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DISCLATIMER

The contents of this report are offered as guidance. RCG/Hagler,
Bailly, Inc., Enpro Engineers Bureau Ltd. and the United States
Agency for International Development, and all technical sources
referenced 1in this report do not (a) make any warranty or
representation, express or implied, with respect to the accuracy,
completeness, or usefulness of the information, apparatus, method,
or process disclosed in this report may not infringe upon privately
owned rights; (b) assume any liabilities with respect to the use
of, or for damages resulting from, any information, apparatus,
method or process disclosed in this report. This report does not
reflect official views or policies of the above named institutions.
Mention of trade names or commercial products does not constitute
endorsement or recommendation for exclusive use.

U SS N

The contents of this report include recommendations based on data
provided by the <client plant, measurements made on site,
calculations, and engineering judgement. The conclusions reached
were based on a 1limited engagement of only about one week's
duration in the plant, and not an exhaustive engineering analysis.
RCG/Hagler, Bailly, Inc. certifies that this report conforms to the
‘level of best commercial practice for industrial energy audits of
similar level of effort, as conducted in the United States. This
report has been prepared under the guidance of a registerod
Professional Engineer, licensed to practice in the United States.
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I. EXECUTIVE SUMMARY

This report is a result of a preliminary energy audit carried out
by a team of engineers from RCG/Hagler,Bailly and EGI - Institute
for Energetics between March 5 and March 12, 1991 at the Budafok
Yeast and Alcohol Factory (BUSZESZ).

In addition to the team, RCG/Hagler,Bailly provided a complete
set of portable instruments to conduct on site measurements. EGI
prov 3ed all facilities for logistic s »port, including meeting
arrangement and translation services.

Given the scope of the assignment and resources available, it was
decided to focus the audit on sectors and subject considered as
a priority by the plant management. This means that extensive
and thorough efforts were developed by the audit team to reach
visible and short-term implementable results relating to the
goals of the audit. All activities and analyses of the
preliminary energy audit were covered by the audit team. 1In
addition, the approach and methodology were adapted to provide
continuous training to counterparts of the audit team in the
plant,.

The areas of focus of the energy audit were (1) the energy
efficiency of the power plant and (2) energy management
improvement.

In 1990, BUSZESZ purchased an amount of energy equivalent to
23,700 tons of oil equivalent, expressed in primary energy. 80%
of that primary energy demand consists of gas, the remaining 20%,
consists of electricity.

If that energy was to be imported to Hungary at the international
market price ($20 per barrel of oil), the cost would be about 3.3
million US$ in hard currency. Using the current price of energy
(March 1991), the actual energy bill paid by BUSZESZ is worth 290
million Forints.

The potential for energy savings is at least 5% of the gas energy
used in the steam and power plant, and 15% to 20% of the steam
energy demand in the process area and associated buildings.
Electric enerqgy savings of 20% of the electric energy used in the
steam and powerplant were achieved during the audit by modifying
the operating strategy of the boiler feedwater pumps. The
potential electric energy cost savings in the process area and
associated buildings is at least 10%.

The power plant is over-sized in comparison to the in-plant heat
demand. The only justification for this is the selling of energy
under the form of steam to outside clients. However the outlook
of this market looks gloom. The major clients of BUSZESZ have

RCG/Hagler, Bailly, Inc.
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decided to invest in their own boilerhouse. BUSZESZ management
believes that two main reasons may have prevailed: first the
"high" price of heat, second the "low" quality of service. In
any case, these reasons provide to BUSZESZ guidelines for a
reconquest of this market: (1) translate into the tariff of heat
the benefit of cogeneration which should bring the price of heat
to a lower level than the cost of raising steam in a non-
cogenerative plant (2) improve the quality of service: high
reliability of supply, stable condition of steam in pressure and
temper-“ure, and limited heat loss through the supply lines.

List of candidate equipment which could be procured by USAID
as part of the Emergency Efficiency Program

Action Equipment Cost in USS$

Priority list

A.l steam meters 35,000
A. flue gas analyzer 3,500
A.l computer equipment 7,000

RCG/Hagler, Bailly, Inc.
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II. INTRODUCTION TO THE PLANT
2.1 Description of the Plant and activities

Buszesz is an alcohol and yeast production plant using molasses
as raw material. BUSZESZ also dehydrates alcohol received from
various sources. Buszesz transforms sugar in molasses into
alcohol through a fermentation and distillation process. The
production of yeast has developed as an important activity of the
plant. The plant employs about 250 workers.

Buszesz is part of a trust consisting of several plants. Other
plants produce soft drinks, wine, vodka, and other beverages.
The plant located in Budafok is the largest energy user.

2.1.1 Process areas

o Production of yeast

Yeast can be produced under the form of pressed or dried yeast.
Pressed yeast is perishable and has a life duration of a few
days. Dry yeast production is more steam energy’ intensive, but
the product has a long life duration suitable for storage and
export.

Yeast production consists of growing yeast under controlled
temperature. A low level of alcohel in the fermentation tank
maintained by temperature control and residence time is critical
in the production. The yeast production is a batch process (7
tanks)

o0 Fermentation

Vessel sterilization is prepared from a growth culture and
inoculation with yeast. The alcohol production facility is a
continuous operation. The holding time is about 6 days. The
output goes to distillation.

0 Alcohol Production

There are two alcohol production systems in operation, one makes
96% alcohol using its own internal yeast fermentation process and
the second one produces 100% alcchol by distilling purchased 96%
alcohol. Specific energy consumption for each process (see
Process Plant Energy Balance table) is within generally accepted
values for these distillation systems although plant operators
claim that specific, and therefore total energy consumption,
could be reduced if more reliable electricity from the power
station were available. Power loss during distillation requires
that the entire operation be shut down and then restarted when
power again becomes available. For example, a goal cf 0.69 GJ/hl

RCG/Hagler, Bailly, Inc.
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(hl = hectoliter, 100 liters) of 100% alcohol and 0.75 GJ/hl of
96% alcohol have been attained when power outages do not occur.

With more reliable power plant operation an estimated 6%
reduction of alcohol plant annual steam use (to 179,000 GJ) would
be possible.

96% Alcohol Production

This system produces a hich quality alcohol-~water mixture from
continuous molasses fermentation although the distillation
process appears unique. An obvious design goal for the
installation, built by Krupp in 1987, was heat integration to
conserve as much thermal energy as possible. It appears to be

well-operated. For example, cooling water when used for
condensation is properly returned as boiler feed or is sent to
the paper mill and then returned. There appears 1little

opportunity to change this process for the purpose of conserving
energy.

The alcohol distillation process is potentially the largest steam
user of the plant. This plant was completely rebuilt in 1987
through a West German contractor (Kroght). The new installation
has a consumption of 220 kg steam per hectoliter (100 liters) of
alcchol versus 500-550 kg/hl for the previous installation.

100% Alcoho

This system is a commcn, two-column, distillation process using
a benzene-toluene mixture to separate alcohol and water from a
purchased 96% alcohol mixture. Because the feed stock is almost
all alcohol, two parallel dehydration columns are required. The
output of these columns is 100% alcohol. A second column removes
the water from the feed. Both columns are heated by steam at 1.8
bar.

The water producing column is heated by direct steam injection
which is efficient for heat transfer purposes but the column
bottoms, consisting of injected steam and the small amount of
water removed from the feed are sewered. The reason offered for
this prachice is that the 100C bottom water is contaminated and
cannot be reused anywhere.

The two dehydration columns are each fed purchased feed stock
directly from storage at about 15 C with no preheating. These
columns are each heated indirectly with about 100 kg/h of 1.8 bar
steam. Condensate from these heat exchangers is returned to the
boiler. The 100% alcohol product from these columns at about 67
C is collected with no heat recovery.

RCG/Hegler, Bailly, Inc.
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It is recommended that two projects be undertaken in this process
area to reduce steam consumption:

1. Use alcohol bottoms from the dehydration columns to preheat
feed. Savinys of about 900 kg/h are possible.

2. Heat the water column with indirect steam return the
condensate as boiler feed.

o Cattle feed base

Spillage of distillation is sold as a milk for cattle feed.

2.1.2 Utility section

Buszesz is provided with a large steam and power station which
consists of three fuel gas fired boilers (20 t/h, 20 t/h and 30
t/h) and one 3 MW turbogenerator. This installation is oversized
given the in-plant energy demand, but was also designed to supply
heat in the form of steam to nearby industrial facilities. The
equipment in the boilerhouse is very old and is operating at a
lower efficiency than the original design. Sooner or later the
equipment will have to be refurbished or replaced. Because of
the huge investment involved and the uncertainty of the future
steam market, the plant management has so far only accepted to
refurbish boiler No3. The work was performed in 1990. The Plant
Management is now seeking for a strategy to refurbish or replace
the other equipment, at minimum risk given the uncertainty of
steam demand.

2.2 Plant Management and staff

The plant is managec by a general manager. There are two main
directorates under the general manager: the technical/production
division and financial/administrative division.

The Technical/production division is divided into the following
departments:

Technical department
Yeast department
Alcohol department
Energy department

2.3 Energy usage and historical data analysis

According to plant management, energy at current price accounts
for 20% of the production cost, which is fairly high according
to U.S. or West European standards. This situation is enough to
establish energy conservation as a priority in the plant.

Historical data was provided on total energy consumption for

RCG/MHagler, Bailly, Inc.
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1990, and detailed daily data was provided for two typical sample
months, October 1990 and January 1991. These data are provided

in Appendix 1.

Total primary energy use of BUSZESZ was 23,700 tons of oil
equivalent in 1990. This primary energy use has been computed
by RCG/Hagler,Bailly using the following conversion factors.
These conversion factors represent the average efficiency of
energy conversion equipment in Hungary. For example, the
electricity conversion factor includes the efficiency of fuel
fired power plant plus auxiliary, transportation and distribution

losses.

Energy unit kg of o0il equivalent
electricity kwWh 0.426
natural gas GJ 23.92
steam/hot water GJ 28.15
compressed air 00ONm3 47.31

The following table shows the breakdown of primary energy use:

tons of percent of

oil equivalent total enerqgy
Total primary energy use 23,700 100 %
Fuel/steam 18,800 80 %
Electricity 4,900 20 %

Findings are the followings:

0 Fuel gas is the largest energy used in BUSZESZ with 80% of the
primary energy use.

o The above primary energy use accounts for both activities of
BUSZSESZ plant, i.e. yeast and alcohol production on one side and
heat supply activity on the other. The following table gives a
breakdown of heat use in Buszesz:

GJ/year percent
Total !l at/steam generated 603151 100 %
Self consumption of powerplant 89831 15 %
in-plant energy use 350538 58 %
Sale of steam 162782 27 %

RCG/Hagler, Bailly, Inc.
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Based on the year 1990 energy consumption record and current
energy price (March 1991), the energy bill including electricity,
gas, steam, is evaluated at 290 miilion Foriat which breaks into
the following items:

million in % of
FT/year total cost

Purchased enerqgy cost 290 100 %
Demand charge (fixed cost) 45 15 %
Energy charge (variable cost) 245 85 %

Sale of steam revenue

Demand charge
Eriergy charge
Gross energy cost

Net energy cost

III. RECOMMENDATIONS FOR ENERGY EFFICIENCY IMPROVEMENT

Recommendations developed by RCG/Hagler, Bailly for energy
efficiency improvement are sorted for convenience into three
categories of action:

o Energy management improvement actions are the first category
and have been emphasized by Buszesz as a priority in a fast
changing economic environment. Actions which fall in that
category are coded by "A" preceeding the list number. BUSZESZ
should be able to implement these measures in the next six
months, with assistance from the USAID Emergency Energy Program.

o Low cost and short term implementable actions constitute the
second category and are emphasized as action to which USAID might
be able to further contribute under its program. Actions in this
category are indicated with a "B" preceeding a list number.

o High cost or long term actions constitute the third category
and consist principally of technology improvement projects.
Actions of this group are shown by a "C" followed by a list
number.

3.1. Energy Management Improvement
3.1.1 Assessment of the existing Energy Management System

The system of management information and control in place at
BUSZESZ is typical of most factories in Hungary. Production is
based on plans, and management exercises control the process to
see that the plan is carried out. These plans set performance
targets, which are based on input and output quantities.

RCG/Hagler, Bailly, Inc.
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A vast amount of data is collected by hand every day, in the form
of logs and other records from many different steam, electric and
other meters. The data are used to assemble daily reports. The
main purpose of these daily reports is to develop monthly
cumulative values, so that the monthly reports can be prepared
more quickly. The daily reports are internal, in most cases only
the monthly reports are submitted to management. The types of
information included in the reports are basically raw data, such
as total gas consumption, total steam generation, total electric
consumption, total electric generation, total steam sales, etc.
Ratios or performance indicators are generally not included ir
the daily or monthly reports.

The monthly reports have been analyzed by the Chief of Accounts
of BUSZESZ and others in the company, and tieir analysis
indicates that energy consumption 1is as much as 50% above
expected values, based on performance norms for the process
equipment.

The Energy Department of Buszesz is essentially in charge of
supplying information and justification for energy expenses and
usage in the plant. This department keeps record with good
precision of the input/output energy and mass balance of the
power plant. The energy output is delivered to two Kinds of
"clients": the clients located outside the plant who pay their
energy use in Forint and the Buszesz process divisions which are
not subject to invoicing, directly, but are charged by the
accounting department.

RCG/Hagler, Bailly observes that the process divisions may not
be committed to energy management, since this function is left
to the energy department. Therefore, the process divisions do
not keep detailed records of their energy use.

However, there is a need, at the level of the cost monitoring
department, for an allocation of energy expenses to the various
process departments. Since this information does not exist, the
chief of accounts (who happens to also be an engineer) estimates
the energy consumption of each department using standard specific
energy consumption norms developed over the years (derived from
design data) in terms of energy use per unit of production. The
chief of accounts has used this information along with personal
engineering experience to compare the energy demand to the net
energy supply (i.e. purchase less sales to outside energy users)
to the company and has found an apparent energy loss which is
believed to be the result of the transformation operation of the
power plant. (see table 1 for the result of this calculation).
This method has proven to be good enough for accounting purposes,
but is still insufficient to explain the losses as effectively
as a proper energy management information system.

RCG/Hagler, Bailly, Inc.
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RCG/Hagler, Bailly's assessment of energy management at Buszesz
is summarized below:

A. Energy Demand Management

Energy demand management focuses on the energy use of the process
departments as a function of production throughput, status of
operation, various operating parameters, and other parameters not
related to process operations. RCG/Hagler, Bail! - observes that:

o There is not an energy demand management system at Buszesz,
as employed in western market-oriented companies.

o The chief of accounts is using standard energy intensities.
This method can achieve cost allocat 'on, but may not be accurate
enough for energy management, or for cost allocation in a market-
or competition-oriented economy. The regression analysis
presented in appendix 3 indicates that there is not a strong
correlation between product throughput and energy consumption.
In this regard, energy use is almost independent of the
production level, and appears to more closely resemble a fixed
cost.

