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ABSTRACT

This paper will attempt to show how each major system
or subsystem should be reviewed and analyzed, both from
a practical and theoretical viewpoint. We will show how
each engineering design concept or piece of equipment
should be analyzed, both from a mathematical modeling
analysis standpoint and from a historical or case history
documentation points of view. We will show then how
each of these analytical parameters (practical, theoretical,
mathematical modeling and historical) can be compared
with one another for validation of the approach by having
originated from different points of view. These methods
as used, are unique in the presentation of innovative
Value Engineering (VE), Value Analysis (VA) and Value
Management (VM) approaches which many
organizations do not thoroughly research nor apply
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properly. In addition, drawings, tabulated documented
tables, photographs and various types of diagrams should
be used to supplement and complement the VE, VA and
VM study and evaluation. We will present a cross matrix
comparison of how one trade or discipline affects another
and how it should be evaluated in terms of the fact that a
reduction in lighting energy additionally saves half again
as much energy in air conditioning. An analysis should
be made of where the lighting energy is used and
converted into heat and how it affects air conditioning
loads, inclusive of their peripheral equipment. In some
instances a lower energy consuming lighting system
within the floor to ceiling office cavity space can increase
total energy use.

FUNCTIONAL ANALYSIS
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Functional Analysis is the key differential between VA,
VE, VM and all other management processes and
procedures. You must make sure that this is featured in
all of your workshops and presentations.

You must use worksheets that highlight the functions of
the work as designed and the functions actually required.
This emphasizes any anomaly between the two and thus
makes it obvious that there is a potential for saving by
eliminating or modifying the unnecessary functions.

Have the team identify the functions using two words: an
ACTIVE VERB and a MEASURABLE NOUN. Many
construction professionals initially balk at this seemingly
juvenile approach to a technical problem, but when they
sec how it leads to new solutions, they marvel and
become advocates of FUNCTIONAL ANALYSIS.

Another way to assure the VA/VE/VM Team applies
Functional Analysis is using the FUNCTIONAL
ANALYSIS SYSTEMS TECHNIQUE as recommended
by 1ts originator, Charles Bytheway. Have the team
identify all the functions of the original design and
assemble them, frequently by using movable cards pinned
or taped to a wall, so that their relationship to each other,
in accordance with the rules of FAST, is obvious. When
possible, have the team assign costs to each function,
even if 1t 1s only an order of magnitude, so that the
possible cost savings are more apparent.

Then have the tecam carefully consider the necessity for
each function. Those that are questionable are marked as
VE targets for change or elimination.

Now that the team is conditioned for change, consider
each function, rather than each system as is the normal
approach by a designer and a stream of ideas flows,
leading inevitably to a better, more cost effective solution.

FUNCTIONAL ANALYSIS IS THE KEY TO VALUE
ENGINEERING.

INTRODUCTION

Although most VE/VA is done by a five or six man team,
it is often more practical, particularly in a small concern,
to have a three or four man, architectural, mechanical,
electrical and plumbing VE team. The examples that
follow are the result of a four-man team. As the
alternates were generated they were researched from a
cost and function point of view; the recommendation of
that evaluation is presented for your consideration.
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Some of the unusual features of the value index
cost/worth ratios is the approach to the use of VE, VA
and VM methods to uncover areas of wastage and
increased life cycle cost (LCC). Mathematical modeling
should be used extensively to validate conclusions
reached and to evaluate the magnitude of those savings.
Some of the specific topics that will be covered and
discussed in detail are known 1n the literature, but are
seldom used or are misapplied. Unusual features that
have been uncovered: use higher voltages with lower
current densities and thus smaller wire sizes which
reduces line losses in the form of heat and use power
factor correction to reduce current densities and energy
use. Energy efficient motors, with moderate additional
first cost should be used and their payback periods
analyzed. An analysis should be made of central building
automation system (BAS) controls and how they can be
used to reduce peak demand charges. We have
uncovered the little known but hidden fact that BAS
systems can increase maintenance and replacement costs
due to more frequent starting and stopping of machinery
which can cause premature failure. However, this
situation can be alleviated using proper on/off duty
cycling.

LCC,SYSTEMS AND TRADE-OFF ANALYSIS
METHODOLOGY

Life-cycle-costing (LCC) 1s not VE, it 1s another
technique used to evaluate alternatives in the
development phase of the job plan. LCC is used to
compare the total cost of competing alternatives for
satisfying IDENTICAL functions. The lowest LCC is not
always the best value, yet, LCC is always part of the value
equation when deciding on the alternatives to
recommend.

