and institutional budldings by ad-
justed flushometer valves to an experimented accepted lower rate.

c. All leaky pipes, faucets, valves, traps,
controls and equipment should be repaired.

d. Makeup water for all cooling towers should be
checked to insure that only the minimum amount is furnished.

€. Reduce use of water for building aestheties,
such as fountains,

12, Tax Incentives

a., Tax incentives should be investigated to induce
owners to invest in modifications, rehabilitation and major repairs
of their buildings to conserve energy. These modifications include
installation of additional insulation, storm windows,
insulating glass, vestibule enclosures, additional HVAC con-
trols, additional lighting switching, wWeather stripping, etc.
Rehabilitation and major repairs includes replacement and patching of
insulation, correcting all leakage, caulking of building envelope
openings, upgrading of combustion equipment and controls, etc.

b, Significant changes in tax structuring and
energy prices must be examined, including the complex questions of
feasibility and acceptance by the consumer, Means of carrying out
conservation measures fall ‘ato three general categories:
standards and regulation, tax incentives (credits and penalties)

and eduzatioaal campaigns. The use of standards and regulations
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offers precise control, but they may be difficult to compose and monitor.
Their existence may also inhibit innovative solutions.l?

c. The total cost of tax incentives for modifica-
tions of a large building to conserve energy is very small in
comparison to the total tax levied on the large building, i.e., the
reduction of total tax received by governments is very nominal and for
a short time period; however, these modifications would result in a
reduced maintenance and operation cost of the building over a long time
period. Precedent currently exists for similar business tax credit

under New York State Commerce Department's Job Incentive Program,

12ugtudies Indicate Energy Uses, Suggest Ways to Reduce Consumption',
Actual Specifying Engineer, Nov. 1972, p. 27.
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B. ALTERATIONS TO EXISTING BUILDINGS

1. General
~General opportunities for improving the energy
consumption performance of existing buildings are much more limited
than for oncoming new buildings. However, the percentage of build=
ings specifically designed to conserve energy will remain small for
years to come due to the hundreds of thousands of existing buildings.

2, Identification of Alterations

The building operator and/or manager is responsi-
ble to make the original identification of maintenance and operational
problems, which may require rehabilitation, alterations, replace=
ments, improvements or repairs to the building, its components or
systems. This information should then be brought to the attention
of the owner, who, in turn, will probably require the services of a
design engineer to make a field survey, evaluation, recommendations,
estimates and any required contract documents. Some examples are as
follows:

a, Thermal improvement of an existing building is
normally a very attractive investment, since reduced energy costs
will usually pay for the adjustment in a reasonably short period.
Consideration should be given to additional insulation in ceilings,
walls and crawl space for large multi-dwelling residential complexes,
which have easy access to attic and crawl spaces,

b. Consideration should be'given to the instal=
lation of storm windows and doors, and insulating glass,

especially for the larger buildings.
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c. Consideration should also be given to the
possibility of installing more sophisticated controls so that the
flexibility of heating and cooling areas in the building will be
increased,

(1) The installation of a number of indoor/
outdoor anticipating thermostats, each controlling a differ:~. zone
in the building.

(2) Increasing the flexibility of existing
heating or cooling distribution systems by increasing the number of
zoned internal areas,

d. At the time of the heating plant replacement,
a re-evaluation of the design heat loss and hot water requirements
should be made, New equipment should closely match the re-evaluated
criteria and not be sized to duplicate the old equipment, whiéh may
have become missized., Multiple heating plant design should be
considered, Use design considerations from design of new building
criteria, Consideration should be given on the use of separate
small boilers for the summer domestic hot water requirement only.

e, Building operator should have input to above
investigations.,

3. Demoiition

The choice to renovate or demolish and r2build an
old building should always include an assessment of the energy savings
or waste involved, Building operator should have input to any

decision to renovate, or demolish and rebuild an old building,
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c. PREVENTIVE MAINTENANCE PROGRAMS

1, Introduction

a, Maintenance of equipment and insulation is so
germane to energy efficiency that it justifies special attention.
Energy is often wasted through impropex utilization and care of
equipment, Regular maintenance checks are imperative. For
existing buildings, new or updated, clearly defined maintenance
procedure manuals should be provided by consultants specializing
in this field. Adjacent to each major item of equiément, mount
piping and/or electric schematic diagrams with instructions encased
in plastic. 1In addition, a master series of all schematic diagrams
and instructions, encased in plastic, mounted on a large clipboard
or in a binder, should be made available for the chief building
operator. Building operators should undergo a thorough training
program to emphasize energy conservation in utilization as well as
maintenance. Detailed written preventive maintenance programs
should be developed and stringently followed for all building
components, equipment and systems. .

b. There are some readily available preventive
maintenance programs and energy conservation programs that can be
adapted to a large building or building complex. For many large
sites these programs can be integrated into one overall program.

c. Examples of an energy conservation program
are described in the Department of the Navy's brochures,

NAVDOCKS P-75 and M0-303, on Utilities Comservation Program Survey
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Manual and Use of Utility Targets. \The Géneral Service A&min-
istration also has available literature on energy conservation
guide}ings for public buildings, which can be adapted for State,
municipalities and private office buildings.