B. Eneryy Supply Management

Energy supply management focuses on the operations of the steam
and power plant which are in charge of supplying energy in
various forms to inside and outside users, purchasing natural
gas, electric power and water for this purpose. RCG/Hagler,
Bailly observes that:

o There is a fairly accurate energy and mass balance carried out
by the Energy Department: steam & condensate balance, fuel gas
purchase, production/purchase/sale of electricity, production or
purchase of water.

o Heat and mass balances are provided separately, but with no
analysis of interrelationship between these various balances.
For example, electricity generated by the turbogenerator depends
on the steam flow through the turbine, and demineralized water
supply to the power plant depends on the water losses and steam
& condensate exchanges.

o No efficiency analysis of critical equipment such as boilers
and turbogenerators are performed on a regular basis.

0 No cost calculation of utilities supplied by the power plant
is performed on a regular basis.

RCG/Hagler, Bailly, Inc.
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o Energy Department reports are prepared using a Commodore 64
computer system including a central processing unit, a video
monitor, an external 5"i/4 disk drive anrd a printer. The
computer is run using a locally developed early version of a
spreadsheet. Compared to a state of the art system, this
computer system is obsolete; and hence, can perform only limited
record-keeping functions. It cannot peiform energy utilization
analysis sufficient for energy management.

C. Consequences

The consequences of the absence of a real energy management
procedure are:

©0 High variability of energy consumption is indicated for a
given level of production.

To provide control of a process operation, energy is
usually released in specific equipment provided with on/off
valve on the energy flow and a control device which limits
the energy flow to the amount necessary to process
operations.

In absence of real pressure to control the quantity of
energy used, ithere are situations where poor state of
conditions of the energy using equipment, or on/off valve,
or control device still permit process operation but at a
higher energy cost. For example, the fouling of a steam
heat exchanger can be overcome by increasing the steam
pressure (therefore reducing the efficiency) at the end-use
equipment. The poor condition of an on/off steam valve
will lead the ope: ator to keep it on (therefore increasing
the losses), or th~ failure of the control device will lead
to over consumption of energy.

0 Maximization of plant safety and reliability condition occurs
to the detriment of the energy consumption.

In the absence of real pressure to minimize the quantity of
energy used for a given operation, there is a natural
tendency of plant operators to maximize operation safety
and reliability. In other words, plant operators minimize
potential hazards and troubles, including operation
supervision from management, by tuning up the equipment
towards a higher energy intensity condition. The
difference between the actual energy use and the minimal
theoretical energy use is known as the necessary "safety
margin". At Buszesz, there is no real control or
limitation of this safety margin. For example, excess
combustion air is necessary at the burner to avoid release
of unburnt gas (CO) which could cause an explosion and the
destruction of the boiler. Therefore, if there is no

RCG/Hagler, Bailly, Inc.



BUSZESZ YEAST AND ALCOHOL FACTORY - ENERGY AUDIT 12

pressure to reduce the excess air to a minimum safe level,
the boiler operator will feel more secure with a level of
excess air which is higher than the optimum for enerqgy
management, consistent with safe operation.

RCG/Hagler, Bailly, Inc.
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3.1.2 Management Improvement Recommendations

Action A.1l: Improve the Energy Management information and
control systei

Action A.2: Steam management task force to reduce steam demand

Action A.3: Electricity management task force

3.1.3 Optimization Recommendation
Action A.4: Optimize boilers operation

Action A.5: Operate the most efficient feed water pump in
priority.

Action A.6: Transfer steam use from night hours to day and peak
hours.

Action A.7: Optimize electric tariff

3.2. Low Cost and Short Term Energy Efficiency Improvement
Actions

Action B.1l: 1Install new molasses circulating pumps

Action B.2: Revise the building heating system

Action B.3: Boiler efficiency and control system improvement

Action B.4: 1Install desuperheaters on the main letdown valves
(priority)

Action B.5: Higher efficiency feedwater pump procurement

Action B.6: Move the intake of boilers air fan to the top of
the boilerhouse and install a venturi to measure
the air flow

Action B.7: 1Install inclinators at the inlet of induced draft
fans in the boilergouse

RCG/Hegler, Bailly, Inc.
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3.3. Investment or Long Range Energy EZficiency Improvement
Actions

Action C.1: Short- and Mid-term Strategy plan for the
development of the steam and power plant.

Action C.2: Improvement of the instrumentation and control
system of the boilers

Action C.3: Energy conservation in the alcohol distillation
plant.

Action C.4: Optimize operation of the yeast drier

RCG/Nagler, Bailly, Inc.
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IV. PRESENTATION OF PROJECT FORMS

Each project discussed above is presented in a stand-alone
project form which provides all basic information to qualify the
project. The data are provided at the "inventory" level (first
order of magnitude approximation), and include the following:

- Description and rationale

= Calculation of savings (energy and others)

- Implementation cost

- Financial analysis limited to the pretax pay-back period
- Scheduling

- Technical risk and reference

- Back-up data and calculations

RCG/Hagler, Bailly, Inc.
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ACTION A.1l

1. PROCESS AREA

Plant management

2. STATEMENT OF RECOMMENDATION

Improve the energy management information and control system by
implementing the following tasks:

Installation of additional steam flow meters

Treat the power plant as a separate profit center

Create an energy demand management procedure

Create an energy supply management procedure

Improve energy management reporting procedures

Procure software and hardware means to support the energy
management improvement effort.

000000

3. DESCRIPTION/RATIONALE

It is recommended that an energy management procedure be
instituted according to the following guidelines:

o0 Installation of additional steam flow meters

In order to improve the energy demand management in the plant,
it is necessary to install steam meters on a selection of in-
plant low pressure (4.5b) steam loads. These loads are:

Yeast plant (1 meter)

Vogelbusch fermentation plant (1 meter)
Dehydrater (1 meter)

Self-consumption of power plant (1 meter)
Building heating and domestic hot water (1 meter)

00000

O Treat the pover plant as a separate profit/cost center

The power plant should be treated as an entity or cost/profit
center like the other process areas in the accounts of Buszesz.
Therefore, the energy management system of Buszesz should be
split into two parts: (1) demand side management which manages
the energy use in the process areas and (2) supply side
management which manages the efficiency of operation of the power
plant.

RCG/Nagler, Bailly, Inc.
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o Institute an energy demand management procedurs

Each process urnit should be subjected to a budget procedure
specifying standards for energy use according to determining
criteria. Such criteria may be:

production throughput

events such as start-up or shut-down procedure
quality of raw material or finished product
ambient temperature or seasonal variation
availability of critical process equipment

Each energy use will be a simple function of the determinant
criteria: usually constant (e.g. X tons per day of steam in
winter, Y tons per day of steam in summer), proportional (e.g.
Energy = A x Production) or linear (e.g. Energy = A X Production
+ B).

The establishment of such cost functions is one of the primary
targets of an energy demand analysis:

(1) The energy cost function must be as close as possible to the
reality; therefore, a statistical analysis may be useful as a
first step.

(2) An analysis of the magnitude of each coefficient of the cost
functions must be conducted to assess what kind of operating
practice it reflects. For instance, in the case of poor
efficiency and absence of control the constant coefficient will
be high.

(3) The final energy cost function must result in discussion
with the manager of each production sector in the plant (i.e.
yeast and alcohol). The energy intensity must be realistic
(i.e., really achievable) and at the same time encourage
efficient energy practices. The production managers must agree
with the cost function since the performance of the production
sector will be evaluated by comparing the actual energy
consumption with the value calculated using the energy cost
function. The production managers will have to explain the
differences. The purpose of these explanations is not a
"personal justification" but actions to be taken (most often by
the maintenance department) to reduce overall consumption.

Data logging must be revised to include the key parameters which
are listed in the energy cost functions. Energy consumption may
be either metered (a few additional meters might be necessary,
see Action A.2), or ‘ndirectly evaluated (through heat balance
for instance).

The difference between actual and target consumption will be
translated into Forint according to marginal costs of utilities

RCG/Kogler, Bailly, Inc.
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calculated by the Energy Department. The summation of all these
differences will give an indication of the status of energy
savings or overall consumption. This can be easily displayed as
a trend graph.

o Institute an energy supply management procedure

The steam and power plant should be managed according to a
simulation and optimization model similar to the one elaborated
by RCG/Hagler,Bailly during the course of the audit (see appendix
2). This model links together the balance of various forms ~¢
energy such as gas, steam, electricity and water. 1In additi..
it calculates the efficiency of key equipment (e.g. boilers,
turboalternator) and allows comparison with the expected
efficiency. In many respects, operating limits as experienced
by plant operators are as important as efficiency in the search
for optimal operation. These actual operating limits must be
compared with design operating limits.

Every year, the model can be used as support for negotiating the
target performance of the power plant to be written in the next
year's budget. For example the boilers' efficiency will be
determined by target temperature and excess air of stack gas.
As well, the turboalternator efficiency will be determined by
target superheat temperature of steam and isentropic efficiency
of each stage of the turbine.

The energy supply management model will calculate on a daily
basis the marginal cost of steam and condensate and the total
operating cost of the power plant as well.

The first basis of energy management is the awareness by any
energy user of the true cost of energy. Usually this true cost
is defined on a marginal basis. The marginal cost of steam
indicates how much energy is saved (or purchased) by the power
plant if the end user reduce (or increase) its consumption by 1
unit (tonne/hr or GJ/hr). This marginal ceost may vary with the
configuration of the power plant. For example, when the
turbogenerator or boiler 3 is shut-down, steam is more expensive.
Also, the marginal cost will vary with the period of the day.
Because the steam is expanded through the turbine, thereby
avoiding purchase of power from BFEM and because of BFEM (MVMT)
time~-of-day tariff structure, the cost of steam will be higher
at night than during day or peak time.

A plant manager who knows the true cost of steam is in a better
position to anticipate or delay steam use during a period when
steam is expensive. For example, heating molasses in the storage
tanks may be able to be rescheduled, resulting in lower cost.
As another example, it is clearly worthwhile reducing the steam
consumption when the turbogenerator is shut-down because of the
higher cost of steam at this time.

RCG/NHagler, Bailly, Inc.
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The energy mcdel established by the audit team during the course
of the audit calculates marginal cost of steam (see appendix 2).

o Improve the energy management reporting procedure
Report 1: Monthly performance monitcring report

It is recommended that a monthly energy monitoring report be
prepared and submitted tc the General Director which shows in a
very simple way the status and trend of energy performance of the
pla ©. This report should have only one page, and would display
principally the following graphs:

. Energy demand efficiency graph which displays the ratio of
actual process energy demand to budgeted energy demand in process
areas.

. Energy supply efficiency graph which displays the ratio of
actual energy purchase to expected energy purchase (on a Forint
basis).

. Trend of the monthly energy purchase by the plant and net
energy cost to the plant (energy purchased minus sales).

Report 2: Daily Energy pricing report

The energy department should distribute to the process department
a report indicating the price of utility for the next week. It
is expected that the process managers will modulate their steam
demand in function of the price of steam.

© Means for the Energy Management System

It is not recommended to designate a full time energy manager at
the level of production departments. Once the energy demand
management procedure is shaped, it can be operated by the
existing cost control managers in each production department.
In case of specific problems related to energy use, it is
recommended that the production departments seek the assistance
of the energy department.

A computer-based management information system (M.I.S.) must be
installed to provide the information necessary for energy
management. This system must have hardware and software designed
to calculate the necessary performance ratios and to present
information to management in an easily-understandable form. It
was proven during the audit that adequate computer +*ools and
state-of-the-art software permit the design of a valuable
information and control system which is going far beyond the
capability of the existing in-plant managemr2nt systenm.

RCG/Negler, Bailly, Inc.
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4. BENEFITS

4.1 Energy savings

RCG/Hagler, Bailly, Inc. estimates that an improved energy
management system, together with specific management acticns to
control operational efficiency, can achieve energy savings in the
amount of 5% at the power plant level and 10 to 15% at the
process area level. The expected value of the energy savings is:

Gas - steam management control
reduction of plant-wide base demand: 55 GJ/day
330 days/year = 18,000 GJ/yr
(1990 purchased gas energy = 778,585 GJ
energy savings estimate = 2.3%)
annual benefit estimate = Ft 4,700,000 per yr

Electric - electricity management control
reduction of plant-wide base demand: 1.9 MWh/day
330 days/year = 620 MWh/yr
(1990 electric energy:

net purchased = 11,597,108 kWh
generated = 5,602,800 kWh
consumption = 17,199,908 kWh

energy savings estimate = 3.6%)
annual benefit estimate = Ft 2,000,000 per yr

4.2 Other benefits

Additional savings, such as reduced use of raw material, reduced
generation of scrap yeast, improved operating rate on capacity
of the distillation plant are likely to result from the improved
management control systemn. Potential benefits of these
additional savings are not taken into account in the assessment
of profitability of this action.

RCG/Hagler, Bailly, Inc.
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5. IMPLEMENTATION COST

5.1 Steam meters

List of equipment number unit cost
(Ft)
One set of steam flow meter: 1l 400,000

Total cost is estimated at 2,000,000 Ft for 5 sets of steam flow
meters.

5.2 coaputer equipment
Personal computers (IBM compatible):
(1) 386, VGA, 4 MB RAM, 40 MB disk for energy dept
(1) 24-pin dot matrix wide carriage printers
total estimated cost $3,000

Software development:
local contract - Ft 2,000,000

Staff training:
local contract - Ft 400,000

Total development cost (Ft 70 = $1.00) - Ft 2,600,000

6. PAY-BACK
Payback period = capital cost/net annual cost savings
Ft

Internal rate of return

7. S8CHEDULE

This Action has been agreed by the Plant Director during the
28/3/91 meeting for immediate implementation. Three components
were identified to implement this action:

RCG/Nagler, Bailly, Inc.
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Component 1: Procurement of the additional metering equipment

Task 1 - completion date: April 10, 1991

BUSZESZ prepares and address to EGI specification of steam
meters.

Task 2 - completion date: May 10, 1991

BUSZESZ gets quotations from local suppliers.
HBI gets quotations from US manufacturers

Task 3 - Completion date: May 15, 1991

BUSZESZ reviews offers, finalizes specification and makes
recommendation for selection of supplier.

Task 4 - Completion date: May 22, 1991

USAID gives clearance for equipment procurement based on HBI
financial and economic study and evaluation of quotation.