In the construction industry the traditional method of
procurement is the development of detailed plans and
specifications and/or Performance Specifications for a
project which outlines the methods and materials to be
used as well as the dimensions, shapes and sizes, etc.

Performance specifications are made up of 3 elements:

1. requirements (these are functions)
2. criteria
3. tests

Using performance specifications, all solutions that meet
the function or requirements, within the criteria specified
and pass the tests indicated are acceptable solutions.
Hence, a structure that supports a load, with a criteria of
100 pounds per square foot, can be made of steel or
concrete as long as it passes the test specified to assure
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that all criteria are met.

In actuality, the structure may be specified to meet a
series of functions and criteria simultaneously such as:
resist deflection, resist swaying, etc. When performance
specifications are used, the contractor has a wide
opportunity to perform function analysis, systems analysis
and VE in proposing solutions.

System analysis is a systematic examination of the cost,
benefits and risks of alternatives. System analysis
emphasizes consideration of inter-relationship within and
between systems.

A VE, function-cost-worth, approach can contribute in
developing the alternatives to be analyzed under a
systems analysis effort and performing VE at the
conceptual design stage widens the range of choices and
establishes an overall total system cost consistent with the
worth of the system functions.

Design-to-cost is a technique that places cost equal in
importance to performance and schedule. VE can
contribute to setting construction cost and requirements
targets closer to the worth of the system function and/or
by performing VE during the design of the systems you
can achieve the cost targets.

Trade-off analysis implies a sacrifice, the giving up of
one thing to get something else, but the objective of VE
is to lower cost while at the same time achieving all
necessary quality and performance. This seems to imply
that VE cannot perform or contribute to trade-offs and
still meet that objective.

VE makes necessary function or minimum performance
levels a constant. These may not be reduced as a result of
the VE effort. However, VE helps in trading-off desires
rather than needs. The way of achieving minimum
performance levels can be altered through VE.

A comparative estimate is the most common type of VE
estimate for a value study, a gross cost estimate is also
called a parameter estimate and a detailed cost estimate
is often called the pricing of a bill of materials. A cost
model is often used to depict project scope, quantities,
parameters and items of work. In manufacturing and the
construction industry, a cost model is often referred to as
a work breakdown structure.

CENTRAL HEATING FURNACE DESIGN

For residential buildings, the conventional design
approach is to use a centrally located fossil fuel (gas or
oil) furnace which usually totally negates energy savings,
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the value index cost/worth ratio, net gain, or accrued
value of installing double-glazed windows or adding
additional thermal insulation. By the simple expediency
of ducting outside combustion air into a centrally located
furnace, you can reduce the size of the heating plant,
reduce energy bills and maximize benefits from energy
saving techniques such as caulking, increased insulation,
double or triple glazing and/or storm doors and windows.

PROLONGING ROOF LIFE AND REDUCING
COOLING LOADS

The effect of how the color of a roof can affect its
longevity and the heat load imposed on the structure
during the summer months must be evaluated so as to
decrease the air conditioning (AC) energy use and its
related costs. Ridge vents in the apex of the roof, roof
mounted gravity fans and attic fans can reduce heat loads
so that the total energy consumed by fans and AC
equipment can be substantially reduced. The color of
asphalt and/or fiberglass shingles (tiles) should be
considered before the selection or design of a residence,
apartment or condominium office complex. Dark colored
roofing material such as black, dark green, red or brown,
have more maintenance problems and shorter usable life
spans. They also create higher AC loads, higher energy
consumption and thus higher electric bills in the summer.
This increases the energy expenditure for mining and
refining and can cause the installation of more finished
goods and also increases future energy use and
accompanying maintenance costs because the darker roof
material increases the AC loads. Light colored roof
shingles not only reflect more light and absorb less heat,
but allow the material to operate cooler during the entire
day which reduces attendant AC energy consumption and
bills. The lighter colored roof shingles also last longer.
A roof of light-colored material may last upwards of 30
years, whereas very dark roof materials may last only 10
to 12 years. Considering all the alternatives for this
system, a VE analysis gave this for a cost comparison: a
3-to-1 roof longevity increase and a 2-to-1 energy
consumption reduction both in summer and winter. An
economic analysis is also referred to as cost effectiveness
or cost-benefit or present value analysis.