2. Preventive Maintenance tolincrease Efficiencies

It is conservative to say 90 out of every 100
buildings are operating at less than 90 percent of their potential
due to poor ma:lntenance.1 Improved maintenance practices can
reduce energy consumption of buildings by more tham 15 percent

without increasing maintenance labor costs.2 An evaluation of all

equipment installed in the environmental and energy distribution
systems should be made to determine the amount of -~ entive main-
tenance required to insure energy efficiency. P 2 mainte~
nance which improves energy efficiencies should b. formed on all
ma jor equipment. A réviéw of these procedures and an update of the
preventive mainteﬁance program should be accomplished at a periodic
interval. This review should be performed often enough in order

to incorporate new practices and add additional equipment, so that
“the program-stays current. A main objective is to incorporate
future conservation of energy practiges as they become technically
available. The proper planning and analysis for the program
integration and operation is a key factor to the ultimate success

of any rew program. : \

1Fred S. Dubin, The New Architecture and Engineering, Paper
prepared for presentation at The Workshop on Total Energy
Conservation in Public Buildings in Albany, N,Y. on Jan. 12, 19725 p. 15.

2

Op Cit., Dubin, Energy Conservatiom, p. 15.
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3. Preventive Maintenance to Reduce Energy Waste

a. A regular periodic investigation of the
entire facility should be made in areas where energy is being
wasted or ineffectively consumed, i.e., air infiltration and water
leaks (including steam, condensate, domestic hot water, cold water,
hot water, and/or chilled water).

b. Preventive maintenance on valves, pumps, etc.
should be performed to minimize leakage. Correct blowdown
quantities shoulﬁ be established.

¢. Filter cleaning and proper replacement should
be performed to insure optimum heat transfer.

d. Keep all domestic hot water heating coils

free from scale deposits that will reduce the heat transfer

- through the coils.

e. Some important maintenance suggestions to
maximize energy efficiency of HVAC systems and minimize thermal
losses are as-folloﬁs:3

(1) Regularly inspect and repair wall and
ceiling insulation, caulking and storm windows.

(2) Verify that pipe insulation is provided
and maintained in good repair on‘all steam or hot water lines
passing through air-conditioned spaces, and on all chilled water
lines and ducts containing cold air which pass thrdugh nonair~

Cpndiﬁioned space.

30p. cit. NBS/GSA, July 1972 Report, e = mel,..p. 59,
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(3) Keep condensers on air-conditioned units,
refrigorators, freezers, and drinking water fountains clean and free
of any foreign matter that might interfere with flow of air or
otherwise reduce heat transfer.

(4) Check for leaky hot wat;r faucets and
radiators.

(5) Check refrigerator and freezer doors
for defective gaskets.

(6) Establish a regular schedule for
checking, in particular, fans, pumps, compreséors and other rotating
equipment to ensure that they are in good repair.

4, Maintenance of Building Concrols

a, Heating, Ventilating & Air Condicioning Controls
The proper functioning of HVAT controls is one
of the most basic requirements for energy efficiency and system
safety. Preventive maintenance of controls, including the repair,
recalibration and adjustment of inoperative or ineffective controls,
should be performed for optimum system efficiency in order to main-
tain building control systemsj it will be necessary to hire and/or
properly train '"in-plant" personnel, or enter into control service
contracts.
b. Heating Plant Controls
These types of controls include boiler
seéuencing controls and other types of automatic or semi-automatic
controls which will modulate and attempt to match the heafing
system output to the building load. Stack analysis controls which

will continuously monitor stack temperature and carbon dioxide or
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oxygen as a determinant of efficiency may be warranted when the
heating systems have inputs of over 100,000,000 Btuh.

5. Maintenance of Building Lighting

A planned maintenance program to emphasize eneigy
conservation would also call for more frequent bulb replacement.
Present maintenance plans often prescribe initial over-illumination,
since it is assumed that one or more bulbs in an area will fail
prior to replacement. Regular and more frequent cleaning of lamps,
lighting fixtures, reflec;ors and shades can maximize lighting
efficiency.

