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Cape Coral, Florida

ABSTRACT

The strategic energy related opportunities in manufacturing which
sharply reduce production costs are often never identified. Even when
identified, these low-risk investments, which provide very compelling
financial returns, are often rejected when non-energy related invest-
ments, which have a higher risk and less compelling financial results,
are implemented.

In part one of this article, we explained why the energy opportu-
nities which will radically improve business results must be built upon
manufacturing initiatives, not conservation. Energy productivity is the
focus.

It’s not about energy savings. It is about optimizing energy as a
factor of production, leading to an energy epiphany. The best opportu-
nities will improve the production rate, which may increase or decrease
energy use.

With the conventional, less effective, energy conservation methods,
the “energy auditor” (a word we shouldn’t use) looks for which of the
usual energy saving technologies “fit” at a plant. This is like a solution
seeking a problem, and often leads only to superficial improvements. It
is far more effective to find the root opportunities first.

In part two of this series, “energy productivity,” a unique analysis
methodology will be presented. It is effective in discovering the energy
productivity opportunity within the manufacturing initiatives-based
strategy. With the energy productivity approach, we aren’t looking for
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anything in particular; the manner in which we gather unbiased facts
about the plant energy processes will simply show us the fundamen-
tally valuable opportunities. It is backwards from the conventional
methods.

Opening up to this broader view seeking to optimize energy pro-
ductivity, the opportunity shows itself through a three-step process:

• Each production process is evaluated to define how energy adds
value in direct relation to the process parameters. This is summa-
rized in a value-added energy inventory.

• The aggregate plant energy use is measured during normal pro-
duction, during a production-ready (but no production) condition,
and during a typical no-production day. Some simple comparisons
provide a top-down value-added energy assessment. This is used
to cross check the value-added energy inventory and identify the
aggregate non-value-added energy waste. The aggregate energy
use patterns may characterize the major causes of the non-value-
added energy waste.

• Each major non-value-added energy waste is characterized by en-
gineering estimates or measurements, and summarized in a non-
value-added energy inventory in an effort to break down the losses
in relation to the total plant energy use.

THE VALUE-ADDED ENERGY INVENTORY

In prospecting for energy productivity, we first must understand
how each energy application adds value in the manufacturing process.
For these purposes, value-added energy processes would include ther-
mal processes which directly affect the product(s) or are essential to the
process environment, such as the following processes when in direct
contact with the product:

• Heating • Rinsing • Freezing
• Cooling • Process sanitation • Thawing
• Washing • Evaporation • Thermal storage
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The energy parameters (heat rates, temperatures, flows, etc.) are
analyzed in relation to the process parameters (product time and tem-
perature conditions, run rates, cycle times, etc.). The energy use is best
determined by engineering calculations based on what is accomplished
with the product itself, since this is all that really matters (such as a
temperature rise or fall over a time duration) or the changes to the
medium the product is in (such as inlet and outlet conditions in an air
drying stream or water wash flow). This is based on the combined
knowledge of operations, engineering, and maintenance personnel. It
should not be based on engineering process definitions only, as there are
likely to be some very important nuances which must be taken into
account. Each value-added use of energy is defined, in a thermal/mass
balance, so an accurate and reliable understanding of the energy require-
ments is obtained. Include all mass/energy flows entering and leaving
the process for the average (steady state) condition (not start up).

Do not be distracted by ideas which will arise during this step. Just
put these aside until later. Such distractions will take the initiative off
course and result in little improvements with little returns. These may
not even be relevant to the energy epiphany, which may show itself
later. The purpose here is to un-
derstand the energy fundamen-
tals of the processes, individu-
ally and in relationship to each
other.

This analysis provides sev-
eral results:

• The process requirements
for energy are clearly de-
fined. This knowledge is
essential to ground any
energy productivity pro-
posal in the process itself
and assure that any pro-
posal will (at least) not
have any detrimental effect on production. (It should be clarified
that changes in the process specifically are not being recommended
as an energy strategy, as this is rarely (or never) worth the risk.
Rather, the focus is to assure that the required energy flows (i.e.

Early in an analysis at a textiles
plant, the application of a direct-fired
process water heater seemed to be a
great opportunity. With the poor effi-
ciency of the old boilers, and no con-
densate return, this would reduce
fuel use by over 30 percent. How-
ever, we later saw how to use hot
waste water heat recovery to reduce
the water heating by 70 percent. The
new water heater was a distraction;
it would have been a comparatively
small improvement with a longer
payback.
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200GPM of water at 185°F) are provided within any suggested
alternative).

• Synergistic opportunities for energy productivity are exposed,
such as pre-heating process hot water by heat recovery cooling of
a process refrigeration system.

• Opportunities to accelerate energy delivery or improve energy
control may be discovered, which will enhance production rates or
reduce process variation. For example, faster response removal of
non-condensables from process steam is often easily accomplished,
accelerating heat-up cycle times.