Task 5 - Completion date: May 23, 1991

HBI sends purchase orders for equipment.
Task 6 - completion date: August 1, 1991
Shipment of equipment arrives in Hungary

BUSZESZ completes a flowsheet displaying existing and new steam
meters

BUSZESZ prepares installation drawings of steam meters including
supporting and linkage.

Task 7 - completion date:August 30, 1991

Installation works by BUSZES2

Task 8 - completion date: September 1, 1991

Daily readings of new steam meters reported in the energy
management system

Task 9 - completion date: October 1, 1991
BUSZESZ assigns target to steam consumption monitored by existing

and newly installed steam meters and monitors achievement as part
of the energy management system.

RCG/Nagler, Bailly, Inc.
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Other tasks to be completed include:

o LJSZESZ prepare a one line diagram showing the localization of
the electricity meters.

Component 2: Design of the ener manageme 3yste nd reports

Task 1 - completion date: April 15, 1991

BUSZESZ defines a global energy :fficiency performance ind-x and
start monitoring its trend on a daily basis.

Task 2 - completion date: May 15, 1991

BUSZESZ establishes scope of work for a computerized energy
manac=ment system based on HBI's recommendation. Scope of work
will be broken down in functional areas and tasks.

Task 3 - completion date: May 30, 1991

BUSZESZ gets proposal from local engineering service companies
to implement the above scope of work

Task 4 - completion date: June 6, 1991 or July 30, 1991

BUSZESZ reviews proposals, assigns a service company to complete
scope of work according to work plan milestone and deadlines for

deliveries.

Note: BUSZESZ requests that this task be implemented after
completion of the procurement of computer equipment (see
component 3, task 7, scheduled for July 30). This request
postpones the completion of this component by about 2 months.
Task 5 - completion date: August 15, 1991 (or October 15)

The service company completes its work.

Task 6 - completion date: September 1, 1991 (or November 1)

The first energy monitoring report (showing trends of efficiency)
is sent to the upper management of BUSZESZ.

Task 7 - completion date: October 15, 1991 (or December 15)

BUSZESZ prepares 1992 energy budget based on the new energy
management systenm.

RCG/Hagler, Bailly, Inc.
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Component 3: Procurement of computer equipment

Task 1 - completion date: May 1, 1991

EGI addresses to BUSZESZ a specification of computer equipment
Task 2 - completion date: May 10, 1991

BUSZESZ approves specification

Task 3 ~ completion date: May 24, 1991

EGI gets quotations from local suppliers

HBI gets quotations from US manufacturers

EGI addresses to BUSZESZ an evaluation of collected quotations

Task 4 - completion date: May 31, 1991

BUSZESZ reviews offers, finalizes specification and makes
recommendation for selection of supplier.

Task 5 - Completion date: June 7, 1991

USAID gives clearance for equipment procurement based on HBI
financial and economic study and evaluation of quotation.

Task 6 - Completion date: June 10, 1991

HBI sends purchase orders for equipment.

Task 6 - completion date: July 15, 1991

Shipment of equipment arrives in Hungary.

BUSZESZ procures accessories and installation plans for computer
equipment.

Task 7 - completion date: July 30, 1991

Delivery and installation of computer equipment at BUSZES2Z
Task 8 - completion date: August 30, 1991

Installation of Energy Management software

Task 9 - completion date: September 1, 1991

First energy management report delivered to BUSZESZ upper
management.

RCG/Nagler, Bailly, Inc.

9]



BUSZESZ YEAST AND ALCOHOL FACTORY - ENERGY AUDIT 25

8. TECHNICAL RISK AND REFERENCE

o Technical level of plant staff

The technical level of plant staff is very high and is definitely
not an obstacle to an improved energy management system. Plant
staff has proven to be very receptive to energy management
concepts demonstrated during the course of the audit. The
insufficiencies of the existing energy management system reflect
more a problem of organization and equipment (hardware and
software) than of technical capability of staff.

9. SPECIFICATION OF EQUIPMENT
9.1 STEAM METERS
9.1.1 Mechanical description
Flanges

Orifice plate
type round

Pressure differential transmitter
Steam pressure transmitter

Temperature transmitter

Circular chart recorder

number of pens 3 (flow, temperature, pressure)
disc speed one round per day

scale logarythmic scale for steam flow
housing weatherproof

access to disc door with window

extreme ambient temperature -30°C to +50°C

power available 220 V S50Hz

Accessories

steam traps
temperature indicator
steam pressure indicator

Equipmernt procured by the plant (BUS3ZES3)
calibrated steam pipes (2x3m)
supporting

RCG/Nagler, Bailly, Inc.
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9.1.2 Yeast 1

Normal Operating conditions

normal pressure bar g 4.8
normal temperature °C 170-220
normal flcw t/h 0-8
Dimension

size of steam pipe mm 200
standard DIN

9.1.3 Yeast 2 (Vogelbusch)

Normal Operating conditions

normal pressure bar g 4.8
normal te.perature °C 170-220
normal flow t/h 0-5
Dimension

size of steam pipe mm 125
standard DIN

9.1.4 Dehydration plant + alcohol)

Normal Operating conditions

normal pressure bar g 1.8
normal temperature °C 160-200
normal flow t/h 3-12
Dimension

size of steam pipe mm 400
standard DIN

9.1.5 Building heating and domestic hot water

Normal Operating conditions

normal pressure bar g 4.8
normal temperature °C 170-220
normal flow t/h 0.5-4
Dimension

size of steam pipe mm 80
standard DIN

RCG/Nagler, Bailly, Inc.
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9.1.6 Power plant self consumption
Normal Operating conditions
normal pressure bg 4.8
normal temperature °C 170-220
normal flow t/h 1-6
Dimension
size of steam pipe mm 150
standart DIN
9.2 COMPUTER EQUIPMENT
© computer central unit
IBM PC compatible (Microsoft DOS 3.3 minimum)
386 microprocessor
4 MB RAM
40 MB hard disk
3"1/2 floppy disk
5"1/4 floppy disk 1MB
serial and parallel communication port
Hungarian characters EPROM (CWI)
o display monitor
VGA
14 "
color
© keyboard
Hungarian keyboard
o printer
24 pin dot matrix
wide carriage (142 col)
Hungarian characters EPROM (CWI)
o S8Softwvare
spreadsheet:
option 1 LOTUS 123 + ALLWAYS or IMPRESS in Hungarian
option 2 QUATTRO PRO in Hungarian

word processor: to be defined
user manual in Hungarian

RCG/Nagler, Bailly, Inc.
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ANNUAL ENERGY CONSUMPTION 1990

ENERGY INP
Electricity kWh 11597108 0.426 4940 3.23 37459
12
Gas GJ 778585 23.92 18624 264 205546
7
Steam GJ 4605 28.15 130 412 1897
Water :
drinking water m3 47761
industrial water m3 1098356
well water m3 4654143
Total 23694 244902
Demand charge 44991
electricity 19722
gas 25269
289893

EENE 2 3 PRI 40N
Electricity
in-plant use kWh 17199908
of which utility kWh 4119074
process kWh 12291633
administration kWh 573153
sale kWh 216048
loss kWh 0
steam/heat
in-plant use GJ 440369
of which utility GJ 89831
process GJ 322538
administration GJ 28000
sale GJ 162782
transformation loss GJ 180039
Water
in-plant use m3 4648871
of which utility m3 254310
process m3 4372161
administration m3 22400
sale ma 41088

loss/unaffected m3 1110303



A

PROCESS PLANT ENERGY BALANCE

ALCOHOL PLANT
96% ALCOHOL 181,000 0.80 11.6
100% ALCOHOL 61,700 0.73 2.1

YEAST PLANT
PRESSED YEAST 21,377 4.6 427 180.5
DRIED YEAST 314 18.9 2,574 315.9
PROCESS AREA
ALCOHOL PLANT
96% ALCOHOL 143,895 21E+08  1.1E+06
100% ALCOHOL 45,041 1.3E+05  3.6E+05
TOTAL ALCOHOL 188,936 2.2E+06  1.4E+06
YEAST PLANT
PRESSED YEAST 97,693 9.1E+08  3.9E+06
DRIED YEAST 5,935 8.1E+05  9.9E+04
TOTAL YEAST 103,627 9.9E+06  4.0E+06
TOTAL PLANT 292,563 1.2E+07  5.4E+06
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ACTION A.2
1. PROCESS AREA

Energy Department
2. STATEMENT OF RECOMMENDATION

Institute a steam management task force which will investigate
steam losses and establish an action plan and budget estimate
which will address at least the following issues:

steam trap improvement and steam leak reduction

insulation improvement of steam lines

improve the quality of steam supply to the outside customers
condensate return to the boilerhouse.

reduce steam demand of molasse tanks

improve the building heating system

000OO0OO0OO

3. -DESCRIPTION/RATIONALE

A steam management task force has been recently created to meet
the directive of the General Manager to reduce steam losses in
the process areas. This team has been headed by the energy
department. This team has conducted several surveys throughout
the plant to identify the major losses. The team found that the
major source of steam losses is not the condition of equipment
(as expected initially) but some low efficiency or wasteful
practices such as direct heating of molasses in the trucks before
unloading operations.

During the inspection of process plant operations, a number of
steam conservation projects were identified:

© lack of steam traps on some process vessels
o improve steam and condensate pipes insulation
Existing piping insulation is largely not maintained.

Despite the high superheat temperature at the power station,
steam quality at the user point may be lower because of
deteriorated insulation on long steam lines. For example, the
steam supply line to the paper mill (diameter 300 mm, length 600
to 700 m including one underground passage under the road) seems
to be insufficiently insulated as the users report the delivery
of a mixture of hot water and saturated steam at the point of
use. In another example, the No 2 internal 4.5b steam pipe has
deteriorated insulation, which should be replaced.

RCG/Nagler, Beilly, Inc.
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0 lack of uniform condensate return from process operations.

In general there is poor control of condensed steam for heating
operations (used mainly for tank sterilization purposes in
fermentation) in the yeast plant. Steam for heating air used to
dry pressed yeast is presently sewered and not returned to tho

boiler house.

In addition, condensate return piping from many process units
does not exist.

© improve buildin., heating system

Building heating is virtually uncontrolled. There are no
automatic controls for building steam and the condensate is
sewered. The totality of steam traps are disc traps which are
not appropriate for this service (thermostatic traps tuned-up to
flush undercooled condensate would be more appropriate). As a
result, buildings are largely overheated.

© Portable instruments for the steam task force

The steam management task force could benefit from the
acquisition and use of instruments to measure the amount of steam
consumed (steam meters) and control devices (mainly steam traps
and thermostatic valves) where no controls or inapropriate
controls currently exist. In addition, hand-held temperature
probes (thermocouples) are needed for spot checks of stream
temperatures from process vessels where such capability is
currently not available.

4. BENEFITS

4.1 Energy savings

The energy savings consists of the achievement of a reduction of
steam demand as a target for the steam management task force.

The target is to keep steam demand inside the plant (for process
and building heating use) as low as 18 t/h, instead of a current
23 t/h. Therefore, the energy saving is about 5 tons of steam
per hour.

RCG/Negler, Bailly, Inc.
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5. IMPLEMENTATION COST

List of equipment number unit cost (Ft)

steam traps
steam meters

electronic temperature probes
insulation 1200 m 2000 Ft/m

6. PAY-BACK

7. SCHEDULE

This action was agreed by the plant director during the 3/28/91
meeting. An action program and budget estimate will be ready by

the end of April.
8. TECHNICAL RISK AND REFERENCE

9. BACK-UP DATA AND CALCULATION

9.1 8team trap technology in use at Buszess:

Buszesz is using various kind of steam traps most of them
imported from West Germany (Gestra):

o Disc traps (Gestra)

o Thermostatic traps: bimetallic traps manufactured by Gestra
and membrane traps manufactured by Kipszer

o Float traps (Duna, Hungarian manufacturer)

RCG/Magler, Bailly, Inc.
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ACTION A.3
1. PROCESS AREA

Plant Management

2. STATEMENT OF RECOMMENDATION

Electricity Management task force to investigate the following
action:

Check motor temperature and Clean air cooling intakes

Improve power factor (cos phi) by surveying Motor Load and

Efficiency, and exising capacitors

O Check the usefulness of electric power consumption

o Check the mechanical power efficiency of rotating equipment
and pressure drop through exchanger (because of fouling) or
through throttle valve (because of overdesign head) based on
regular survey of mctor load.

o Rehabilitate Power Factor Correction System for Use when

Turbine-Generator is not available

o
(o]

3. DESCRIPTION/RATIONALE
o Existing Conditions

BUSZESZ has nearly 1,000 electric motors installed in the plant,
for pumping (water and process flows), ventilation (fans),
material processing, and material handling. These motors are
sized according to what is available from inventory, not
necessarily according to the size needed to do the job.

o Findings

RCG/Hagler, Bailly, Inc. conducted spot checks of two motors -
which drive the boiler feedwater pump #3 and the FD fan for
boiler #1. Of these, the boiler feedwater pump was found to be
oversized (or otherwise inefficient). During the course of the
audit, RCG/Hagler, Bailly asssisted BUSZESZ to change its
operating procedure so that pump #3 is used as standby and the
older, properly sized pumps #1 and #2 are used normally. The
result was a reduction of 100 kW, or 700 MWh per year, a cost
savings of Ft 2,200,000 per year, actually achieved by the audit.
BUSZESZ needs to repair the leaks on pump #2 and continue to
maintain pumps #1 and #2 so that this savings can continue.

Based on interviews with key plant electrical staff, RCG/Hagler,
Billly expects that many other such opportunities exist in the
plant.

RCG/Nagler, Bailly, Inc.
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© Recommendation

RCG/Hagler, Bailly recommends that BUSZESZ form an Electric Motor
Team. Personnel for this team should be largely drawn from
BUSZESZ staff, as this exercise should become a continuous part
of plant operations and maintenance.

The Electric Motor Team should have the following specific tasks:

J Make a complete inventory of all motors, whi-h
identifies the motor number, .ze, location, load, and
expected annual energy consumption.

U Carry out an electric motor load survey. The load and
the efficiency of all motors over 1 kW should be
checked using a systematic procedure.

o As part of the survey, electrical connections should
be checked and tightened if necessary. The housing
and ventilation air intake on all motors should be
cleaned to improve cooling and efficiency.

. As underloaded motors are identified by the survey,
they should be changed for motors appropriately sized
for the job. The inventory (developed above) should
serve as the basis for moving motors from one location
to another within the plant to match sizes to loads.