6. Presentation of Operation Information

Each building should have a space in the utility
area with a desk, bookshélf and plan rack for operz’ing personnel.
All operation ancd manufacturers data should be bound in permanent
binders, tabbed with index tabs for different systems and items
of equipment. Master maintenance and operation manuals‘should be
stored here. There should be lubrication schedules and filter
replacement schedules filed here. There should be complete lists
of sub-contractors who supplied equipment and sources for parts
replacements. There should be a list of emergency teiephone numbers
of manufacturers of critical equipment, such as oil burners,
boilers, air conditioning machines, etc. Complete sets of as-built
plans, on cloth or other indeséructible matérial, should be
permanently attached to plan rack holders. A file with a complete
set of shop drawings should be kept by the maintenance staff.
Mainteﬁance and operating instructions with schematic systems
diagrams, encased in plastic, should be permanently mounted near the
cquipmcnt they relate ﬁu, in an accessible area Lor casy fofurencc.
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D. COST/BENEFIT ANALYSIS

1. General

Each building owner should analyze each existing
building or building complex in regard to the cost for inspection,
repair, rehabilitation, alteration, improvement, maintenaﬁce and
preventive maintenance for both short and middle-range savings.
Th2 relatively small expenditures on these rcquirements will
prevent the need for major rehabilitation work in only a few years.
All initial expenditures required for annual need identifi?ation
and budget allocation, in both the maintenance anc rehabilitatioﬁ
areas, should be reviewed by proper management. Their review
should be not only on original cests, but also on tae prtential
savings in the short range, which will be accomplished by meeting
these requirements, rather than on a future crisis basis.

2. State of New York Studies

a. Office of General Services, Design and

Construction Group, Division of Rehabilitation Planning, -has the
responsibility to conduct studies for economical methodsvfor
-providing services in the maintenance and rehabilitation fields.

| b. In 1970 they conducted an inter-agency task
force on the recalibration and repair of combustion controls and
instrumentation of 75 large State power plants. The study
recomrended that a team of four control specialists survey these
power plants on a programmed annual geographical basis in regard
to required repair, maintenance, recalibration and replacement of
controls. Based on 1971 prices, the total potential fuel cost

savings would be at least $670,000 at the end of the first year by
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implementing these task force recommendations. After five years
these savings will increase to 1.2 million dollars per year on a
continuing basis with the ultimate reduction in fuel costs of
residual oils and coal being 3 million dollars per year on a
continual basis. The cost/benefit ratio is about 1 to 7 at the
end of the first year, 1 to 10 at the end of the fifth year,
progressing to an annual return of 1 to 25 after the tenth year
and each year thereafter, based on 1971 prices. Proper continuing
periodic inspection and allocation of funds'for needed work not
only saves the owner money in the short, ﬁiddle and long ranges,
buc also conserves fuels.

c. In 1970, the Division of Rehabilitation
Planning's second task forcé on the most economical and efficient
means of roof inspection resulted in the recommendation to train
150 State site maintenance employees on a one time, ge._ raphical basis
in order to make their proper bi-annual roof inspections,
inventories and minor repairs. The value of this training is
illustrated by the fact that a single roof replacement may cost
$20,000 to $30,000 depending on its size, while if a roof defect
is noted early enough through inspection, a minor repair of about
$1,500 may prevent the necessity'fo; this replacement work. The
State has over 10;000 buildings, so the cost./benefit ratio can be
extremely low to ghe State., By reducing roof replacements
through proper early identification and repair will save raw

materials and the energy needed to produce new roof installatioms.
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d. Private engineering consultant firms hired
by the State, the Parson-Jurden Corporation and the Pope, Evans
and Robbins Consulting Engineers conducted maintenance management
surveys for the Department of Mental Hygiene and the State Univer-
sity of New York, respectively. Early implementation of their
recommendations on hoth maintenance and preventive maintenanc
programs at each facility would result in an overall savings and
proper allocation of manpower, as well as extended life of
equipment and building systems. In turn, this results in better
utilization of energy and reduces energy waste. Similar
approaches to the large buildings of the private sector of the

State would vastly increase the savings in energy consumption.

3. Review Existingﬁ!aintenance & Qperation Costs

A complete review and analysis of existing.mainte-
nance and operation expenditures is a useful technique in deter-
mining trouble areas, However, there must be appropriate and
functional maintenance management systems available to provide
both adequate and accurate information concerning these
expenditures.

An accurate historical file on all the systems
and accessory equipment should be a;ailable including the cost of
the fuel and utilities, preventive maintenance program, repair
and/or replacement expenditures, trouble calls, logs, etc. All
increases in operating costs should be appropriately explained,
such as rate increases, excessive overtime use of the building or

its major components, additional installed equipment, new operating
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techniques, weather conditions, etc. All unexplained energy
consumption or increases should be analyzed for inefficient or
wastefulluse.

4. Anticipate Growth

All increases in energy cqnsumption and c.sts
should be anticipated for'current and future budgeting. All
increg;ed consumption projections should be matched with antici-
pated energy savings wherever possible. The scope of all
alterations to the existing facilities (including economic and
feasibility study of prime movers and sub-systems) should be

reviewed to prevent excessive energy consumption.’
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E. ESTABLISH OCCUPANCY STANDARDS

The instructiop of the occupants of a facility in the
proper comnservation of en2rgy is of major concern to the successful
implementation of an efficient energy conservation program.

