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EXECUTIVE SUMMARY

1.0 Introduction

This report documents the proceedings of the 1993 Oil Heat Technology

Conference and Workshop, held on March 25-26 at Brookhaven National Laboratory

(BNL), and sponsored by the U.S. Department of Energy - Office of Building
Technologies (DOE-OBT), in cooperation with the Petroleum Marketers Association
of America.

This Conference, which was the seventh held since 1984, is a key technology-

transfer activity supported by the ongoing Combustion Equipment Technology (Oil-

Heat R&D) program at BNL, and is aimed at providing a forum for the exchange of
information among international researchers, engineers, manufacturers, and

marketers of oil-fired space-conditioning equipment. The objectives of the
Conference were to:

i

o Identify and evaluate the state-of-the-art and recommend new initiatives

to satisfy consumer needs cost-effectively, reliably, and safely;

o Foster cooperation among federal and industrial representatives with

the common goal of national security via energy conservation.

The 1993 Oil Technology Conference comprised: (a) four plenary sessions
devoted to presentations and summations by public and private sector

representatives from the United States, and Canada; and, (b) four workshops which

focused on mainstream issues in oil-heating technology.

2.0 Plenary Sessions

The highlights of the plenary session are derived from 12 formal

presentations and one supplemental presentation made in addressing:

o Integrated Oil-Fired Appliances;

o Advanced Controls and Technology Transfer;

o Oil-Heat Venting Technology;

o Fuel-Quality and Combustion Technology.

2.1 Integrated Oil-Fired Appliances

Three presentations were scheduled in the first session, covering the

results from ongoing research, product development and evaluation testing for
integrated appliances.

The first paper, Canadian R&D on Oil-Fired Combustion Systems, describes

research and development presently being conducted on oil-fired space and water

heating systems at the Combustion & Carbonization Research Laboratory (CCRL) in
Ottawa, Canada. (Due to budget constraints the CCRL representative was at the
last minute unable to attend the conference and a statement was read on his

behalf concerning the paper contents.) The paper concentrates on activities

at CCRL to develop suitable oil-fired integrated systems and control strategies

to satisfy the low energy demands of new homes in Eastern Canada, a region which

does not have alternative energy options, and so offers a promising growth market
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for oil. Other topics discussed in the paper include the potential for second

generation retrofit of electrically heated homes and burner performance problems

due to variations in fuel quality.

The second presentation, Residential Cogeneration - The Next Step for the

Oil-Heat Industry, presented a manufacturer's viewpoint on the subject of

integrated oil-fired appliances. Cogeneration is the simultaneous production of

heat and electricity. Thermodynamic considerations dictate economies of scale

for electrical generation; large generators are inherently more efficient.

However, in the 90's, the efficiencies of mass production are overcoming the

efficiencies of scale. Multi-disclplinary system engineering and new patented

technology have combined to make very small cogeneration systems, sized to fit

most single family residences, not only technically feasible but capable of

providing a three to five year payback for the typical household according to the

authors of this paper. The author's system, manufactured by Intelligen Energy

Systems, Westford, Mass., is designed to function as the sole central heating

system. Rated at 85,000 BTU/hour (heating capacity), it operates whenever

thermostats in the home call for heat, and generates 5 kW as long as it runs.

If the household is using less than 5 kW at that moment, the excess power flows

back into the electric grid.

The third paper in this session, presented by BNL, was an Engineering

Evaluation of an Oil-Fired Residential Cogeneration System. This paper presents

the results of an engineering test and analysis of the efficiency and energy-

conservation potential associated with the above residential oil-flred

cogeneration system. The system is designed to burn No. 2 heating oil as a fuel,

which is consumed in an ll-horsepower, two-cylinder, 56.75-cubic-inch, 1850-RPM

diesel engine. The cogenerator produced 4.8 kw of electric power under steady

operating conditions. Its output is nominally 5 kw on a cold start, dropping

somewhat over time as the generator unit comes up to constant operating

conditions and temperatures. The cogenerator has a combined system efficiency

of 92.8 ± 4.4 % including its electrical output, hydronic (hot water output), and

warm-alr output. This represents a new high-end reference mark for the efficien-

cy range of oil-fired residential heating equipment performance. If the warm-air

component is not used at all, the combined efficiency drops to 71.5 ± 1.2 %. The

measured emissions are representative of those expected for a diesel engine of

this size and type. The noise level was within measurement error of noise levels

obtained at BNL for an oil-fired furnace and for an oil-flred boiler during

comparison tests in the BNL Combustion Equipment Testing Laboratory (CETL).