Existing conditions:

The turbine generator at BUSZESZ is aging and its reliability is
deteriorating. When the turbine-generator is running, it is
operated at a leading power factor (capacitive cosine phi), thus
compensating for the inductive loads in the plant. When the
turbine is out of service, all power must be purchased from BFEM.
On March 8, 1991 the turbine was down due to an oil leak at the
main lubricating pump, and observations by RCG/Hagler, Bailly
indicated that 2.1 MW of power was being obtained at a power
factor of 0.80 (inductive cosine phi).

Findings:

Further investigations on March 8 revealed the presence of an
automated power factor correction system, some 20 years old and
taken out of service. Many capacitors were worn out and some
voltage regulators were missing.

Based on advice from RCG/Hagler, Bailly, a BUSZESZ senior
electrician was able to cannibalize the system to assemble one
working capacitor bank of 100 kVAR. This bank was brought on
line, reducing current to the yeast plant by 70 amps per phase
(46 kVA). Plant power factor was improved from 0.80 to 0.85 by

RCG/Nagler, Bailly, Inc.




BUSZES8Z YEAST AND ALCOHOL FACTORY - ENERGY AUDIT 33

this system, as measured by BUSZESZ meters. This represents a
savings of about 2% of electrical cost, or 130 Ft per hour, at
no cost. On an annual basis, RCG/Hagler, Bailly estimates that
turbine~generator availability is about 60%, so manual operation
and use of these existing capacitors can save about Ft 350,000
per year.

Recommendation:

Rehabilitation of the power factor control system can reduce
BUSZESZ :nergy costs.

4. BENEFITS

4.1 Energy savings

RCG/Hagler, Bailly estimates that the potential savings of this
program is 5% of the electric energy used by motor-driven
equipment, or 700 MWh per year or Ft 2,200,000 per year. This
does not include the savings already achieved at the boiler
feedwater pump.

Savings of 5% of electric energy costs during period when turbine
is not available (40% of factory hours). Assuming an average
load of 2 MW and a marginal cost of 3.23 Ft/kWh:

0.05 x 0.40 x 8,000 hrs/yr x 2,000 kW x 3.23 Ft/kWh =
1,000,000 Ft/yr

4.2 Other benefits: Improvement in power factor
5. IMPLEMENTATION COST

Equipment required:

Electric motor survey instruments:
(1) Power demand analyzer (Dranetz 808 or Esterline
Angus Miniservo)
(1) Digital strobe tachometer
(1) Digital multimeter with current clamp
(1) Power factor meter
total estimated cost $8,000

Consulting and advisory services (EGI or other):
local contract - Ft 700,000

Additional staff (if required)
electrician(s) - Ft 700,000 per year

Incidental equipment and repairs budget Ft 70,000 per year

Total cost (Ft 70 = $1.00) - Ft 1,190,000 plus ongoing
labor and maintenance cost of Ft 770,000 per year

RCG/Magler, Bailly, Inc.
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6. PAY-BACK

Payback period (including investments by both USAID and
BUSZESZ2) = capital cost/net annual cost savings

Ft 1,260,000/(Ft 2,200,000 - Ft 770,000) = 0.9 year

7. PLANNING

This project should begin immediately with procurement,
followed by a survey conducted in the plant. The survey
should be carried out over a six month period.

8. TECHNICAL RISK AND REFERENCE

9. BACK-UP DATA AND CALCULATION

On March 8, 1991, RCG/Hagler, Bailly, Inc. carried out a spot-
check assessment of power demand on the BUSZESZ electrical
system. On this day, the backpressure steam turbine-generator
was out of service due to an oil leak at the main lubricating
pump. During this same time, tests were being carried out to
improve boiler efficiency. Thus BUSZESZ had three boilers in
operation instead of only two. Otherwise, this day was
representative of the factory operating condition.

Incoming power at 10 kV:
March 8 - purchasing all from BFEM (Budapest Electric Co.)
= 1.7 to 2.1 MW over the course of the past 24 hours (strip
chart in use) plus 1.1 MVAR (inductive cosine phi).

March 11, with turbine in operation, turbine load varied
depending on steam demand (1.0 MW at 0500 hours up to 2.0
MW at 1100 hours) and BFEM varied correspondingly (1.2 MW
at 0500 to 0.2 MW at 1100).

Primarv Consumption:

Powerhouse 500 kW
Factory 1.5 MW, power factor 0.8 (cosine phi inductive)

Powerhouse consumption (500 kW, 900 amps):

Boiler feedwater pump #3: 390 amps, 220 kW

Beoiler #3 FD fan & controls: 72 amps, 40 kW

Boiler #3 ID fan: 104 amps, 57 kW

Boiler #2 FD fan, ID fan & controls: 130 amps, 71 kW
Boiler #i FD fan, ID fan & controls: 128 amps, 70 kW
Condensate pump: 32 amps, 17 kW

RCG/Hagler, Bailly, Inc.
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Lighting, battery charging: 28 amps, 15 kW
Workers dormitory: 5 amps, 3 kW

Factory consumption (three main transformers)
Transformer #1 (550 kW, 1000 amps, power factor 0.80):

New yeast factory feed #2: 430 amps, 240 kW
Wogelbush machine: 220 amps, 120 kW

Krupp Torony alcohol distillation: 205 amps, 110 kW
Water well VI: 50 amps, 28 kW

Water well VII: 10 amps, 6 kW

Tapso Oldo dissolver: 6 amps, 3 kW

TMK, maintenance shop: 6 amps, 3 kW

VSM, electrical shop: 3 amps, 2 kW

Transformer #2 (270 kW, 700 amps, power factor 0.60)

New yeast feedpoint #1: 400 amps, 160 kW
Water well II: 95 amps, 40 kW

Water well I: 75 amps, 30 kW

Water well V: 70 amps, 28 kW

Transformer #3 (230 kW, 500 amps, power factor 0.7)

Alcohol plant 2nd floor: 190 amps, 95 kW

Alcohol plant ground floor: 100 amps, 50 kW

Plant lighting (office & outside); 120 amps, 60 kW
Yeast packing plant: 20 amps, 10 kW

Mill building: 10 amps, 5 kW

RCG/Hagler, Bailly, Inc.
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ACTION A.4

1. PROCESS AREA

Power plant

2. STATEMENT OF RECOMMENDATION
Optimization of boilers operation:

o Report flue gas temperature and Oxygen con=ent (at the same
point, at the outlet of the air preheater) on the data log sheets
and monitor boilers efficiency in the daily report.

o Report Oxygen and carbon monoxyde content in combustion gas at
the top of the firebox and monitor combustion excess air in the
daily report.

o Dispatch boilers to operate the highest efficiency boiler
available.

o Purchase a portable combustion gas analyser
3. DESCRIPTION/RATIONALE

This project consists of monitoring boilers efficiency by
assessing heat content of flue gas. This requires only oxygen
content measurement and temperature measurement at the same point
in the flue gas duct after the air preheater. Existing
temperature indicator can be used for temperature measurement.
Oxygen content must be measured by a portable unit to be
procured. This measurement requires a minimum of expertise since
oxygen content reading may widely vary with the deepness of the
sample point of the gas duct, because of possible air leakage.

Based on this measurement two different actions must be taken to
reduce operating cost:

o operate the most efficient boiler in priority
©0 reduce excess air

For this second action, it is necessary to find out where the
excess air comes from: from excess air at the burner, or air
infiltration through boiler's brickwall or air leakage through
the air preheater.

Oxygen content and CO content in combustion gas at the top of the
firebox give a good indication of the status of combustion excess
air and of the possible margin for excess air reduction.

RCG/Hegler, Bailly, Inc.
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4. BENEFITS

4.1 Energy savings

Based on measurements conducted during the audit, the efficiency
of boiler was calculated by the audit team. Results are:

overall thermal best natural gas
efficiency (%) boiler to steam ratio
base 100 (GJ/ton) 1/
Boiler 1 8l1.6 110 3.35
Boiler 2 5.0 105 3.13
Boiler 3 89.8 100 3.11

Note 1: enthalpy of steam is different for each boiler.
It was found that boiler 1 uses 10% more gas than boiler 3 for
the same steam load (at identical enthalpy). Boiler 2 uses 5%
more gas than boiler 3; therefore, boiler 3 must be used in
priority.
Total savings is 5% of annual gas consumption.

S. IMPLEMENTATION COST
List of equipment number unit cost (Ft)

portable electronic combustion
gas analyzer 1

portable chemical (Fyrite) gas
analyzer 1

Total cost is estimated at

6. PAY-BACK

7. SCHEDULE

This action has been approved by the Plant's General Manager
during the 28/3/91 meeting for immediate implementation:

Task 1 - completion date: April 1, 1991

Based on the audit report findings, assign boiler 3 as best
efficient boiler for plant base load.

Task 2 - completion datae: April 30, 1991

HBI prepares and address to BUSZESZ specification of a portable
gas analyzer.
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Task 3 - completion date: May 7, 1991
HBI gets quotations from US manufacturers
Task 4 - Completion date: May 14, 1991

BUSZESZ reviews offers, finalizes specification and makes
recommendation for selection of supplier.

Task 5 - Completion date: May 20, 1991

USAID gives clearance for equipment procurement based on HBI
financial and economic study and evaluation of quotation.

Task 6 ~ Completion date: May 21, 1991

HBI sends purchase orders for equipment.

Task 7 - completion date: June 15, 1991

Shipment of equipment arrives in Hungary.

BUSZESZ completes an operating procedure for the use of the
portable gas analyzer including where should it be stored, who
would use it, frequency of use, etc...

Task 8 - completion date: July 1, 1991

Daily readings from portable oxygen analyzer reported on boiler
data log sheets and processed in the energy management system.

Task 9 - completion date: September 1, 1991

BUSZESZ assigns target for boilers efficiency and combustion
excess air and monitors achievement as part of the energy
management system.

8. TECHNICAL RISK AND REFERENCE

To avoid any disruption in daily combustion gas monitoring
procedure, it is recommended to purchase two gas analyzer:

o 1 friendly-user electrochemical analyzer, with CO measurement
capability for boiler excess air tune-up. However, this
equipment must be used with care and requires maintenance
(replacement of electrochemical cells).

0 1 Fyrite kit analyzer. This low-cost kit will prove useful to
check the accuracy of the measurement of the electrochemical unit
and also to replace the first unit when unavailable for
maintenance reason.

RCG/Nagler, Bailly, Inc.
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9. BACK-UP DATA AND CALCULATION

10. SPECIFICATION OF EQUIPMENT

10.1 ELECTROCHEMICAL PORTABLE GAS ANALYZER

o Physical description:

case
probe

© Electrical:

battery

AC

o Display:

0 Measured Parameters
Ambiant temperature
Stack temperature
oxygen sensor
Nitrogen oxide

Carbon monoxide
Combustion gases

Draft

© Computed parameters:
Excess air

Combustion efficiency
Carbon dioxyde
Emissions (CO, NOx)

o Printer:

© Miscellaneous:
Fuels

Messages

Calibration

©o Parts

Oxygen cell

CO cell
paper for printer

insure protection against choc
and dust
high temperature probe

6V, rechargeable, quick recharge
220V 50Hz

LCD with backlight

0-150°C

0-1100°C

0-25%, electrochemical cell,
life > 1 year

0-2000ppm, electrochemical cell,
life > 2 years

0-2000ppm, electrochemical cell,
life > 2 years

0-2.5%, semiconductor sensor,
life > 5 years

piezoresistive sensor

built-in thermal printer with
form feed and line feed buttons

3 or more fuel in memory +
custom fuel

diagnostic and help messages in
english

Optional autozero on start-up

RCG/Hagler, Bailly, Inc.
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10.2 CHEMICAL GAS ANALYZER

8pecification: Bacharach FYRITE combustion test kit for
measuring carbon dioxide (C02) and Oxygen (02).

Scale
co2 20%
02 21%
Refill kit

RCG/NHagler, Bailly, Inc.
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ACTION A.5

1. PROCESS AREA:

Power plant
2. STATEMENT OF RECOMMENDATION:
0 Operate the most efficient feedwater pump in priority

3. DESCRIPTION/RATIONALE:

Existing Conditions:

BUSZESZ has three electric-motor driven boiler feedwater pumps,
any one of which is capable of handling the load of the three
boilers, under most conditions. Feedwater pumps #1 and #2 are
each 30 years old, pump #3 is only about 5 years old. When pump
#3 was installed, BUSZESZ received a pump which was available,
whereas pumps #1 and #2 have the head and flow characteristics
properly sized to match the conditions.

Findings:

RCG/Hagler, Bailly, Inc. conducted a power demand survey of the
boiler feedwater pumps, using a strip-chart recording kW, KkVAR
meter, true RMS digital multimeter, and a strobe tachometer. The
load on pump #3 was measured continuously from March 8-11, 1991
and the load was found to be typically 250 kW, continuous within
5% of this value responding to water demand, at a power factor
(cosine phi) of 0.93. A spot check of the pump current using a
digital multimeter showed 410 amps per phase (near full load
current of 440 amps) and the speed was 2976 rpm (very near full
load speed of 2975 rpm). The water pumping load was 40 tons per
hour.

On March 11, pump #1 was started and the water flow rate was
rebalanced so that pump #1 carried 40 tons per hour. The load
on pump #1 was 240 amps per phase at a power factor of 0.92 (150
kW). Pump #2 was brought on line and indicated a load of 260
amps (165 kW), and a fairly severe water leak at the pump. The
load was returned to pump #1 and a recording was made of
electrical load overnight (March 11-12). The load was fairly
steady at about 150 kW, varying within 5% in response to pumping
demand.

Recommendation:

RCG/Hagler, Bailly concludes that boiler feedwater pump #3 is
oversized (or otherwise inefficient). During the course of the
audit, RCG/Hagler, Bailly consulted with BUSZESZ management in
the electrical room to demonstrate the savings and to discuss
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changing operating procedure so that pump #3 is used as standby
and the older, properly sized pumps #1 and #2 are used normally.
This was agreed by BUSZESZ.

4. BENEFITS

4.1 Energy savings

The result was a reduction of 100 kW, or 700 MWh per year, a cost
savings of Ft 2,200,000 per year, actually achieved by the audit.
BUSZESZ needs to repair the leaks on pump #2 and must continue
to maintain pumps #1 and #2 so that this savings can continue.
An incidental equipment and repairs budget to maintain pumps #1
and #2 of about Ft 400,000 per year should be set aside (net

savings Ft 1,800,000 per year.

4.2 Other benefits

5. IMPLEMENTATION COST
There was no capital cost for the project, but BUSZESZ should
maintain a budget of Ft 400,000 per year to rehabilitate pumps,
replace if needed, repair leaks etc., so that the most efficient
pumps can be available for operation.