The use of policy statements, recoummndacions'memoranda,_
educational programs, executive orders, etc. should be used to
advise the occupants of the various ways to reduce energy use.
These instructions should include, but not be limited, to the
following:

1. Turn off all unnecessary lighting. Reduce high

level corridor lighting and turn off lights in perimeter qréas

near windows when daylight is sufficient. Turn off lights in a11 1

vacant arteas. Curtail all accent or decorative lighting. .

2. Shut down all electrical equipment when not in
use (i.e. coffee urns).

3. Lights used for advertising purposes Should ﬁe
limited to business establishments that are open for service.
Billboard lighting sﬁould be restricted to hours of maximum
traffic at night.

4, Curtail use of elévators during low passenger
flow patterns.

5. Windows should not be opened (except for zmergen-
cies) during operation of air conditioning or heating Syscemé..

6. Thermostat settings should be reviewed to see if -
their dayﬁime settings can be lowered or raised in the winter or

summer, respectively. Use night and weekend temperature setback

' ﬁhere feasible.
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7. Curtail use of local air conditioning units.
8. All furnishings, drapes, etc. should be removed

from in front of HVAC units,

o

| , V , |  C-35
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IV. RECOMMENDATIONS

This Subcommittee makes the following recommendations:

A. SHORT RANGE

l. Guidelines For All State and Non-State Buildings

a. Initiate a public communication program
relating to the energy crisis and the need to conserve energy.
This program should use the various media and include specific
energy conserving instructions. The cost of the communication
program should be the responsibility of government, on Federal,
State and municipal levels.

b. The following energy-efficient maintenancéﬂ:
and operations featurgs of large buildings sﬁould be recommended
as ghidelines for State, municipal and private buildings:

(1) ‘Reduce corridor, room and outdoor
lighting to the maximum extent consistent with operational
requirements, safety and security. The above-mentioned reductioﬁs"
in light level can be accomplished by turning off selectedilights,
substituting incandescent lamps of lower wattage, reducing totgl.
111um1na£10n per area to the minimum requirement of tﬁe Illumi-"
nat;ng Engineering Society, and installation of additional
Lécalized'switching. Use ‘efficient incandescent lamps for
replacement. Control window brightness during daylight hours to
redirect and utilize the available light, lim{t glare and limit'

heat producing radiation to reduce air conditioning load.
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(2) Shut down air conditioning equipmcat
and reduce heating levels to the maximum extent possible on week-
ends and holidays in buildings unoccupied during those periods.

(3) Reduce heated and cooled air supply to
unoccupied space such as storerooms and unoccupied areas. (See
table of Paragraph III.A.l. of this repocrt,) Establish ninimum
winter and maximum summer operating temperatures as a function
of room use.

(4) Reduce amdunts of outside ventilation
air used in central heating, ventilation and air condi;ioning
systems to‘meet the minimum ventiiation requirements of the
latest issue of ASHRAE Guide, or, if feasible, reduce outside
ventilation air even further to minimum allowed by applicable
code. Insure:proper usz =+ £iufionly cycle where equipment is |
available. Verify chat the distribution of supply air through
the‘huilﬂ;wg is balanced.

(5) Give consideration, on days expected
to be hot, to cooling the building bglow normal during the night
and early morning hours and allowing the inside air temperature
to risé during the afternoon. This action would reduce the
nooiing requirement and the amount of power consumed by air
conditioning equipment during the peak load period.

(6) Determine whether adjustments in the
system now installed will permit the verying of inside temperature
and relative humidity so that equivalent comfort can be maintained
for the occupants at lower temperatures in the winter and higher

températures in the summer,
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(7) Keep filter systems clean to insure
adequate circulation within the building and minimize fan horse-
power.

(8) Reschedule the cperation of all large
motors wherever possible to times other than power peak demand
periods. Examples: Large electric motor-driven water pumps often
wmay be operated at night to replenish storage tanks. Cold storage
plant cdhpressors may be sl.ut down over peak demand periods,
provided action is taken to assure doors to refrigerated space.are
kept closed.

9) Inspect and repair where necessary,
the wall and ceiling insulation, caulking, weather stripping and
storm windows of all buildings.

(10) Verify that pipe insulation is provided
on all steam or hot water lines passing through air conditioned
spaces, and on all chilled water lines and ducts containing cold
air which pass through non-air conditioned space.