This analysis need not involve a great expense to provide meter-
ing. The best measurements would be based on the product flow itself
(such as a pasteurization process) or the product medium (such as a
wash line flow), which is probably already monitored in detail. Other-
wise, there are often rather easy methods to approximate the thermody-
namic properties and mass flows. This is particularly true of heating and
cooling which involves water (or any liquid), where it’s much easier to
observe the flow rates and temperatures with reasonable accuracy than
to attempt to measure steam flows or refrigeration loads. When neces-
sary, steam can be measured as condensate by counting condensate
pump cycles of known volume, or just collecting the condensate in a
barrel half filled with cold water.

In most plants, the true relationships of energy use to the produc-
tion processes are not clearly known. Energy use characteristics are
known only in aggregate terms. Through this analysis process, a better
understanding of the production process itself will result, which often
leads to large and simple energy productivity enhancements. Typical
results have included:

• Heat recovery from hot waste water from a fabric washing process
to pre-heat water for the same process at a textiles plant, which cut
energy and related operating costs by $530,000 (over 70 percent)
and sharply reduced capital cost to replace a 70-year-old steam
plant.

• The use of hot water from food processing product cooling as
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water feedstock to the same process (in lieu of cold water make).
This eliminated the cycle time and energy needed for pre-heating
the blended raw product mix and the need for a large boiler re-
placement. The energy savings were over $400,000; the project cost
was less than the averted boiler replacement.

• Heat recovery cooling of air compressors providing hot process
water up to 175°F.

THE TOP-DOWN VALUE-ADDED ENERGY ASSESSMENT

The energy inventory is then integrated within a top-down (big
picture) analysis of the energy use characteristics during normal produc-
tion in comparison to a production-ready condition, and during no pro-
duction downtime. These are compared in some simple ratios to find the
easiest and most lucrative opportunities.

Energy use during downtime is measured, which provides the
baseline non-value-added use. If space heating is involved, the measure-
ment should be taken during the non-space heating season. Except for
any product thermal storage, this is all waste.

Energy use during normal production is measured. As a ratio of
downtime use/production use, several cases over 90 percent waste on
this basis have been noted; 50 percent waste is not uncommon. A high
percentage compels site analysis to find the root cause of such problems
as:

• Steam trap leaks or other distribution piping losses.
• Sub-optimum boiler operation practices or related control prob-

lems.
• Sub-optimum process shutdown practices.

Energy use during a typical production-ready (but no production)
condition is measured. The production-ready use, less the downtime use
provides the aggregate of non-value-added process loads, which relates
to losses in the process itself such as:

• Sub-optimum process controls.
• Leaks or other types of energy losses directly related to processes.
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The energy use during normal production, less production-ready
energy use, roughly indicates the value-added energy use, which serves
to cross check the value-added energy inventory described previously.
This usually leads to some further scrutiny of the production processes
to assure that a reasonably accurate relationship of energy use to the
process has been developed.

A logical review of existing data, such as the daily boiler logs
charted in Figure 1, will usually show an informative picture of the
overall top-down energy characteristics. In this example, the steam base
load doesn’t change during the downtime period over a few weeks in
the summer. The system waste in the summer is about 20,000 PPH; the
typical value-added use is the ‘noise’ on the summer curve of 5,000
PPH. Hence, waste is about 80 percent of input in the summer. The ir-
regularly occurring 20,000 PPH summer load spikes were caused by the
EMCS irrationally activating space heating. Warm periods during the
space heating season show very high steam loads (see around April 1),
which indicates a winter waste of 40,000 to 60,000 PPH. The energy
inventory in this case, including steam generation losses, indicated over
90 percent waste.

Figure 1
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THE NON-VALUE-ADDED ENERGY INVENTORY

As stated earlier, the energy supply systems are not the first focus,
they are last. Now is the time to identify these supply side losses with
a more comprehensive technique.

The energy parameters (temperatures, flow rates, and physical
conditions) of each major non-value-added energy waste are character-
ized to determine the average rate of energy waste for each, which is
summarized in a non-value-added energy inventory. These non-value-
added energy processes would be all other energy processes, including
losses related to supply systems and any discarded flow streams, such
as the following processes which are not in direct contact with the prod-
uct:

• Steam generation • Facility heating or cooling
• Steam distribution • Air compressor cooling
• Steam traps • Compressed air after coolers & dryers
• Condensate losses • Refrigeration condensers
• Hot waste water • Exhaust stacks

(after washing or rinsing)

If the process uses hot water, the cooling processes which are not
directly associated with the manufacturing processes should be included
in the research, such as air compressor cooling systems and any sizable
air conditioning condensers. The equipment whereby energy is thrown
away (steam vents, condensers, cooling towers, once-thru cooling water)
is of special interest. If there is reasonable proximity, these systems may
provide a good opportunity for free process heat.

THE ASSEMBLED ENERGY INVENTORY

The value- and non-value-added energy inventories are combined,
totaled, and compared to the top-down total plant use (again, during
steady state, not start up, conditions). A close balance is not expected
since the total metered use will include start-up loads. The intent is to
drive the analysis process until all process heat requirements and the
major non-value-added waste are identified.