2.2 Advanced Controls and Technology Transfer

The second session included three papers related to working experience in

the field including tests of advanced oil-burner controls and technology transfer
activities.

The first paper in this session was presented by BNL on the Application of

the Flame Quality Indicator (FQI). The FQI has been developed at BNL as part

of a pz_gram to study, generally, advanced control and sensor options for

residential oil burners. During this study optical approaches were found to be

very interesting and the FQI is a simple, first application of the results of

that work. Essentially, the FQI uses a standard CAD (cadmium sulfide sensor)

cell and circuit to convert flame brightness to a voltage signal. The circuit
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provides a red "service required" light when the brightness (voltage signal): in

steady state, changes beyond a limit range. The burner must still be adjusted,

initially, by a qualified serviceman; the FQI simply indicates when something has

changed and the burner should be examined. BNL is presently well along in a

further set of field (and lab) tests in which the behavior of the FQI in a wide

variety of system types is being studied. The primary subject of this paper is

a comparison of the behavior of different system types and a discussion of

further FQI improvements. The U.S. Department of Energy, which has sponsored the

development of the FQI, currently holds a patent and is making licenses available
on a non-exclusive basis.

The second paper is this session, Integration of the Energy Kinetics System

2000 Controller and the BNL Flame Quality Indicator, was presented by the first

manufacturer to apply for a non-exclusive license of the DOE patented FQI

technology. The author states that "the concepts of a Flame Quality Indicator

(FQI) for monitoring oil fired residential heating systems offers the oil

industry an opportunity to further promote the advantages of its equipment and

services to the consumer. In the future, if for efficiency or low emissions

reasons, units operate at low excess air levels, the window of clean operation

may get even tighter and the FQI monitor may be the only way we can insure

reliable operation." The author believes there are real advantages to the FQI

and that it is close to commercialization. As with any development, the author

prefers to continue field testing on a controlled basks before the product is

released for general application.

The last of the papers in this session, How to Increase Public /Industry

Awareness of Oil-Heat Energy Conservation Opportunities, was presented by the

Nova Scotia Department of Natural Resources which has developed a number of

approaches to increase awareness on the part of the public and industry groups

of the opportunities for increased energy efficiency and conservation in housing.

Several of these activities are directed specifically at the residential heating

industry. The presentation described efforts to increase the use of efficiency

testing through industry training, public information and a shared purchase of

efficiency test equipment. The effect of recent code developments pertaining to

combustion efficiency testing and the revisions to the venting codes was also
discussed.

2.3 0il-Heat Vept%ng TeGhDology

The first session on the second day included two presentations based on the

BNL Oil-Heat Venting Technology Project.

Recent issues in the industry with respect to the growing popularity of side

wall venting, the provision of combustion air in today's tighter energy efficient

homes, and the retrofit of new high efficiency heating equipment into existing

venting systems were outlined in the first paper, Oil-Heat Venting Guidelines -

Vent Materials and Corrosion. This paper presented a brief overview of research

work conducted in the application of metallic materials in oil-fired heating

systems. The mechanism of sulfuric acid formation and the issue of surface

corrosion of oil-fired heat exchangers were both discussed in terms of the impli-

cations of acid carried over into the vent system. The results of experiments

studying vent wall temperature profiles were presented and discussed addressing

the implications of water and acid dew point. A brief review of related research
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in metal corrosion rates in heat exchangers was presented and extended to the

development of a proposed method of analyzing vent material loss through

corrosion as a function of exposure time and temperature. The method was applied

to actual laboratory tlme/temperature history test data for a vent system and the

results were presented and discussed. A brief summary of the findings to date

resulting from BNL research to be included in the Guideline document are:

I) Acid and water dew points are a source of concern for vent

materials (and heat exchangers) in the operational environments

presented by oil-fired equipment. The Sulfuric acid dew point for

No.2 fuel oil lies between 225 and 240 F. Surfaces below these

temperatures will permit acid condensation and possible corrosion.