(11) Clean periodically, as required, all
lamps, lighting fixtures, reflectors, and shades to assure
maximum lighting efficiency. L

(12) A water conservation program sh&uid be
initiated to reduce the water consumption of toilet facilities to
minimum acceptable levels. Correct all water leakage. Insure
minimum allowable cpoling tower blowdown. Reduce application of'
water for aesthetiéxuses.

| (13) Post instructions covering operation
and maintenance procedures for occupants, building operators and

building managers.
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c. Individual employees and tenants of large
buildings of the State, municipalities and private sector should
be encouraged to:

(1) Turn off window air-conditioning units
shortly before the end of the business day.

(2) Close the damper which admits outside
air to minimum positica while the equipment is used for cooling,
when individual window air conditioning units are provided.

(3) Report leaky water faucets, radiators,
piﬁing, valves, etc. immediately.

(C)) Draw or partially close blinds, shades,
and draperies on the sunny side of the building.

(5) Keep windows or outside doors closed
during heating and cooling seasons.

(6) Utilize the minimum artificial light-
ing during daylight hours in rooms provided with adequate windows
or skylight illumination. (Discontinue if excessive glare or heat
gain results.)

(7) Keep other unnecessary lights turned
off, such as those in storerooms, closets, or other spaces not
being occupied.

(8) Shut off lights when leaving the
office.or other work areas. ‘

(9) Turn off electric fans, coffee makers
and other appliances when not required, particularly during peak

*

load periods.
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(10) Use stairs when possible, instead of
lelévators, particularly at quitting time or for business between
floors.

(11) Practice energy conservation at home.
Note: Copies of the above recommendations should be printed by
the State and distributed to all State workers and managers, and
adequate copies furniéhed to all proper authorized management of
municipalities and the private sector.

2, Implementation

Designate an appropriate State body to continually
oversee the 1mp1eﬁentation and updating of the energy conservation
program. This body shali have the authority and required funding
necessary to obtain private consultants to assist them.

3. Evaluation

Continually evaluate the results of the shorts
range recommendations, validate and update these recommendations .
as necessary.

4. Regulatory Codes

Establish national regulatory codes to restrict
or penaliée the inefficient or wasteful energy consumer. A central
national agency should be empowered to serve as coordinator and
distributor of allocated funds for implementation of Federzl code
requirements. Not;z The U. S. report on '"Patterns of Energy |
Consumption in the United States"‘points out that many measures
it proposes require further investigation, legislation and review

for economic impact. Consequently, any implementation of any
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~ N.Y.$. Committee's recommendations on energy conservation should

be closely coordinated with those of the Federal Government.

Wi
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B. MIDDLE RANGE

1. Mandatory Requirement For Only State Buildings

Require each State facility to implement the
recommendations on energy conservation of this section. This
implementation shall include the planning of capital improvements
and manpower necessary to realize these energy savings, plus any
required executive orders. (The State should print and distribute
copies of this report to each State fac;lity.)

The proposed recommendations for each State
facility are as follows:

a. All items of previous section on short-range
recommendations which have not been implemented. |

b. Assign a top management official and staff
personnel at each major State facility to monitor and supervise
the energy conservation effort to insure that prescribed guide-
lines are being carried out. |

Cs Publicize the use of strict consérvation
practices through announcements at staff meetings, noﬁices postéd'
on bulletin boards, and‘newsletters. Where reductions in equipe
ment use are made in public buildings or facilities, post notices
describing why thig is necessary.

d.  Implement occupancy étandards and minimum
environmental limits developed in the Detailed Study of this
report, by occupants, and facility managers and operators.

e. Consider. advancing the working hours.in
areas where employees occupy air conditioned buildings, so that

quitting time occurs prior to the period of peakload demand at
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which time air conditioning would be shut down. Consideration
should also be given to shutting down of air conditioning equipment
prior to quitting time. Staggering office building hours and use
of air conditioning this way will help reduce the peakload demand.

f. Re.chedule work requiring large amounts of
power to avoid peakload period, as feasible. If possible, post-
pone such work during periods of extended warm weather.

2. Distribution of this Report

Print and distribute copies of this report to the
operators of all 1arge non-state buildings and request their
voluntary implementation of its energy conservation guidelines
an& subsequent management tachniques.

3. Prototype Implementation

On an existing large building implement the recom-
mendations of this report as a prototype te quantify conservation of
energy principles and any possible resulting reduced maintenance and

operation costs.,

4, Cost/Benefit Analysis

Each building owner should have a cost/benefit
analysis to document allocation of funds for their maintenance and
rehabilitation needs.

Se Environmental Pollution vs Energy Crisis

Initiate a complete study to review and evaluate
the existing environmental pollution codes versus the Energy/Fuel
Crisis. Rcvise the criteria in N.Y.S. pollution codes, accord-

ingly, to reflect the requirements of existing energy crisis, if
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allowable by U. S. Government standards. Bring this problem to
duly authorized Federal authorities if changes required cannot
be accomplished.