ALL YEAR LONG ENERGY SAVING
DESTRATIFICATION FANS

To minimize high energy heat costs in the winter and
minimize high AC, costs in the summer caused by high
bay ceilings and cathedral ceiling construction, you
should use destratification fans. In the winter, reducing
large temperature differentials between the ceiling or roof
and the floor area by destratification techniques results in
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substantial heat energy savings. In the summer months,
recirculating the air and creating air movement increases
AC electric energy savings. There are many structures
that have high bay ceilings such as bowling alleys,
underground subway metro rail stations, manufacturing
plants, aircraft hangers, butler building indoor swimming
pools, repair shops and auditoriums. Other structures
that have cathedral beam ceilings are churches,
auditoriums, condominiums and single family detached
residences and condominium offices. Some structures
such as greenhouses, arboretums, conservatories and
botanical gardens have very tall and fairly large glass
enclosed structures that retain a majority of the heat up
near the top elevation of the ceiling/roof of the structure
and this condition occurs all year long. What is desired
is to heat the area closest to-and adjacent to the floor level
where the occupants are and not have the heat at the
ceiling or roof area. With a large majority of the heat up
at the top of the structure, the lower level or area will be
much cooler and more uncomfortable, hence more heat
will have to be added to the room cavity space. Using
ceiling destratification fans, a more even temperature
throughout the floor to ceiling height of the room can be
obtained. Hence the occupants will be more comfortable
while the facility consumes less heat energy. Considering
all the alternatives for this system a VE analysis gave this
for a cost comparison: Twice as much energy can be
saved both in summer and winter.

WATER-SAVING/RESOURCE CONSERVING
STRATEGIES

One area of energy and resource conservation that should
have more 1mportance attached to it and is not often
seriously considered i1s water conservation through
reduced consumption. There are many water saving
techniques and instruments on the market that reduce the
quantity of water consumption while not hindering or
reducing its usage and usefulness. Water saving toilets,
urinals and faucets that reduce water, sewerage and
energy bills, conserve precious energy and resources
nationally as well as worldwide. Water-saving plumbing
technologies can contribute to minimizing first cost,
energy consumption, building operating cost and LCC.
We are seeing rapid technological changes in the
construction industry in this field. We will continue to
see rapid changes in the residential, commercial and
industrial fields in the years ahead. The industry is only
just now on the cutting edge of advances in innovative
technological changes that can potentially affect our life
styles by conserving our precious resources which are in
limited supply.

THE VALUE ENGINEERING METHODOLOGY
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Any analysis should consider various alternative
mechanical, electrical and plumbing design techniques
for the proper selection of systems and equipment to
optimize the results and benefits both in new and
renovated facilities. Substantial reduction in LCC can
result through the application of VE, VA, VM, and LCC
techniques to these highly sophisticated and complicated
systems, thus the highest cost/worth or value index
benefits will result. Value index is the ratio of cost to
worth or (cost/worth) and is a good indicator that you are
getting what you are paying for and that you can expect a
good return on investment. By comparing and evaluating
various different systems being considered under different
and varying conditions, for both new and old work, the
most cost effective design solution can result in the
building trades during the remaining decade of the 90's.
The newest technique being used today by management
is zero-based-budgeting to identify and review the cost
elements of a program or operation in relationship to
performance of a mission.

COST/WORTH/VALUE

To reduce the first cost of any construction project, items
which are the most costly must be identified, given
priority attention and costed out. Each discipline must
evaluate its own design characteristics and constraints to
ascertain the cost/worth ratio of all its systems and
subsystems. These design decisions must be weighed in
terms of how they in turn impact other disciplines. For
example, how does the design decision to save 10%. of a
specific element affect other systems? Will the decision
to change that element incur a greater increase in cost to
one or more of the other trades directly affected by it?
Worth is just a technique, not an absolute value, used
only as a tool to identify the value-index relationship of
functions. It is based upon the evaluators’ judgement and
experience. Goals are not quantified for an organization
but goals are quantified under management by objectives
theory.