6. PAY-BACK
7. PLANNING
8. TECHNICAL RISK AND REFERENCE

9. BACK-UP DATA AND CALCULATION
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ACTION A.6
1. PROCESS AREA

Production departments (yeast and alcochol)

2. STATEMENT OF RECOMMENDATION

Optimization: Transfer steam use from night hours to day and
peak hours as much as possible.

3. DESCRIPTION/RATIONALE

It was found that production cost of proces. steam varies on time
of the day basis according to the electrical tariff structure.
Each additional ton of steam used in process area requires
additional gas and will produce additional kWh through the
turbogenerator, therefore reducing the purchase of electric power
from the grid. The production cost of this additional ton of
steam is roughly the cost of gas minus the cost of avoided
electricity purchase. Therefore, higher electricity price (e.gq.
during peak hours) correlates with lower generation cost of
steam. The following table shows the variation of marginal cost
of 1.8b steam according to the time of the day:

Marginal Cost of 1.8b steam

Ft/GJ Ft/t base 100
Night hours 291 803 110
Day hours 264 728 100
Peak hours 264 728 100

As a result, one ton of steam cost 10% more at night than during
day or peak hours. It is recommended to investigate two actions:

o Make sure that the usual morning peak steam demand happens
after 6:00 a.m.

0 Any steam demand which could be delayed should be delayed or
anticipated, i.e., molasses heating must be forbidden during
night time.

4. BENEFITS

4.1 Energy savings

4.2 Other benefits

RCG/Nagler, Sailly, Inc.
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ACTION A.7

1. PROCESS AREA

2. STATEMENT OF RECOMMENDATION
Optimization: Optimize electric tariff
3. DESCRIPTION/RATIONALE

During the course of this Energy Efficiency Emergency Program,
it was found that different industrial plants in the Budapest
area may select different electricity tariffs for the 10 kV power
supply. In particular two tariffs would apply to BUSZESZ:

Tariff A Tariff B
Demand charge in Ft/kW/year
Peak 2340 4220
Day 4800 2220
total 7140 6440

Electricity charge in Ft/kWh
Peak (@ 3 h/d) 3.6 4.7
Day (€ 13 h/d) 3.6 3.2
Night (@ 8 h/d) 2.5 2.3

daily average 3.23 3.1

BUSZESZ is currently charged according to Tariff A. However,
Tariff B appears to be much better with a lower demand charge
(10% lower) and a lower kWh charge (4% lower). By selecting
Tariff B, BUSZESZ would have a 5% reduction of its electricity
bill. Unless there is any obstacle that we didn't see, it is
recommended that BUSZESZ switch its tariff as soon as possible.

4. BENEFITS

4.1 Energy savings

4.2 Other benefits

RCG/Hagler, Bailly, Inc.
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ACTION B.1
1. PROCESS AREA

Molasse storage tank farms

2. STATEMENT OF RECOMMENDATION

Installation of new molasses pumps

3. DESCRIPTION/RATIONALE

Molasse for alcohol production by fermentation is stored in two
tank farms, one consists of 6 tanks (20'Dx60'H) and the other of
2 tanks (30'Dx80'H). Tanks are filled by pumping from tank car
through unheated flexible lines. The storage temperature is
maintained at 35/40°C year round using steam in coils in each
tank. The 6 tank farm is supplied with 1.8 bar steam and the 2
tank farm with 2.5 ba steam. Steam flow is not metered.

Temperature in each tank is manualy controlled with on/off steam
valves based on temperature readings to avoid overheating and
freezing. There is no steam trap or any other control, and the
steam supply is flashed to atmospheric pressure through the steam
heating coil. Condensate from the coils drains to a pit
surrounding the tank and is not returned as boiler feedwater due
to concern for molasse leakage into condensed steam.

The 1.5 bar steam supply has a capacity of 5 t/h and the 2.5 bar
supply has a capacity of 2 t/h.

Estimate of steam required for the coldest winter condition are
0.5 t/h for the tank system and 0.3 t/h for the 2 tank farm, well
below the supply capacity.

On an annual average basis estimates of steam requirements for
tank heating are 4900 GJ/y for the 6 tank farm and 3100 GJ/y for
the 2 tank farm.

Because steam for tank heating is not metered, it was assumed
that steam actually supplied was at line capacity for each set
of tanks. This 1is prcbably exagerated but will be modified
later. Based on this assumption, it is estimated that 96,000
GJ/year are supplied to the 6 tank farm and 38,500 GJ/y to the
2 tank farm.

Several options wele considered to reduce steam consumption:

o Option 1: install a steam control valve up-stream in each tank
which opening is controled by a temperature control 1loop;
Install a steam trap at the outlet of the steam coil. This
system presents 2 major risks: (1) due to the low heating
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temperature, it may happen that the steam coil pressure be at
vacuum or at a pressure lower than the molasse thus inducing
possible molasse leaks into the steam coil which will condust
sooner or later to the blockage of the steam trap (2) the
possible vacuum pressure will provoke air ingress into the
condensate piping system which will in turn provoke severe
corrosion.

o option 2: install a hot water loop in each tank farm
consisting of one heat exchanger to preheat the hot water using
steam, an expansion vessel located at the top of the storage tank
height, 2 circulating pumps, and a temperature control valve at
the outlet of each tank.

o option 3: suppress the need for steam use, by replacing
molasses pumps with new pumps designed for higher viscosity,
lower temperature molasses.

After discussion with BUSZESZ plant management, it was decided
that option 3 should be implemented.

4. BENEFITS
4.1 Energy savings

Estimated steam savings based on the marginal cost calculated by
the model of the power plant are shown below.

The energy savings must take into account the increased
electricity consumption of pumps.

4.2 Other benefits

Reduced maintenance cost as a result of the diminution of the
risk of corrosion and risk of pollution by molasse.

5. IMPLEMENTATION COST
6. PAY-BACK
7. SCHEDULE

This action was approved by the plant director during the 3/28/91
meeting.

The energy department will submit quotations for the new pumps
by May 15, 1991.

RCG/Hagler, Bailly, Inc.
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8. TECHNICAL RISK AND REFERENCE

© risk of frozen molasses in winter

It is probable that by freezing temperature some steam will still
be needed to maintain molasses temperature above the freezing
point.

9. BACK-UP DATA AND CALCULATION

.ee attached spreadsheet

RCG/Hagler, Bailly, Inc.
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ACTION B.2

1. PROCESS AREA

Energy department
2. STATEMENT OF RECOMMENDATION

Revise the building heating system:

0o prepare drawings of existing building heating system

o install steam pressure reducer valves at the inlet of each
building

o install under-cooling thermostatic steam traps on steam
heated radiators in replacement of existing disc traps.

o switch from an existing direct steam heating system to a
system using circulating hot water in three buildings (main
office building, annex office building, residential
building)

o discontinue building heating in storage areas.

3. DESCRIPTION/RATIONALE
Building heating is virtually uncontrolled. There are no
automatic controls for building steam and the condensate is
sewered. The totality of steam traps are disc traps which are
not appropriate for this service (thermostatic traps tuned-up to
flush undercooled condensate would be more appropriate). As a
result, buildings are largely overheated.

4. BENEFITS

4.1 Energy savings
4.2 Other benefits

S. IMPLEMENTATION COST
6. PAY-BACK

7. PLANNING
8. TECHNICAL RISK AND REFERENCE

9. BACK~-UP DATA AND CALCULATION
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ACTION B.3

1. PROCESS8 AREA

Steam and Power plant

2. STATEMENT OF RECOMMENDATION
Boiler efficiency and contrcl system improvement:
o Install automatic draft control cf boilers;

o Install a combined Oxygen and CO meter on boilers 3 and 2 to
monitor the e::cess air of combustion (measurement at the top of
the furnace);

0 Add three columns on the koilers log sheet: pressure (in mmWG)
at the top of the firebox, 02 (in %) at the top of the furnace,
CO (in ppm) at the top of the furnace, 02 (in %) at the exit of
the air preheater.

3. DESCRIPTION/RATIONALE
3.1 Automatic draft control system

Measurements performed on the boilers showed a large increase of
oxygen content of flue gas between the firebox and the outlet of
the air preheater, thus revealing a heavy infiltration of air
through the openings of the brickwalls of boilers. Air
infiltration is increased by the negative pressure of combustion
gas inside the boiler. To limit infiltration, it is recommended
to control the pressure of gas at a setpoint close to - 2 mm
(water gauge) WG at the top of the firebox.

Currently, pressure in the firebox is measured at an intermediate
level of the furnace height (not at the top). A damper is
located at the outlet of the boiler and up~-stream the ID fan to
adjust the pressure of flue gas in the boiler.

It is recommended that an automatic draft control system be
installed on the boilers.

3.2 In situ oxygen analyser

Given the type of boiler in operation at BUSZESZ power plant, the
level of combustion excess air is not determined with the
position of the air damper for a position of the fuel gas valve
through a mechanical link. The following factors may influence
the excess air:

© the draft in the boiler: the higher is the draft, the higher
will be the combustion excess air.
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o the status of air leakage through the air preheater which may
aggravate along the time, thus diverting more and more from the
burner and reducing the excess air.

Therefore, for a safe and efficient operation of boilers, it is
recommended to monitor on a continuous basis both oxygen and CO
in combustion gas as close as possible of the burner, i.e. at the
top of the firebox. We agree with the boilerhouse manager that
the operation of boilers at low excess air could be very
dangerous, if not properly monitored by a continuous CO and 02
aralyzer. Anyway, provided that temperature of stack gases are
low encugh, '"very low" combustion excess air is not requested,
and a 3% 02 at the top of the firebox would be enough.
4. BENEFITS
4.1 Energy savings

4.2 Other benefits

S. IMPLEMENTATION COST

6. PAY-BACK
7. PLANNING
8. TECHNICAL RISK AND REFERENCE

9. BACK-UP DATA AND CALCULATION
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ACTION B.4
1. PROCESS AREA

Steam and Power Plant
2. STATEMENT OF RECOMMENDATION
Install desuperheater on the main 15b/4.5 letdown valve.
3. DESCRIPTION/RATIONALE

There is no control of steam temperature in the power plant. Low
pressure steam superheat temperature may vary in a large range.
This has several consequences:

© Mass balance of steam system is difficult to achieve based on
flow meter readings since it must be corrected by the actual and
variable superheat temperature.

o There are situations where the maximum calculation temperature
of steam pipe is exceeded, inducing excessive strain in piping
and fittings. This situation favorizes steam leaks and blockage
of valves. Superheat steam damage the interior mechanism of
thermostatic steam-traps.

o Excessive superheat temperature increases thermal losses
through steam pipes.

It is recommended to install a low pressure steam desuperheater
down stream the 15b/4.5b expansion valve and the exhaust of the
steam turbine which superheat temperature is also excessive given
the low efficiency of the turbine.

4. BENEFITS
4.1 Energy savings

4.2 Other benefits
5. IMPLEMENTATION COST
List of equipment number unit cost (Ft)

Desuperheater by water
injection 1 2,000,000

6. PAY=-BACK

7. PLANNING
8. TECHNICAL RISK AND REFERENCE
9. BACK-UP DATA AND CALCULATION
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ACTION B.S
1. PRCCESS AREA

Steam and Power Plant

2. STATEMENT OF RECOMMENDATION
Higher efficiency boiler feedwater pumps procurement

3. DESCRI "ION/RATIONALE

Based on the actual flow and head of feedwater pumps on one hand,
and electrical power consumption on the other hand, it was found
that the efficiency of the feedwater pumps are very low at arond
40%, versus an expected 65% for a new pump. Therefore, electric
consumption of feedwater pumps could be reduced by 40% with new
pumps. It is recommended to change the aging and low efficient
feedwater pumps for new ones.

4. BENEFITS

4.1 Energy savings

4.2 Other benefits

Reduction of maintenance cost should be included in the
calculation of benefits.

5. IMPLEMENTATION COST
6. PAY-BACK
7. PLANNING
8. TECHNICAL RISK AND REFERENCE
9. BACK~UP DATA AND CALCULATION
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ACTION C.1
1. PROCESS AREA

Steam and Power Plant
2. STATEMENT OF RECOMMENDATION

Short/Mid term strategy plan for the development of steam and
power plant.

3. DESCRIPTION/RATIONALE

It is clear that the survival of the power plant is conditioned
to a drastic improvement of its efficiency. The cogeneration
efficiency (i.e. total useful energy output divided by total
energy input) should be increased from a current 76-78% up to
85%.

So far, BUSZESZ has been successful in translating low efficiency
production costs into the price of steam (the average price of
steam is even slightly higher than the average production cost).
The result is that the clients of BUSZESZ for heat (including the
paper plant which is part of this USAID funded "Energy Efficiency
Emergency Program") are very unsatisfied. They make a simple
calculation: marginal price of natural gas is 264 Ft/GJ, assuming
that they have a 88% efficiency boiler, the cost of generating
low pressure steam is 300 Ft/GJ (315 Ft/GJ at maximum, taking
into account the cost of demineralized water). They pay steam
to BUSZESZ at a marginal price of 412 Ft/GJ. If we consider that
they have to pay for transportation heat losses (evaluated at a
minimum of 5% of heat content of steam), the actual price is
about 412/.95 = 433 Ft/GJ, i.e. 37% higher than their own
production cost. Therefore, BUSZESZ clients, when equipped with
boilers tend to use their own boilers at maximum capacity and
Furchase steam from BUSZESZ just for peak load. Furthermore,
whoever is purchasing steam from BUSZESZ with a constant demand
is considering to install new boilers.

However, BUSZESZ should be able to develop steam sale at a lower
price than 1its clients' production cost owing to its
turboalternator: marginal production cost of steam with no
cogeneration capability is around 315 Ft/GJ like at BUSZESZ
clients. A turboalternator would reduce the marginal cost of
steam in a range of 285 Ft/GJ to 255 Ft/GJ. Therefore, there is
an opportunity for BUSZESZ to sell steam at an "acceptable" and
"unbeatable" price to its clients and still make a significant
profit. This is the "best case" scenario where the power plant
would become an important profit center of BUSZESZ.

The "worst case" scenario is the probable dismantling of the
power plant and energy department as it is now: If no steps are
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taken to increase the power plant efficiency and reduce the cost
of heat, it 1is 1likely that all of BUSZESZ clients will
discontinue steam purchase. BUSZESZ will have to support alone
the cost of its oversized power plant, with very little chance
that a retrofit program plan prove profitable. In that "worse
case" scenario, it is probable that BUSZESZ will find financially
more attractive to stop operation of the power plant and build
two small low pressure package boilers, fully automatized.