6. Industrial Sector Study

Encourage private sector representatives of some
major industrial processing plants and off-site utility generating
plants to conduct studies to recommend energy-effiCient maintenance

and operation of the industrial sector.

bt
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C.  LONG RANGE
l. Review and revise public utilities rate structures
to encourage energy conservation.
2. Establish tax incentives aimed at energy con-

servation.

C-45




HIOX MaN JO 9381S
UOTSSTWRIO) SOTAXIS OTTANd
UOTSTAT( JIamad
uor3o9s sjxodsy
TeoT3ST983S PUB S3TPn3s FuLIdaudug ‘JaTyd
BN °d I9NTed

WBWITEYD=0) 9523 TUWO) OH PV
UOTSSTUmO) JDFAIHS OTTQRd

usmreda( 2ATINOSXT = JIOX M JO 3318IS
S9O0TAISS TeIsus) JO 99TIJ0
dnoxn uorlonI3suo) pue uIrsal ‘I03OSITJ
*Ip ‘suansls LaxsH

UBWITRY) 9933 Twmmo) O0H PY
dnoayy woTjonIZsEUO) Pur UITES(QI
S30TAISS TBISUSD JO DTFI0-

juamjredag aATINOSXH - NIOX M3N JO 93®3S
(Sp0) s90TAZag TRIBUSD JO 3OTIJ0 ©ISUOTSSTUOD UOTJO3IT( 9933 TUWO) O0H PY TTBIaAD
BIeH,0 "0 °Yy TeIsusy 9933 Tumo) ABxouy puw TsNg Tejusmiredeprajul

D-1

Fugquasaxdey

WITqd pus 3ureN

SHHEWHN HE.LLINWOD

SONICIING JOUVT NI AONEIOIJ4E ADHANT NO TALLINA0D OO0H 4V

I XTANBIY




. *s3uTjoauw puagle 09 2TqRUN SBM x

838Uy ‘suorgeorTddy
3uTqyST] pur S35S300xd TRIIISNPUI
9383y D Y -~

quoptsaad 99TA .
Jsutean °) Thed -~ U0T}BTO0SSY A3xsudg OTIFOSTH

smo3shg L3xsuy ©IaFeusy
Bzaq07 *p Sewoyg . UOTYBTOOSSY §8Y) USDTISWY

ATeja108g anTINOSXT

»SUeAd *H uTweluag (dv¥d) °In3TIsuUI yoxesssy JurpTmg
pueTpstTii pue Treqdwen (EISN) tour ©sJesutsuz
puBTPaTXI °I UBTY TeucTssagoxd Jo A3°T00S 93e3S NIOK MoN YL

quamasdsq QAATINOSXT - IOX MON JO 93835
S30TAJSG TBRISUID JO BOTIJO

dnoxyn UWOTFONIFSUO) pur UI TSI JIOJBUTPIOO) 9933 TUMOIqNS
Joautdug 3uTgwITiusy pus Juriesy Tedrourxg dnoxy moTjonIASUO) puvw UBTSS(Q
UOYOT °*f 83J08Y S90TAJIRS TBIDUID JO 9OTII0
S93BTO0OSEY pue UTa31S D PIBUOTYH UBMITEY) 9933TWIWOIQNS
UT93S D PIsYOTH (VIV) *oul €s3093TUDIY JO UOTIBTVOSSY 9383S NIOK M3N
WITI pus SureN _ Futiaasaxday

SISqUI] 2933 THIOINS UBTS3(Q

V]
| ]
(=]




- qusudoTaad] pue )
sTsATeuy ‘SutuueTd JO JOFOAITQA qusmiredag SATINOSXT = HIOX MSN JO 85838
e8pTad W UTTHUBII °Id JuswuIaLo) Ted0T JI0F SOTII0
JJooTeM °Y LaassH -
SutasauTIug
pue U3ISSF ‘I030°xtd LAndsg
oxaued °*°y TIeD = uoTqeIodro) qusmdoTaas( Wweqa 97838 NIOX MoN
00saTang *S OTIE] =

JSUOTSSTUWO) JUBISTSSY jusmgasddq @ATINOSXT = HIOX MON JO 9383S
eng ‘W uoj3Tol -~ TeMsusy A3Tunuo) pus SUTSNOH JO UOTSTAIQ

20uUaIMET °*M SOTXeY) °*Id =

L\l
]
A

J3UOC IS S TUWO)
utalg ydssop

sutpTmg Jo juowiredsq £3TD FIOX MaN

I93UuTdud JJeqs
ooadsay °r 3x9qo0y

juapisald SOTA
youf1 °@ 3x2q0d

*ouT €93n3T3SuT Tend TTO TBUOTIEBN

WIT] pue oueN . . 4 PuTjuUasoxdoy

(P,3u0D) SISqUY] 9933 TUMOIQNS ustsaq




swelshs ABxsuy ©aeFeugy . _
339907 °{ Ssewoyy v UOTZBTO08SY SB) UBRDTISWY

uotjzexodio) s3UTpTING STJIN
SutIesuUISUT X0 JUSPISAII 20TA
siyIed D pIeuod] UOT3eTOOSSY SJIBUM) PUB JUTPTINg JuT3saaul
Aessuarey UBA JILIDD =