Flue gas-slde surface temperatures below the acid dew point are

prevalent in most modern oil-fired appliances and vent systems.

2) Vent wall temperatures are substantially less than centerline

flue-gas temperatures. As shown, in the laboratory and extended to

field use, a crude approximation of the vent wall temperature may be

calculated as the average of the centerline flue-gas temperature and

the loca_ ambient temperat,lre.

3) Downslzing of short vent connectors by reducing diameter, within

the limits set by the appliance input rate, has marginal benefit in

terms of increasing vent wall temperature and reducing the quantity of

acid condensation. Reducing heat flow through the vent wall is more

effective.

4) For each element in a given vent system there is a fixed period of

time where that element is below the water and/or acid dew point

during the burner "on" time. The amount of acid condensed and the
amount of corrosion within each element is a direct function of the

number of cycles the equipment experiences during its lifetime of

operation. A reduction of the total nt_ber of lifetime cycles,

through the use of low output appliances, variable firing rate, or

thermal storage will extend the llfe of appliances and reduce
maintenance needs.

5) In all cases, after any draft control device, reduction of heat

flow through the vent wall is essential to maintain the vent wall

above the acid dew point.

The second paper in this session provided An Overview of the BNL Oil Heat

Vent Analysis Program (OHVAP). OHVAP is being developed in response to oil heat

industry needs in vent system analysis and is designed for desk-top PC (DOS)

computers. The rationale for the development of a vent system analysis tool for

the oil heat industry was discussed in terms of the need for properly sizing both

chimney and advanced venting systems for mid- and high-efflciency oil-flred

appliances. There are unique requirements for the venting of oil-fired

appliances and the features that OHVAP will contain to meet these requirements

were described. The Input Menu and Engineering program operation were described

in some detail. The Input Menu was described in terms of the input sequence and

flexibility of system representation for the analysis. The Engineering program

description contains the basic theory behind the computational approach and a
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detailed step-by-step description of the program operation as it is carried out

to obtain a solution. The current configuration of the OHVAP output is a data

file format and a description of the data arrangement was presented. The program

is being validated and the current status at this stage of development was

discussed. As a result of the validation process some changes have already been

implemented and some features remain under development. These were discussed

along with future plans for OHVAP and its application.

2.4 Fuel Ouality.and Combustion Technology

The last technical session on fuel quality and combustion technology

included three presentations and one supplemental presentation.

The first paper presented by BNL presented research results related to Fuel

Quality Effects on Home Heating Systems. Good fuel quality directly relates to

better performance and more efficient operation of residential heating equipment.

Brookhaven National Laboratory (BNL) has investigated the effects of fuel quality

parameters on heating equipment and has developed countermeasures to ensure that

quality is maintained. In order to disseminate this information and promote the

concept of fuel quality on a practical level, a set of guidelines has been

developed specifically for service managers to use. The highlights of the

research work and the ideas developed in the set of guidelines are presented in

this paper. Two major factors influence the overall level of distillate fuel

quality, the nature of the fuel itself and the conditions in which the fuel is

stored. The characteristics of the fuel are generally defined in terms of

standards (such as ASTM or state and local fuel quality requirements). As part

of the current BNL studies, experiments were conducted to evaluate the adequacy

of these standards in terms of heating equipment performance and emissions, and

to determine the limits of acceptable fuel properties. The potential benefits

that can be gained with the use of low-sulfur fuel in heating equipment has also

been evaluated. The storage condition is perhaps the most important of the

factors that ultimately affects fuel quality. Much of the perceived fuel related

problems such as clogged filters and nozzles are caused by contamination.

Minimizing and preventing reoccurring problems require an understanding of what

to look for, how to evaluate it, and what to do next. The guidelines developed

by BNL, "Maintenance and Storage of Fuel Oil for Residential Heating Systems"

(BNL Report No. 48406), provides a reference to resources available and serves

as a start to understanding and attacking this issue.