To give a chance to the "best case" scenario, it is highly time
that:

0 BUSZESZ negotiates with its clients to stop any project of
installing local boilers.

o BUSZESZ prepares a strategic plan for the future retrofit of
its power plant with various scenarios:

1. Steam sale development scenario, where steam would be
proposed at a price lower than production cost at
clients' boilerhouse. In that scenario, it could be
expected to get the financial support of clients and
government for a mutually beneficial project.

2. Status quo scenario, where steam would be proposed at a
price slightly higher than its clients' production cost
but low enough to make unprofitable any project of boiler
and/or power plant at clients' plants.

3. Giving-up steam sale scenario, where BUSZESZ would stop
selling steam, and would determine the most profitable
structure for the steam and boiler house:

3.1 refurhish turbogenerator
3.2 install a new turbogenerator
3.3 install low pressure package boilers

For each scenario, BUSZESZ will develop a tariff structure for
steam.

O BUSZESZ negotiates this strategic plan with its clients to
determine a commitment for a scenario, based on future tariff
options.

0 BUSZESZ determines together with possible financing third-
party which scenario would be implemented on a cost/benefit
basis.

4. BENEFITS
4.1 Energy savings

4.2 Other benefits
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ACTION C.2
1. PROCESS AREA

Steam and Power Plant
2. STATEMENT OF RECOMMENDATION

Improvement of the instrumentation and control systems of
boilers:

Automatic load control systems

Automatic water level control system

Install natural gas meters on each boiler

Install additional steam meter

Move air intake for F.D. fans at the top of the boilerhouse

000OO

3. DESCRIPTION/RATIONALE
4. BENEFITS
4.1 Energy savings
4.2 Other benefits
5. IMPLEMENTATION COST
List of equipment number unit cost (Ft)
Total cost is estimated at
6. PAY-BACK
7. PLANNING
8. TECHNICAL RISK AND REFERENCE

9. BACK-UP DATA AND CALCULATION
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ACTION C.3
1. PROCESS AREA

100% Alcohol Distillation System
2. STATEMENT OF RECOMMENDATIONS

o Preheat feed stock with alcohol column bottoms product and
with condensed steam used to reboil column material.

© Replace direct steam injection used to reboil water columnn
contents with an indirect system and return condensate to the
boiler house.

3. DESCRIPTION/RATIONALE

(a) Each of two dewatering columns are now heated indirectly with
900kg/h of 1.8 bar steam. The condensate is returned to the
boiler house and the 78 C alcohol bottom product is sent directly
to storage with no heat recovery. It is recommended that a heat
integration program be instituted consisting of two heat
exchangers one of which will be used to partially preheat the
feed stock with the alcohol column bottoms followed by a second
heat exchanger used to continue preheating (and partially
vaporize) with condensed steam from the column reboiler (see
attached flow diagram).

(b) The water column is currently heated with about 200kg/h of
1.8 bar steam directly injected into the column. The column
bottoms product, which includes condensed injection steam, is
currently sewered. It is recommended that a heat exchanger be
purchased so as to indirectly heat the water column. The column
bottoms, in much smaller quantity than with direct injection,
can be sewered while the hot steam condensate can be used for
heating and then returned to the boiler house.

4. BENEFITS
4.1 ENERGY BAVINGS

For the alcohol feed preheater, estimated steam savings appear
to be 100 kg/h.

For the water column there are no direct steam savings.
4.2 Other Benefits

o There is the possibility that adding heat to the feed might
reduce the steam requirements fur the distillation.
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"o Reduction of water pollution by reducing the quantity of
bottoms product sewered.

o Increased condensate return to boiler house.

5. IMPLEMENTATION COSTS

List of equipment

NUMBER
tubular heat exchanger (liquid-to-.iquid) 1
boiler (96% alcohol vaporizer) 1
tubular heat exchanger (steam to-boiling liquid) 1
piping 50 meters
insulation 50 meters
pumps 3

6. PAYBACK
7. PLARNNING
8. TECHNICAL RISK

A careful assessment must be made of the dehydration column
performance. It was presumed for this recommendation that heat
input into the column through the reboiler (as is now done) could
be transferred to the feed (by preheating) without disturbing
concentration profiles of alcohol and water throughout the
column. This must be thoroughly checked with detailed
calculations before implementation. Note also that no more than
half the reboiler steam heat was assumed transferred for
preheating for the very purpose of avoiding significant column
upsets.

RCG/Nagler, Bailly, Inc.
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ACTION C.4

1. PROCESS AREA

Dried yeast plant
2. STATEMENT OF RECOMMENDATIONS

Optimize operations of the yeast drier

o Raise the air moisture content to the drier inlet
o Recycle more moist air from drier exit

3. DESCRIPTION/RATIONALE

All yeast produced for sale is made in the same fermentation
equipment. Currently, 7 batch vessels are used to produce about
22,000 tons of yeast. All yeast produced is pressed to remove
some water and then sold. Dried yeast is made by further drying
pressed yeast. This is done in a spray drier which processes 140
kg/h. Production of dried yeast was 314 tons in 1990 (compared
to almost 21,700 tons of pressed yeast) and production is
expected to increase because of the greater value of the dried
product.

Producing the spray dried material consumes far greater energy
than pressed yeast. Specific energy consumption for dried yeast
is 18.9 GJ/t of thermal energy compared with 4.6 GJ/t for pressed
yeast and about 2,600 kWh/t of electricity compared with 472
kWh/t for pressed yeast. On an annual basis the dried yeast plant
consumes about 6% of all thermal energy and 8% of electricityused
in the yeast plant but only produces 1.4% of the total yeast
made. As more emphasis is placed on dried yeast production,
energy consumption will drastically increase.

For example, even if total yeast production remains constant at
22,000tons/year, changing the distribution of pressed and dried
yeast by increasing dried yeast production by a factor of 5 will
require about a 40% increase inthe yeast plant total thermal
energy requirement and a 60% increase in total electricity usage.
Although increasing the energy efficiency of the boiler plant and
the steam turbine will help, careful planning of energy costs and
availability must be undertaken before producton increases are
ordered. Fortunately there are process changes in the productlon
of dried yeast which will also help.

Electricity is mainly used in the packaging of dried yeast
although a considerable amount is used in the drying process for
cooling and delivering air to the spray drier. As currently
practiced, ambient air is cooled to about 1-2 C with a mechanical
(freon) cooler and then heated with 6 bar steam to raise the
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temperature to 86-90 C prior to entering the drier. This
combination of cooling and heating reduces the moisture content
of the drying air and provides heat for the drying process. The
final dried yeast contains 4-6% moisture and the air from the
drier, at 40 C, contains 12-17% moisture. About 1/3 of the drier
exit air is recycled to the drier for efficient operation. The
drier operates with an 18 kW blower and provides air at a rated
10,000 kg/h.

3.1 Changing drier conditions

Several current drying practices were considered fixed, based on
the present equipment used and the nature of the material being
dried.

o The air now delivered to the yeast spray drier must be
maintained at its present flow. in order to provide good
circulation for proper drying.

o Because of sensitivity of yeast to temperature, the drier inlet
temperature now used, 88-90 C, cannot be exceeded.

With these imposed conditions, the only strategy possible is to
change the parameters used to condition air for drying and to
increase air recirculation in the drier. Thecse changes are
described below and should lead to modest savings of steam and
electricity.

o Raise the temperature out of the air cooler to 15 C from the
presently maintained 1-2 C. The saturation moisture content at
this temperature is high but should be sufficient for yeast
drying.

o Reduce the pressure of steam used to heat the drying air from
6 bar to available 1.8 bar steam. Steam at 3 bars condenses at
131 ¢ which should be sufficient to heat air from 15 C, at the
cooler exit, to 30 C. Also, the air heater is not insulated; it
should be.

o0 Recycle more air from the drier exit to the inlet while
maintaining the drier exit temperature at 40 C. As a rough
estimate, it might be possible tc recycle as much as 40-50% of
exit air.

o Consider instilling an air-air heat exchanger in which 15 C air
out of the cooler can be preheated with exit drier air.

o The spray dryer currently used is massive and probably requires
considerable preheating in order to reach operating conditions.
Even at the relatively lowoperating temperatures, 40-90 C, heat
losses through the wa.ls occur. The spray drier should be
insulated.

RCG/Hagler, Bailly, Inc.
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4. BENEFITS

4.1 Energy savings

Steam consumption for drying, as currently practiced, is about
7 GJ/t of yeast dried and electricity about 130 kwh/t,
considering blower energy only. A rough estimate of steam saved
is 30% of present consumption which would lead to a cost benefit
of about 200,000 Ft/y at present production capacity.

This examination of thermal energy saving used to produce dri i
yeast 1is restricted by the need to consider some drying
conditions as mandatory with the presently configured system.
What is really required is a thorough reexamination of the entire
drying process, including the proposals made above. Consideration
should be given to reducing the air flow through the drier,
although the electric energy savings would be modest compared to
electricity used for packaging. Any reduction in air flow in a
redesigned system could further reduce thermal energy
requirements.

As an alternative to the present method of drying, the use of
heated vacuum cylinders, of a design similar to the equipment now
used to produce pressed yeast, is possible and could lead to
significant energy savings. Temperature control at the cylinder
surface and the temperature sensitivity of the yeast would
determine if this an appropriate drying method.

4.2 Other benefits

Replacement of high energy 6 bar steam with lower energy steam

5. IMPLEMENTATION COST

insulation
piping
heat exchanger (air-to=-air)
instrumentation
6. PAYBACK
7. PLANNING

8. TECHNICAL RISK

Despite its appearance of feasibility, this project should not
be undertaken without careful examination of possible harmful
effects on the drying process and the dried product.

RCG/Hagler, Bailly, Inc.
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APPENDIX 1: List of data provided by the plant

As part of the preliminary energy audit (PEA), RCG/Hagler, Bailly
reviewed a number of standard BUSZESZ reports. Because of the
limitations on time and level of effort for the PEA, only
selected data was used. In this section, we summarize the types
of reports used at BUSZESZ.

© Steam production monthly report:

This report presents the steam and ~>ndensate 1ilance at the
boiler house, per 10 day periods. The repoir shows a mnass
balance (tonnes) and a heat balance (kcal). The items of the
balance are the following:

Soft water
Condensate return
Feed water to boiler 1
boiler 2
boiler 3
total
Steam raised at boiler 1
boiler 2
boiler 3
total
Steam consumption through:
turbogenerator
35/15 by-pass valve
Steam use breakdown
gland steanm
condensate tank
medium pressure extraction
low pressure exhaust
Reducing valve
medium pressure 35/15
Low pressure 15/4.5
Blowdown
Self consumption
at the steam turbine
power station heating
deaerator heating
total
Steam reducers
LP steam 1 & 3
self consumption
Steam output
MP steam
LP steam
total
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o Daily production/sale/purchase and operation report

PRODUCTION/SALE/PURCHASE OF ENERGY

Production sale purchase

steam in GJ
daily
cumulative
electricity kWh
daily
cumulative
Well Water m3
daily
hour average
cumulative
Other water m3
city daily
river daily
Total water m3
Electricity balance kWh

BOILER FEEDWATER QUALITY (by shift and boiler)

hardness
alcalinity

COMMENTS ON OPERATION

1. type of fuel fired
2. trip out report

MAINTENANCE OPERATION

1. Maintenance staff
2. Description of maintenance operations

WELL WATER PRODUCTION

by well, total daily in m3 and peak demand in m3/h
comment
water temperature to desalination plant

o Puel gas use monthly report

each month is divided into 10 day periods.
meter readings starting
ending
difference
quantity in Nm3
low heating value of jas (monthly)
Heat output from boilers in GJ assuming a 83% fuel-to-steam

RCG/Hagler, Beilly, Inc.



BUSZES8Z YEAS8T AND ALCOHOL FACTORY -~ ENERGY AUDIT

63

thermal efficiency
o0 Breakdown of pales per meter

reading starting
ending
difference
quantity in tons
average pressure
average temperature
correction factor
corrected steam flow in tons
Enthalpy in kcal/kg
total heat supplied in kcal
in GJ

Note: the invoicing is based on total enthalpy of steam

Clients are:

Budacolor 1

Paper factory

Internal 15.5b steam

No 2 pipeline 4.5 bars

No3 pipeline 4.5 bars
Hungarovin (on a monthly basis)
Military barracks (lump-sum)

Budacolor 2 (meter out of order, based on last year, same period)

Vegyepszer (small shop, lump-sum)

Water pumping station (monthly)
Zim factory (no longer a buyer)
Paper mill 2 (monthly basis)
Poultry food (monthly basis)

RCG/Hagler, Bailly, Inc.
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APPENDIX 2: Energy model of the steam and power plant