The results of the study should be accumulated in a data table
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showing the relationship of value-added and non-value-added energy
loads in relation to the top-down energy use measurement. The data
table should also summarize each concurrent cooling process in relation
to the associated manufacturing processes, or the plant in general. All
should include the supporting process parameters, relevant supporting
basis data, and typical operating schedules for each energy use.

This analysis often needs to be assembled for the space heating and
non-space heating seasons separately in order to correlate to top-down
metering data.

The supporting basis data are provided for a simplified (produc-
tion, non-space heating season) example energy inventory in Table 1A.
The energy usage and annualized extrapolation for each use is provided
in Table 1B. In this example, further research is needed to find a signifi-
cant amount of unaccounted for fuel usage. From this preliminary infor-
mation, the value-added process parameters would be verified in detail
to confirm that all process steam has been accurately addressed. Then
the plant must be reviewed again for non-value-added losses. A close
balance is not expected; the drive is to characterize all production needs
and identify all uses which have an appreciable impact.

The top-down energy value-added energy assessment should be
summarized and charted with interpretations. Data summaries should
be prepared indicating the proportion of non-value-added energy waste.
Charts to assist in seeing the overall picture should be developed as
needed (similar to the steam chart provided earlier).

See that all major uses are accounted for and that the data make
sense top-down and bottom-up. Further verification or additional infor-
mation is likely to be necessary, several times.

This often shows that well over 50 percent of usage provides no
value, which inspires scrutiny on the definitive causes and corrective
measures to reduce this waste. With a comprehensive understanding of
the plant value-added energy processes, and some good creative think-
ing, the focus is clarified as to where the major opportunities will be
found. Time wasted researching dead ends or chasing rainbows is
avoided. Radical improvements in supply system efficiency may be
possible at very little or no cost.

In some cases, a major opportunity, which others have missed, is
discovered after many attempts. Some examples of supply side cost
reductions include:
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• Operational changes to steam distribution—annual savings
$100,000/Cost $0.

• Improvements to steam distribution piping to allow large-scale
shut down of space heating and most of the plant steam supply
piping in the summer—several cases in the 1- to 3-year payback
range reducing summer loads by 20 percent or more.

• Proactive annual steam trap maintenance reducing steam loads by
20 percent or more, with payback in a few months.

• The ‘typical’ boiler operations improvements such as automatic
blow down TDS control; blow down heat recovery, economizers,
and combustion control, though fewer boilers will warrant these
investments if the base load is reduced.

ENERGY PRODUCTIVITY MODELING

Regular discussion in which the preliminary findings are reviewed
and people share ideas and questions among those directly involved in
the analysis is suggested. This may result in some additional gathering
and/or verification of information. Put together a rough list of ideas,
without judgments.

There may be several ideas on the table which look attractive:

• Some are mutually exclusive;

• Some value-added side ideas may be affected by whether or not
efficiency improvements on the supply side are implemented;

• And vice versa, some supply side opportunities may only be pos-
sible if certain ideas on the value-added side are implemented;

• Some are independent ideas which stand alone.

Maybe an energy epiphany has surfaced, or at least you think it
has. Make no decisions at this point on what to recommend or not rec-
ommend.
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Give it some time. If there is a strategic opportunity, it will show itself
in the comprehensive energy assessment which has now been assembled
with patient review of the fundamentals in the energy inventory. Don’t
be distracted by some of the usual suspects who are also present. Deal
with them later if they aren’t swallowed by the strategic opportunity.

Create a separate file of the energy inventory, copied from the ini-
tial inventory, to develop an energy productivity model incorporating
the improvements which are under consideration. Different sets of ideas
which are mutually exclusive will need to be assembled in separate
models. In each model, start with improvements in value-added loads
first, then modify the supply side (non-value-added) impacts propor-
tionately, then model improvements to the supply side last. This ap-
proach eliminates errors in overstating the impact from related improve-
ments, such as over-estimating a boiler efficiency savings on the basis of
the existing higher steam loads which will be sharply reduced by other
measures.

After considerations to optimize energy productivity at the process
level first and then reducing the non-value-added waste, the total re-
quirement for energy supply is redefined, often at a substantially lower
level. Only at this point can the optimization of the energy supply sys-
tem be effectively considered. In this order, investment in supply capac-
ity or efficiency for energy services which are actually not needed is
avoided. For example, where prior planning showed one of the boilers
needed to be replaced or substantially upgraded, the need for that boiler
was eliminated.

The bottom line impact of a set of improvements is simply deter-
mined by subtracting the energy productivity model total use from the
existing systems energy inventory.

CONCLUSION

In about one of every five plants, this energy productivity strategy
and the supporting value-added analysis methods focused the plant’s
energy processes from an entirely new perspective, leading to improve-
ments of 40 percent or more, which sometimes also increased manufac-
turing output.

For example, an energy epiphany is lurking in the simplified case
provided in Tables 1A & 1B. These tables show a simple, single change
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that will reduce process energy use by over 50 percent and increase
plant output. It had been obscured for over 40 years of operation and
missed in recent detailed analysis by three site “energy audit” teams.

You can find it.
The energy epiphany is grounded in the manufacturing process,

not conservation.
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