REDUCING BUILDING VOLUME,
PERIMETER CURTAIN WALL AND
FENESTRATION PER FLOOR AREA

REDUCES LCC

One very important analysis that should be made of all
buildings is the ratio of usable, rentable floor area or floor
area ratio to gross floor area. The ideal situation is to
maximize the usable floor area in relation to the building
height. Hence, for a 130 foot high structure, 12 floors
with a 10'-10" floor to floor height would be more
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preferable than 10 floors with a floor-to-floor height of
13-0 feet. Another value analysis from still another point
of view is to reduce the volume of the building and hence
reduce the area of perimeter curtain wall and fenestration
to floor area by reducing the floor to floor height. First
cost per square footage of usable rental space is reduced
when the volume per floor area is reduced. With less
perimeter wall and/or fenestration that comes with
reduced volume per given floor area, not only first cost
but operating and maintenance costs are reduced, hence
reducing LCC. With reduced curtain wall and fenestration
comes reduced AC, electric or gas energy use in the
summer and reduced gas, oil or electric energy use in the
winter for heating. Lower energy use for heating,
ventilating and AC, means less operating and energy cost
all year around.

LCC AND FIRST COST TRADE-OFFS

One of many major areas that is often overlooked is how
the design decision, made between the architect and the
mechanical engineer, to increase the R Value of the
building insulation, impacts the first cost and LCC of
owning and operating a structure. A substantial increase
in the R Value in the walls and especially in the roof may
increase the buildings first cost by 1/4 to ‘% percent for
the insulation but may decrease the total first cost of the
facility by as much as 3 to S percent, due to a decrease in
the size of the mechanical heating plant. Not only is the
BTU capacity of the heating plant substantially reduced
but so is the tonnage of the chiller, which substantially
reduces the first cost of the mechanical system.
Thereafter the yearly operating, maintenance and energy
cost is usually 2 to S percent less.

EVALUATION OF VARIOUS FIRST COST
TRADE-OFFS AND LCC REDUCTION

Total system operating efficiency can be impacted by the
proper selection of reflective glass as opposed to
conventional glazing. A $60,000 increase in reflective
glass may produce a $100,000 to $150,000 first cost
savings in mechanical equipment. Less heat gain due to
the use of reflective glass may help reduce the chiller
capacity in tonnage, hence a substantial reduction in first
cost. This design decision may further leadtoa 13 to 15
percent electric energy savings annually during the four
months of summer usage of these chillers based upon
their reduction in tonnage capacity.

REDUCING ENERGY CONSUMPTION AND
LCC THROUGH THE USE OF THERMAL ICE
STORAGE
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Thermal ice storage is a viable means to reduce first
costs, operating, maintenance and energy costs and LCC.
Fiberglass storage tanks are used for chilled water storage
or ice storage. In ice storage, pipes filled with either
sodium glycol, ethylene glycol or freon, circulate back
and forth through a water filled storage tank, which is
vented to the atmosphere. The liquid-filled pipes receive
chilled liquid freon from the chiller and after passing
through the liquid storage tank in the pipe, returns to the
chiller compressor via the cooling tower. As the freon
passes through the pipes, water freezes to the exterior of
the pipe, gradually forming a thick layer of ice all around
it. The primary reason for using either the chilled water
or the ice storage system is that the chillers can be used
and run all night long at off -peak energy use times of the
day. Rather than have a 500 ton chiller run for, say 10
hours at the higher price rate structure, a 300 ton unit can
be run for, say 14 hours a day at the lowest electrical
energy rate structure during the night. This method of
operation insures that your peak demand loading and
hence peak demand charge will be less because the AC
load will not be added to the buildings day time load,
since the chillers will be running only at night. A peak
demand charge, is an adder, based upon the highest
consumption level during any 30-minute interval of the
billing month. This means that although you may usually
consume 1,000 KVA every hour, if in only one 30-minute
period that month you used 1,500 KVA, you would be
charged that rate above your normal monthly kilowatt
hour consumption of energy. The utility must maintain
and have on line equipment necessary to maintain
everyone's peak demand. Although only 70% of the
equipment may be needed to be used continuously on a
day-today basis, the utility still has to have capacity to
meet specific peak demands. They, therefore, pass this
cost on to the consumer in the form of a demand charge.
A smaller chiller installed in any facility will reduce the
demand charge, reduce the first cost, as well as the
maintenance cost of the facility.

Night time use of the chiller for thermal ice storage is less
costly in terms of energy cost per off-peak kilowatt/hour.
Ice storage gives 540 BTU's per pound of ice through the
heat of fusion process, as opposed to chilled water
storage which only gives 1 BTU per pound of water per
1 degree F difference. Thus, an ice storage tank is also
smaller and first costs will also be less.

SOLAR HOT WATER SPACE AND DOMESTIC
HOT WATER HEATING

Solar heated domestic hot water heating and space
heating can meet upwards of 40% of the total day-time
needs of a building using fiberglass insulated, hot water