RCG/Hagler, Bailly, Inc.
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Fixed cost structure (MFt/year)

salary (20)

natural gas (25)

maintenance (15)
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COST STRUCTURE EQUATION
aw s
demine
fuel elec water
QJh kWh/h mah
Variable Heat cust 130.7 ~2342 313
Variable Elec cost 2000
Constant cost [ X ] 1140 1.8
Total cost 137.3 708 33.1
Total variable Heat cost Fth 28042
Total heat supplied GJd/h 101.9
Unit cost FUGJ 275
Total variable Elec coet Fth 8487
Total Elec supplied kWh/h 2000
Unit cost FUkWh 3.23
Power demand charge FUh 2038
Constant heat loss Fth 5482
Fuel gas demand charge Fth 5014
Heat conetant cost Fth 10408
Maximum heat demand MWth 40.8
Unit cost FUMWth/h 258
FuMWth/month 187002
Total fixed coet for heat
salary MFVyear 20
maintenance MFuyear 15
thermal energy MFt/year 73
total MFVyear 108
Ph 12388
Unit cost PMWthh 303
FUMWth/month 221318
Total fixed + variable
operating cost Fth 48902

total

28042

5481.
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BREAK-EEN POINT

Energy charge
Demand charge

Maximum Demand
Break-even point

Current demand
Profit margin

27/l

FTAMWth/h

MWth
GJh

GJm
Fth
FuGJ

actual
cost
278
303

41
47

102
7518
74

market
price
412
148

ENERQY PURCHASE PRICES
. Nus -

fuel boiler elec.
gas fesdwater energy
FVaJ (27, FYkWh
Peak hours 18h~21h 264 358 30
Day 6h-18h 18h-22h 204 388 36
Night 22h~8h 264 355 28
dayly average 204 3588 3.23
kFUMWth kFTMWe

monthly demand charge .
nomal 2/ 83.98 508
back-up 1/ 2.4
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note 1: for electric power, a penalty of 38080 FUday will apply in

caee of ues of back-up power

note 2: for fuel gae, the demand charge applies only 7 monthe a year
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ENERQY SELLING PRICES
=

elec.
steam energy
houre/day FUaJ FtkWh
Peak hours 18h-21h 3 412 48
Day Sh-18k 18h=22h 17 492 a7
Night 22h-8h [ 412 2
KVEIEQe eNeIgy price 412 200

kFMWth

monthly demand charge 108

note 1: there is & penalty for any outeide client who dosse not
return condensate to Buaresz

non
returned
condensate
27,81}

40
40
40

40.00
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CHARACTERISTICS OF FLUIDS
Equip : : No
ID No : LIBELLE DES PARAMETRES unite . instrum,
. 35B STEAM
pressure barg
temperature c
enthalpy thA
: heat content 1/ Qin
. 158 STEAM AT BOILER PLANT
' pressure bar g
temperature C
: onthalpy thi
: 188 STEAM AT THE USER POINT
pressure barg
temperature C
enthalpy thh
: heat content 1/ GJR
: 9B STEAM
pressure barg
temperature C
enthalpy thA
: heat content 1/ QiR
: 4.58 STEAM AT THE BOILER PLANT
preveure barg
temperature (o]
: enthalpy thA
: 4.88 STEAM AT THE USER POINT
: pressure barg
temperature (o}
enthalpy thA
: heat content 1/ Qin
: 1.8B STEAM
pressure barg
temperature C
enthalpy tha
: heat content 1/ Qir
: BOILERS STEAM DRUM
: pressure barg
temperature c
: onthalpy tha
: DEAERATED FEEDWATER
: pressure barg
tomperature c
enthalpy thA
: total dissoived solid ppm
: CONDENSATE RETURN
: preesure barg
temperature C
enthalpy tha
heat content 1/ QiR

note 1: heat content of steam in QJ is based on the total enthalpy of steam

: saturated : lsantropic
: actual : condition : lotdown
. value : vapor : liquid 1
33 : : :
: 350 : 240.5 : 2405 :
: 7420 : 6888 : 2483 :
: 3.102 :
15 : :
: 270 : 2009 : 2009
: 70868 : 6685 : 2044 .
15 . : :
: 270 : 2009 : 2009 :
: 7088 : 6685 : 2044 :
: 2963 :
6 : : :
285 : 1845 . 1645 :
: 708 : 680.4 : 168 :
: 2980 : :
45 H :
: 190 : 1581 : 155.1
: 8702 : 6570 : 158.2 :
45 . :
: 190 : 1581 : 15851 .
. 6762 . 6570 : 1582
1 2.827 ¢ :
18 : : :
: 150 : 1309 : 1300 :
: 6508 : 6408 . 1314 :
: 2.7% ¢ : :
35 : :
s 247 . 247 : 247 :
: 0888 : 0885 : 2887 :
0.08 : :
101 100 : 100 :
101 : 6408 : 108 :
o : . )
0 :
80 :
: 80 :
: 0.334

330

450
400

360
350
340




CHARACTERISTICS OF FLUIDS

Equip : : No
ID No : LIBELLE DES PARAMETRES unite . instrum,
: DEMINERALISED WATER
: pressure berg
temperature Cc
: enthalpy thA
: AMBIANT AIR
: pressure barg
temperature c
enthalpy tht
FUEL GAS
Equip : : No
ID No : LIBELLE DES PARAMETRES unite . instrum.

chemical compoeition
co2
H2
N2
CH4
C2H4
C2H8
c3
C4
cs
: H28
molecular weight
sulfur content

LHV calorific value
HHYV calorific value

neutral airfuel ratio
neutral flue gasfuel ratio
flue gas specific gravity
flue gae epscific heat

%vol
%vol
S6vol
Yevol
%vol
Y%vol
%vol
Y%vol
%vol
Y%vol

% poids
9/10th

th/Nm3
MJ/Nm3

th/Nm3
MJ/Nm3
kg/10th
kg/10th
kg/Nm3
koalkg.C

. actual
: value

. saturated

: condition

: vapor

: liquid

: Isentropic
: letdown
1

- -

20 :

tl: 2003

25 :

1.80 :
806 :

418 ¢
: 072 ¢

0.19 :

LA



BOILER HEAT BALANCE

Equip :

ID No : LIBELLE DES PARAMETRES

unite

: No
. Instrum,

: CHARACTERISTICS

: Maximum steam raised
. Steam pressure

. Pressure relief valves

. Superheat temperaturo
: HP steam enthalpy

: Minimum s*oam raised

. BASIC DATA -~ [ cST

. Steam flow

: Fuel gas flow

. Economiser

. Fecdwater side

Temperature
flowrate

. Flue gae slde

Temperature

: Airflue gas preheater
¢ Alrside

Temperature
enthalpy
combustion air flow
heat exchanged

¢ Flue gae side

: Blowdown total dissoived solid

Temperature measured

Temperature calculated

enthalpy

O2total

O21total

total exceee air

total air flow

fiue gae flow

fiue gas specific heat
co2

combustion excess air

: Blowdown rate 1/

: Other watet/stecm loss
: Fixed heat loss

: Blowdown enthalpy

bar g
bar g

thA

th/h

S0

c

thA
kg/10th
kcal/10th

: Thermoco :

: Fyrite

. metar
: moter N.O., :

. meter

: Enerac

: Fyrite

Pemmumd> ! ]

: TDS meter :

in : out : in ¢ out :
BOILER 1 BOILER 2 BOILER 3
20 18 28 .
3 a3 a3
41 . : :
. 385 : 346 . 400
. 7608 . 7383 : 7600
: 7 : 10
: : 20 . 22 . .
. 17000 : : 17000 : 1 22000
100 : 140 : 98 : 135 : 98 . 136 .
. 2316 . . 1638 : . 1748 .
: 21 ¢ 76 : 17 . 72 : 25 . 79 :
: 85016 : 18.22 . 4050 : 17.26 : 5973 . 18.95 :
: : 20011 ¢ 2011 . 19.83
. 2088 : . 2656 : 2573 .
: . 200 : . 138 ¢ 131
2318 ¢ . 1638 : ;1748 :
: 62,79 : 5424 : 4443 . 3661 : 4743 . 3553 :
D118 : 68 :
C11.8 H n/a :
:110 : 130 : : :
: 30.17 . 33.06 : : 2080 ¢
: 31.10 . 3398 . . 21,682 ¢
: 0271 : 0271 ;0271
: 5 : : 5 : i nla
40 40 :
850 :
2 : 2
0 : 0 : :
: 18 : : 18 : : 1.8 :
. 258.7 : . 286.7 . 2857

- - - -

note 1: monitored every 4 hours by lab.

In : out

10

20




BOILERB HEAT BALANCE (CONT)

Equip : o plant S : :
1D No : LIDELLE DEB PARAMETRES unite Cinatrum, o 0 i out in out in ont

. VARIATION OF TOTAL EXCESS AIR

: Threshold
steam flow th : 10 : 10 : 15
exoess air w 100 . . 132 : A4
. Low point : : : . .
steam flowm! th : 6 : 5 : 7.6
oxoess air % 600 . B00 : 300
VARIATION OF STACK GAS TEMPERATURE
. Upper point
steam flow th 20 : : 20 : 20
temperature c 200 136 ©131
. Lower point : oo : : : : :
steam flow th : Lo : 10 . : 10 : 10
temperature C : A ¢ 180 D126 120
: HEAT BALANCE EQUATION
1 Cu(X4°Q+XBY(X0+X1*EA-TF*(X24+X3* EA))
X0 : Corr 11,007 : 1006 : : 1.008
X1 : DL 1 I TE-08 : OE-08 : QE-05
X2 : Tl AE-04 : AE-Q4 : 4E-04
x3 : It 1 ! AE-08 : 4E-08 : 4E-08
X4 : A < Iy A ;8458 . 676.2 .
p (. ] : cor 1 308 : 308 : . 308
: EQUATION FUEL GAS/STEAM FLOW
: Steam flow Q th : 1178 : 11,78 108
: Fesdwater flow th D110 D11.90 T 10.00
: Tota) excees air EA % : 100 T132 : 44
: Alr flowrate th 1 20.20 ;2038 : 30.18 :
. Stack tempsrature TF [+ : : 1838 ¢ : 1207 ¢ : 1305
: Fuel gas c 10th/h : Dol 9420 : 881.5 : . 1488, :
: Nm/h : HEEEEE A - R . 9340 : : 15848.
: Fuel gas load % oo 85 : : 52 : : 68
: Gas 1o steam ratio thA : Do 1 8012 T 7497 1 7442
: Qun : Do 1 3.3% : 3.138 ¢ 13112 :
: Eficiency on LHV % : A . 81.8 : 850 : ;808




BOILERS CONTINUOUS BLOWDOWN

: No

Equip :
ID No : PARAMETRES unit : instrum,
: Liquid
fiowrate th
9% saumcur
enthalpy thr :
: Flash steam
. pressure barg
total dissolved eolid ppm
flowrate th
% fash
enthalpy thit
STEAM LETDOWN
Equip : : No
IDNo : ITEM unit . instrum.
. 358/188
: Steam
flowrate th
temperature (o}
enthalpy thA
: Destiperheating water
: flowrate th
%
. enthalpy thA
. 15808
. Steam
flowrate th
temperature c
. enthalpy thh
: Desuperheating water
: flowrate th.
%
. eonthalpy thA
. 158/4.58
: Steam
flowrate th
teniperature c
. enthalpy thA
: Desuperneating water
. flowrate th
%
enthalpy tht

in out
. 0.882 : 0.619 :
: . 71,88
. 2857 @ 105 :
0.2 :
: 0.242
. 28,13
. 840.8
in out
. 1.848 : 2 :
: 758.3 . 7086 :
: 0181 ¢
. 8.180 :
100 :
2 0900 : 1:
: . 7080 : 708 :
¢ 0.001
2 0.008 :
100 :
0.048 : 1
: 7086 : 67682 .
0.083 :
8623 :
100 :



STEAM LETDOWN

Equip :
IDNo : ITEM

unit

: No
: instrum.

: 4.88/1.88

. Steam
flowrate
temperature
enthalpy

: Desuperheating water
flowrate

enthalpy

£S5 §OF

g
>

WATER BALANCE

Equip :
IDNo : ITEM

unit

: No
: instrum,

. Water losses

:  sewed blowdown
loss 35b
feedwater turbopump
fuel tank oll
other boiler house
deasrator vent
1.8b steam vent
boilers loss

Total loss

: Steam to proccse plant/export

15b steam

Sb steam

4.8b steam

1.8b steam
condensats return

: Make~up water

demineralised water tor R

: Water treatment balance

demineraliesd water
total raw water

$§$55% § S555S5°5°%

$

$s

in out
. 4.080 42
676.2 : 68508
0.119
2.924
100
in: out:
T 0.819
: 05 :
05 :
02 :
05 :
0.1
0 :
: 0 :
T 2410 ¢
[- 2
1
20.7 ¢
: 10 :
e : :
3N
<< R A
3000 :



FEEDWATER PREHEATER USING STEAM

Equip

: No
IDNo : ITEM unit : Instrum.
: Feedwater
flowrate th
temperature c
enthalpy tha
. 15b steam
flowrate th
enthalpy thR
TURBOGENERATOF
Equip * plant
ID No : ' IBELLE DES VsiliAMETRES unite inetrum
: CHARACTERISTICS
: Maximum inlet flowrate th
: Maximum extraction flow th
¢ Maximum exhaust flow th
: Design Maximum power kW
: Current Maximum power kw
: Minimum power kW
: Alternator nominal power kVA
: ENERGY BALANCE
: Source
: iniet steam
: flowrate th
preseure bar abs
temperature c
. enthalpy thA
. entropy thA.C
: Extracted steam (HP stage)
: flowrate th
1 pressure bar abe
. temperature c
. enchalpy thA
. eontropy thAC
:  actual oty aipy drop th
: isentropic istdown tha
:  lesntropic sfiiciency %
:  electromecanical efficiency L)
:  kWh per ton of cteam kWhA
:  HP stage power kw

2308 : 23.98
101 : 101
101 : 101

0 : 0

708.8 : 204.4

- -  mr  ——  —

- - - - - > —— o c—

28
!'.§88

18 .
10 :

: 7480
: 1.680 :
. 84408 :
: 8282 :

. 58.89 :
: 2044,



TURBOGENERATOR

Equip :
ID Mo : LIBELLE DES PARAMETRES

: plant
tinstrum. @ @ in :  out:

- - —— e ——

: Exhaust steam (LP stage)
. flowrate
pressure
temperature
enthalpy
entropy
actual enthaipy drop
isentropic letdown
isentropic efficiency
electromecanical efficiency
kWh per ton of steam
LP stage power

TURBOGENERATOR (CONT'D)

- - —— . —

Equip :
1D No : LIBELLE DES PARAMETRES

: HP + LP stages
actual enthalpy drop
kWh per ton of steam

: Electromechanical efficiency
: Power generated

: STEAM FLOW/POWER EQUATION

: High pressure stage

. power/steamfiow ratio
no load loss
incremental power

: Low pressure stage

power/steamflow ratio
no load loss

incremental power

: No load loee coefficient

: 103.7 ¢
D122

. 4812,

.
: :
. 58.80
: 18982

: 7089
. 53.34
: 2112

. 67.63 :

<



CORRECTION OF THE EQUATION STEAM FLOW/POWER

IN FUNCTION OF INLET ENTHALPY

Equip

: plant
. instrum,

ID No : PARAMETERS unite

: HIGH PRESSURE STAGE

. preseure bar abs
temperature c
specific gravity kg/m3
enthalpy thA
entropy thA.C
pressure extraction bar abs
temparature extraction (o
enthalpy extraction thnr
actual enthalpy drop thRt
isentropic letdown thAt
isentropic eHiciency %
no load loss %
power uorrection coefficient
average power kWhR
marginal power kWhA
no load lose kwh

: LOW PRESSURE STAGE 1/

. pressure bar abs
temperature c
enthalpy thA
entropy thA.C
pressure extraction bar abs
tempereture extraction o]
onthalpy extraction tht
actual enthalpy drop tht
issntropic letdown thA
isentropic efficiency %
no load lose %
power correction coefficient
average power kWhA
marginal power kWh
no load loss kWh

: TG EQUATION
HP stage cosfficient
LP stage cosfficient
constant
auxiliary motors kw

: Extracted steam

: Exhaust steam th

: Generated power kW

note 1: 2 wheele were removed on the low pressure stage

- 40 k2
M 480 : 381.0
H I 12.61 : 12.28
Hl N 800.4 : 758.3
I :
I 16 16
340 2083
| 748.0 . 7245
54.46 33.8
6599 : 52
82.52 a5
16092 : 186.92
1 : 0.620
£3.89 : 38.55
70.89 : 43.90
600 : 3723
18 : 16 :
Pl 340 @ 203 :
ch: 1 7480 : 7245
[ R : :
. 55 : 55 :
: 230 : 258
. 600.7 : 7133 :
: 4033 : 11.20
: 6590 : 583
;7474 20 :
r 2112 25 ¢
: 1 : 0228 :
: 83.34 : 1217
: 6763 : 18.23 :
: 500 : 1420 :
: 7080 : 490 :
: 8763 : 1623 :
: =1100 : 514, :
-10 : =10 :
: 1074
. 20.02 ¢
: 10086,

: 0971

ov



AUXILIARY TURBINES

-

Equip :
ID No : PARAMETERS

unite

: plant
. ingtrum.