J0303XT(q SutSeusy ) UBILITEY) 9913 TUMOOqNS
Spaeqotry ‘g Tned - *oul ¢9383S NJIOX MAN JO SI030eIjUO) BUTpTIng Texausad

=
[]
(=]

SIaqUay ©9393 TWWOOqRS UOTONIZSUO)

uosqry) Aoxvg *n =
HIOX MBN JO °3e3S

quamdoTaAa] JO I03991Tq uotgyex0dao)
09STITH Wuexy - - juswanoIduy S9T4TTTORd SUSTIAH TejUsS Pue YITESH
J0303IT@ AATINOIXY _
uossusp °4 uyop , . 8IN3093TYOIY U0 TTOUNO) 938%S MNIOX MK

WITd pue SueN Futrquasaxday

(P,qu0)) SIoquay o933 TUmOOqNS UBTsQ




Juamgredagq
~ BATINOSXE = JJIOX MoN JO 93%3S
S30TAISS TBISUS) JOo ITIJO
dnoan uoT3ONIISUOS pur UITSI(J
xostazadng 30TIISTd
wh1d °d ATust

xaBsue q99foxd
uBXO °f °d "M Tned

Sutassutdulg
pue udtseq ‘Io3oaarq Andaq
odaued M TLBD

I99utdud JFels
ooadsay °r 3xaqoy

JUSPTSaLd 9OTA
youkT *q 330q0Y

Jageugy €suorgworrddy
BuTayITI puB Ba8set0dd TeTI3snpul
‘ a3edpy °*H X

JUSPTSaId SOTA
I3UTaL) *D Tned

WITI pUe ey

dnoxn uoT3ONI}sUO) Pur UBTSIQ
S20TAISS TBISUIN JO 9ITII0

YJIOX MON JO 99835 Su3 Jo A3TIouFnNy ATojTuIoq

uotgexodio) qusmioTaAx] Ueqay 93838 YIOX MoN

*oul ‘en3TISUL Tond TIO TBUOTIEN

UOTIBTOOSSY hw.»mnm 0TI309TH

sutjusasaxday

(P,3u0D) SIaqWI] 9933 TUMOOQNS UOTFONIFSUOD

mn
[}
=]




) R pnmap.dmmon
gavzomﬁm HI0% MoN Jo- wp.mpm»
dncan uo1)onI3sHo) pue uIise(q

§90TAISS TeISUSH JO OTIIO-

JuTuuwed . a03BUTPI0O) wvuuﬁgounsm
UOT3B1TTTARYSY JO UOTSTATJ ‘I0303ITd - dnoxp vorzonaysuo) pue udTsa(

90TId PpIBUIS] S90TAJISG TeIausn JO 3DTII0

SISaUTIUY JUTIINSU0)
sutqqod pue suead ‘adoqd ‘juspisaid

- odod ToBUOTH (0FD) *our ‘sxesutBuy JUTITNSUOD JO UOTBTOOSSY HIOX MIN

SIoqu] 2933 TUWOOqNS SUOTJBIA() PUE 9OUBUIJUTEN

o]
. []
PIEMOH UeTY , uoTaex0dIo) UOTFONISUOS STIFPENSJ UOIT A
JuspTsaad
y3rug ‘W °r _ *our ‘Ausdwo) OTIFOSTH YFTWS .
jJusptrsaad :
*ap ‘suryduwol ‘M °dF . oul ‘Auedmo) sutydwol M I

BuTuwsTd SSTITITO®RL
TsuoI3BONPd JO UOISTATJ ‘J0399xT(d
Ftssauy *d WweTTTIIM quamiaedad UOT3EONDE 9383S NIOX Mép

WITd pus SwWeN Jutqussaxdsy

(P,3u0)) SIoquay 9933 TUMOIGRS UOTFONIFSUO)




JoBeuey] 3o9fcxd )
UBIOW L *d "M Tued . SI0X M3N JOo 83835 9Y3 Jo A3TIOoUINY AJ03TULIOQ

swolshs A3xouy € IoFvugy]
8xsqol °r swwoyl UOTJBTIOOSSY SBY UBOTIIWY

I93UTuY JFels
ooadgay °f 3I9q04 -~

JUSDPTESXI IOTA .
YoulT *Q 3I9q0¥ =~ *our ‘@9nqisul Iang TI0 TBUOTIEN

Jadeugy €suoryeoTTddy
SuTuITI pur 89889004 TeTJIISNDUT
2783py Y -

b~
1
=l

Jusptsaxd SOTA .
Jautaxy °) mTned - UOTFBTOO8SY AZIouyq OTIO0STH

*oul ‘pIatJeyeM pue UsWUSN)
JUapISald 8OTA
Jaxeayg )y =

JI93uUa) .nwﬂ”whmmwom -JO Jsoutduyg JOTUD MJIOX MBN I938IIH
9TITITI a8x02n =~ JO UOT3eIOO0SSYy SJIafeusy pus SIsumM) 3utpiind
wITd pue sureN . Butqusssadey