: YEAST AIR COMPRESSOR
. number in operation
foad
Steam quality
maximum flow
minimum flow
power
equation
proportional coefficient
constant
steam flow
mecanical power

: FEEDWATER TURBOPUMP
:  number in operation
steam quality
maximum flow
minimum flow
power
equation
proportional coefficient
constant
steam flow
power

z55S

kW

55

kw

158

2.8 ¢

158

- - > — - —

0.5 :

06 :

70 :
1.88 :

280 :

70

-210

1.88 :

58 :
106 :

ol

N




AUXILIARY MOTORS

Equip : : plant HE
ID No : PARAMETERS unite cinstrum. @ : : : Value

: FEEDWATER MOTORPUMPS

number of motorpumps 3
number in operation 1
nominal flowrate mdh : - 60 : 50 50
temperature Cc : oo 100 ¢ 100 100
deneity : ot r 098 @ 096 0.98
head m : ¢ ¢ 880 : 58 550
efficiency % : oo 40 : 40 40
nomipa. rower kW : oo+ 2158 1798 179 8
powaer/flow equation W= KQW) . Do :

constant H ©or . . 1883 :

proportionnal coef. : Coron 0791

quadratic coef. : - 0 :
feedwater flowrate : oo :

feedwater to boilere th : 4397 ¢

desuperheating water - :

letdown 358/158 h ot 0181

letdown 158/4.58 th : :o: . 0083 :

total th : Y " R |
feedwater flow per pump th : Y " R I I
power per pump kw : torr 2038
total electric power kw : oo 1 2033 ¢

: BOILER FANS : : 0 : 0Lt : OlL2 : OIL3 :
. number of fane : L 2: 2: 2 :

nominal power per boilor kW : oo r 138 : 136 : 150
nominal steam flow th : A 30 : 30 : 40 :
actual steam flow th : s 1178 0 1175 ¢ 198 ¢
mechanical power on shaht kW : HEE A 72 : 72 : o8 :

total electric power kW : HE - I




AUXILIARY MOTORS

Equip : : plant
D No : PARAMETERS unite ! instrum.
: MAKE-UP FEEDWATER
. nomber
nominal flowrate QV mdh
temperature [
density
head m WG
efficiency %
nominal power w kW
power/flow equation 'W = f{QW)
constant
proportionnal coef.
quadratic coef.
make-~up water flow th
electiic power kw
: OTHER AUXILIARIES kW
lighting/battery charging kw
miscelianeous kW
: TOTAL AUXILIARIES kW
FEEDWATER/DEAERATOR
Equip : : plant
ID No : PARAMETERS unite instrum
: DEAERATOR
: Feedwater
flowrate th
. onthalpy thA
: Steam (LPAent) :
gueseed flowrate sssnsss |
calculated Rowrate th :
enthalpy thA
: MAKE-UP WATER PREHEATING
: Feedwater side
flowrate th
temperature tha
: Blowdown
flowrate th
temperature tha

: 2564

. 20.00 :
¢ 0,070 :

P 3311
T 2402 ¢

D 3024 : 44.18 :
. 3063 : 101 :

: 803 : :
: 503 : 0.1 :
: 6508 : 680 :

L~




FEEDWATER/DEAERATOR

Equip : plant
iD No : PARAMETERS unite instrum
: FEEDWATER INLET DEAERATOR :
. Mahke-up water th
onthalpy thA
condensate 15b steam/faodwater pre t/h
enthalpy thA
blowdown flash steam th
enthalpy thit
condensate return th
enthalpy tht
Water inlet deaerator
flowrate th
enthalpy tht
1.8B STEAM BALANCE
Equip : : plant
ID No : PARAMETERS unite : instrum.
: turbo aircompressor exhaust th
: letdown 4.8b/1.8b th
: 1.8b steam demand th
: steam vent th
4.58 STEAM BALANCE
Equip : : plant
ID No : PARAMETERS unite . instrum,
: turbogenerator exhaust th :
. 18b/4.5b lstdown th
: deaerator th
: fuel oil tank th
: other boiler house th :
: net 4.5b steam available th : meter
. to Budacolor th :
to Hungarian wine th :
to Paper mill th : meter
to Poultry food th . meter
to buildinge heating th :
to in plant process use th . meter
of which 4.8/1.8 letdown th
yoast th
distillery th
other use th

! <<=m
! <<um 35
mini maxi
1 8
1.5 2

in out
¢ 33,11
. 20.84 :
: 0 :
P 2044
: 0242
. 6408
[
60
39.36
30.63 :
in out
58 :
42
10
in out
¢ 2002 ¢
: 1 :
. 8539 ¢
: 02 :
: 05 :
. 24,28
0.2
1
12.08
4.080
0.00 :



98 STEAM BALANCE

: plant

Equip :
1D No : PARAMETERS unite ; instrum. in out
. 18b/b (etdown valve th 1
. dry yeast th
158 STEAM BALANCE
Equip : : plant
iD No ©* PARAMETERS unite :instrum. in out
: TG extraction th 10.74 :
: 38b/18b letdown valve th 2 .
: to feedwater preheater th :
: to Budacolor th . meter :
: to 18b/4.8b letdown valve th : . 0.048
: net 15b steam available th ! meter P 9799
of which to 18b/6b valve th : meter 0.000 :
to 18b/1.8b turbine th . meter 58 :
to other use th :
358 STEAM BALANCE
Equip : . plant
ID No : PARAMETERS unite : instrum. in ouit
. Steamto TG th . meter : 40.26
. of which extraction th 10.74
exhaust th : 2002
oxha lose th 05 :
: 38b/18b letdown valve th 1.848
: feedwater turbopump th : 08 :
: lossss th : 08 :
Total HP steam th : 4311 :
: steam genevated th I metersd>> : : 43.11

\




ELECTRICITY BALANCE

Equip :
ID No : PARAMETERS

unite

. plant
: instrum,

¢ TG power generation
: auxiliaries consumption

: Process plant power domand

¢ Purchased power
: Sold power

kW
kW

kW

kW
kW

in out
16086,
! 4043
2000
707.9




MACRO

Q

[)

cl

wJ
Al

- ait b Macro de convargence

ot de test doe limites
4
4

{calcul)

alt m Macro de calcul dos couts marginaux

137.2804
707.0452

0
33.11068

{let CI,C:value} ~

{let WI,V/N:value} ~

{let WJ, WX:value} ~

{let RI,R:vaiua} ~

{let E,E+1.value}~

{calcul}

{let HPC (C~Cl):value} ~
{lot HPW,WN-WIl:value} ~
{lot HPX,-WX+WJ:value} ~
{let HPR,R-Ri:value} ~

{lot E.F~1:value}~

{let F.F+1.value} ~

{caleul}

{ist MPC,(C~Cl):velus} ~
{iet MPW, WN-WI:value} ~
{lot MPX,-WX+WJ.value} ~
{let MPR,R~RI:value} ~
{let F,F=-1.value} ~

{let G.G+1:value} ~
{calcul}

{let BPC,(C~Cl):value} ~
{let BPW VN-Wi:value} ~
{let BPX,-WX+WJ.value} ~
{let BPR,R-Al:value} ~
{let G,G~1:value}~

{iot H,H+1:value} ~
{calcul}

{let TBPC,(C~Cl):value} ~
{let TBPW,WN-WI(.value} ~
{let TBPX,-WX+WJ:value} ~
{let TBPR,R-RAl:value} ~
{lot H,li=1:value) ~

{let COND,COND+10:value} ~

{calcul)

{let CONDC,(C-CIV10:value) ~
{let CONDW,(WN-WIV10:value} ~
{iet CONDX,(-WX+WJY10:value) ~
{let CONDR,(R-RIV10:value}) ~
{let COND,COND-10:value} ~

{calcul)

Stockage valeur cambustible

Stockage valeur elactricite

Stuckage valeur eau domine

) Sauvegarde
) das valeure

} initialos
+1YhsurlaHP

] Affichage couts
] marginaux de la

) HP
+1 th sur la MP

] Affichage couts
] marginaux de la

| MP
+1thsuriaBP

] Affichage coute
] marginaux de la

] BP
+1theurlaTBP

] Affichage couts
] marginaux de la

] TBP

Retour aux valeurs initiales

O(J\ ‘

{




caloul {lst BPHP 2:value} ~
{lst ECHMAX,ECHAPMAX:value) ~
{to¢ 100,1,3,1,8Q)

toat1 {If adm<admmaxe.1} {branch teatd} ~

{let ECHMAX ECHMAX~(ADM-ADMMAX).valuo} ~

{for 1Q,1,2,1,B8Q) {branch test1} ~

tost2 (i1 BPHP<2.1#OR¥adm>uadmmax-,1} {branch test3) ~
(it BPHP,BPHP-@max({(admmax-adm)*.01,.08).value} ~

{lot BPHP,@max(BPHP,2).value} ~
{branch test1} ~
tost3 {for 1Q,1,3,1,8Q} {RETURN}

BQ {1~ 1Z,1,3,1,62)
{let QE,QC:value)} ~
BZ {lot ZE.ZC valua} ~
. ~— altn Macro de gestion du programme par monu

Macro en cellule AA1630

\n {MENUCALL Menup}
{BRANCH \n}

Equilibrage du bilan vapour
Tost admission GTA

Raoqullibrage du bilan vapeur
Optimisation bipaese GTA/ admission
admiselon non saturde, détente ouvarte

Alfinage do la convergence

Boucles de convargance du bilan vapour

Menup

MAJPA

smonu

MP  {

smenu



ENT
707.2500
770.1187

7478338
74212
736 3.4

Regression Output:

Constanm

Std Err of Y Est

P Sanared

No it Observations
Degraes of Freedom

X Coefficient(s)
8td Err of Coef.

0.583228
0.003104

848.6079

0.281126
0 999905

5

3

O\




Initialica  Solve See result Marginal c Print Save Quit

Initialisatio Convergen Voir les re Caicul des Impressio Sauvegard Fletour en mode READY 123
{HOME} (GOTO}c {GOTO}re {GOTO}c (IMP} {HOME} {QuIT}

{QUIT} {BRANCH {(QUIT}  {BRANCH \m} IFS~R

MENUBRANCH smenut}

Boilers Water Turbogene Turbines Motors Balances Quit

Caracterist Water bala Caracterist Turbines a Moteurs a Bilans vap Retour au menu principal
{GOTO}c {GOTO}w {GCTO}gt (GOTO}tu {GOTO}m {GOTO}bilans~

{QUIT} (QUIT} (QUIT} {QUIT} {QUIT} ({QUIT}

MENUBRANCH smenu2)

Al Quit
Impressio Retour au menu principal

Ippr
A1.Y1200~

'L}
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APPENDIX 3: Regrassion analysis of energy
consumption versus production

Energy usage should be well correlated with production, as
indicated by the results of a well-designed regression analysis.
In such a regression analysis, RCG/Hagler, Bailly, Inc. analyzes
the correlation between energy consumption and the physical
production processes which consitute energy demand. In BUSZESZ,
two types of energy are used, fuel energy consumption in the form
of natural gas, and electricity. The amount of energy consumed
on any given day (dependent variable) should be well correlated
to the production carried out on that day (the independent

variables). Furthermore, because of the non-linearity of energy

consumption to production rate, production processes must be
analyzed on the basis of both a constant term (was the plant
running that day, or not) and a variable term (how much was
produced that day).

In the case of BUSZESZ, there are several production processes
and hence several independent variables. Because of the molasses
heating process and the building heating load, there also needs
to be a correction for weather (ambient temperature). The
independent variables (daily basis) selected for BUSZESZ were:

Alcohol distillery operation (on/off)
Alcohol distillery output (hectoliters)
Pressed yeast plant operation (on/off)
Pressed yeast plant production (100 kg lots)
Dried yeast plant operation (on/off)

Dried y=ast production (kg)

Animal feed plant operation (on/off)
Animal feed plant production (100 kg lots)
Water well pumping (cubic meters)

Steam sales (GJ)

Ambient temperature (difference from 23C)

RCG/Hagler, Bailly, Inc. used daily data during a two-month
sample period (October 1990 and January 1991), selected by
BUSZESZ as typical of recent operation. Compared to our
experience in carrying out similar analyses in other plants in
other countries, the indicator of correlation, r squared, at 0.53
is substantially lower than expected and the constant term at
1164 GJ per day (on the order of fully half of the daily gas
consumption) is substantially higher than expected. The same
situation exists in the case of electricity, with an r squared
of 0.51 and a constant term of 38 MWh per day.

RCG/Nagler, Bailly, Inc.



BUSZESZ YEAST AND ALCOHOL FACTORY - ENERGY AUDIT 66

This analysis indicates that (1) energy consumption is highly
variable for any given level of production, and (2) energy
consumption at BUSZESZ more closely approximates a fixed cost
than a variable cost.

The details of the results of the regression are shown below.

Gas Regression Output:

Constant 1164 GJ/day
Std Err of Y Est 333

R Sqguared 0.53

No. of Observations 62
Degrees of Freedom 51

Electric Regression Output:

Constant 38 Mwh/day
Std Err of Y Est 12
R Squared 0.51
No. of Observations 62
Degrees of Freedom 51

In the short-term, such as on a daily basis, the plant operates
as an "open loop" control system. The vast quantity of data that
is collected is not organized, analyzed and presented to
management on a daily basis. For example, performance ratios
such as energy per unit of production are not developed on a
daily basis, although they could be calculated from the available
meters and data collected. Because management does not have a
good picture of how well the process is running on a daily basis,
management cannot exert short-run control actions which would
improve efficiency. By the time management receives the monthly
report, it is too late to exercise the control function. Thus
the plant runs open-loop against a reference value, the
production target. This open-loop situation is also in use not
only for energy, but also for other important parameters, such
as raw material and generation of scrap or low quality material.
The only parameter which is under closed-loop management control
on a daily basis is production quantity of alcohol and yeast.

RCG/Hagler, Bailly, Inc. believes that the use of the open-loop
system accounts for the increased variability in energy
consumption and the high constant energy consumption observed in
the regression analysis.

RCG/Hagler, Bailly, Inc.