(P,3u0)) SIequay 9933TWWOONNS SUOTIBISA) PUR SOUBUSIUTEW




JoZeusy TeIaus)
paogueT g Xedsg “Jag

$20J01089y JITY JO UOISTAIQ
Joautduy AIejTuRg JOTUDS
Bejuuog g 20BTTEM

SOTJTITH) JO IOFBUTPIOOD
sumg *T uo3Td

mﬂo.nu uotyrxado
pue JUTUUBRTd S9TITTIOB] ‘I030aXTd
uel3g °D wyop

Josouldug uoTIONIXASuo) Surpring -
spunoy °q spuelDd

S8OTAJIOS TRUOTIZNITISUI JO X0303ITI(d
¥oqxy °M uydesop

Ja3eugy ssautrsng
£o833], WBTTTIM

I3anseag]~L 18991093
MBIDIN TeTue(q

| Wity pue oweN

punJ UOTONIZSUO) AFTSIAATU] 93E3S

NIOX M3 JO 93B3S
UOTIBAJISSUO) TEIUSNMOITAUF JO Fusmpredsq

qusmareds] aATINOSXE = NIOX MON JO 93838
S90TAIRS TBISU3D JO SOTLIFO

HI0X M8N JO 33e3ls
auaTdfy TejUady JO Fuswixedaqg

sxoautdud Butiexsdp JO 20USISIUOD 23BIS HIOK M3

JuTaussaoxday

(P,3u0)) saoquay 9933 TIOOQNS SUOTFBISA) PUB SOUBUSJUTEY]

D=8




h Tl

(e)
[}
/A

JueTd TeOTsAyd JO I0303xtTQ
*ap ‘Fzouyond °4 uyop AuBqQTy %e NI0X MaN Jo AQTSIGATUN 93%3S
sooTagag jxoddng Jueiq
TeoTsAyd £3ISIaaTu) 333§ I03108I1I(

3aeque] *p preEUod MIOX MON Jo A3TSIAATUN 93B3S

suTjussaxday

WITJ pue aurey

(p,3u0D) sxaquay 9933 TUMODGNS SUOTIBISAD pUe SOURUDJUTEN




APPENDIX E

DEFINITIONS

1. Demand Limiters are devices which control and limit the

demand on a particular circult or item of equipment. When the
demand reaches a pre-set limit, that circuit is automatically dis-
connected. Démand limiters are usually installed with automatic

priority selectors.

2. Economy Cycle is a design method aimed at reducing op-

erating cost of a HVAC system. It is basically the design, control
and actuation of valves, dampers, etc. to use and blend outside and

return air to obtain the mirimum in preheating and precooling costs.

3. Energy as used in this report includes the natural sources
of energy such as coal, gas, oil, other fuels, and water. Energy
shall be further used to include its distribution and form such as

electricity, steam, hot water, chilled water, etc.

4. Groups of large Buildings as used in this report are limited

to three groups. These are commercial, institutional, and multi-
dwelling.

a. Commercial Buildings shall include office buildings,

mercantile offices, shopping centers, and general assembly structures -

such as field houses, theaters, etc.
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b. Institutional Buildings shall inelude hospitals, nursing

homes, universities and schools, correctional facilities, etc.

c. Multi-dwelling Residential Complexes shall include

hotels, apartment houses, dormitories, housing developments with

central utilities, etc.

5. Power Factor is the ratio of actual power used (kilowatts)

to the power which is apparently being drawn from the utility

(kilovolt-ampere).

6. Priority Selectors are manual or automatic selection of

electric circuits to be energized and de-energized, based on the

priority or importance of the equipment on that circuit.

7. Reactive Charge is the utility's charge to the customer

for the reactive power. Reactive power is when the apparent power
(kilovolt-amperes) exceeds the actual power (kilowatts). Reactive

power occurs when the lagging power factor is less than 1.0.

ABBREVIATIONS

1. ASHRAE - American Soclety of Heating, Refrigerating and
Air Conditioning Engineers

2, HVAC - Heating, Ventilating, and Air Conditioning
3. IES = Illuminating Engineering Soclety

4, M& 0 - Maintenance and Operations

5. ™ - Preventive Maintenance

6. N.Y.S. - New York State
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