Residential Fuel Quality Study, a supplemental paper on this topic was

presented by a fuel-oil marketer who has started to apply the information in the

BNL guidelines as mentioned above. The presentation indicated that much study

had been done on fuel degradation, biological growth and other mechanisms for

bottom sediment formation, and that Brookhaven had developed a very good guide

on the storage of fuel oil. Future work should apply the findings of this

research to the particular conditions found in customers' fuel systems and should

identify practical cost-effectlve solutions. Solving problems llke this suggests

some exciting possibilities for cooperation between fuel dealers and Brookhaven

National Laboratory. This type of study can serve as a model. Dealers have the

resources to try new products and techniques and the computer systems to collect

data and track results. As an active arm of the laboratory R&D effort, they

would be able to produce real results in a cost-effective manner. Some might say

that the oil-heat industry is too busy, overworked, and too competitive to afford



the time for such research. The fact is that the industry finds the time to

change thousands of sedlment-clogged filters and nozzles every year. "The

alligators are living in the bottom of our customers' tanks. We need to stop

embarrassing ourselves by wrestling the alligators in front of our customers and

start draining the swamp."

The next paper on Fouling of Oil-Fired Boilers and Furnaces, which leads to

reduced efficiency and increased service requirements, presented BNL's findings

on how to eliminate or limit "soot" formation in heat exchangers. The average

level of annual efficiency reduction due to fouling is _enerally taken as 2% per

year. BNL is currently studying causes of soot fouling for the purpose of

identifying practical methods of minimizing these deposits. Factors which

control the fouling rate include the fuel sulfur level, the burner excess air

(controls the SO2/SO 3 ratio), and the surface temperature which affects the acid

condensation rate. If the surface is above the acid dew-point (about 220 F)

corrosion occurs only by attack from the gas phase. If the surface is below the

acid dew-polnt but above the water dew-point (about 120 F) corrosion occurs by
the direct condensation of sulfuric acid on the surface. This is the normal

situation in heating boilers, If the surface is cooled below the water dew-polnt

corrosion rates are greatly increased. This paper reports on studies of fouling

rates with cast-iron boiler surfaces, steel boiler surfaces, and furnace

surfaces. Effects of the sulfur level in #2 oil, excess air, and temperature

trends during the burner-on period are discussed.

An Assessment of Fuel Oil Heaters and how they affect oil-burner performance

in both steady and cyclic operation was the topic of the next to last paper. The

viscosity of No. 2 fuel oil affects heating equipment performance and varies as

a function of fuel temperature. The nominal viscosity of No. 2 heating oil can

range between 1.9 and 3.4 cSt (at 104 F) as specified by the ASTM. When fuel

temperature decreases, such as during the winter season, the viscosity can

increase substantially and poor atomization can occur. Methods to heat the fuel

are sometimes used to maintain the viscosity to within the acceptable operating

range. Nozzle llne heaters are available commercially and can be ,,sed for

preheating the fuel before it is atomized. These are designed as retrofit

devices and, in some cases, as original equipment in a new burner. This paper
described work done at BNL to assess the benefits of such devices and other

heating methods. Experiments were conducted using fuels with temperatures

ranging from 40 to 120 F. A home heating system or fuel supply which is stored
in an unheated basement or outdoors can become as cold as 40 F and lower. In

such cases, improved burner operation can be achieved if the oil is preheated.

The maximum temperature may be practically set to the level when nozzle afterdrip

starts to occur. If the temperature is too high fuel oll can drip out of the

nozzle assembly when the burner is off during cyclic operation. This is caused

by the expansion and vaporization of hoe oil at the nozzle tip.

Conclusions:

e Nozzle and fuel line heating devices used to preheat "cold" oil can

maintain consistent viscosity of the fuel to within an acceptable range,

improve atomization and reduce nozzle fuel flow rate.

• These heaters are most effective during the first two minutes of burner

operation. The combined effects of improved atomization and reduced fuel

-xii--



flow rate (with relative increase in excess air) during this period leads
to reduced transient smoke.

• The benefits from the use of the nozzle heaters are evident when the

burners are set for very low excess air levels. Under these conditions

fouling rates are reduced over long term use.

• In a one pipe system, the recirculation of oil within the pump housing is

fairly effective in warming "cold" fuel oil. However, the rate and extent

of heating is inadequate during the start-up period when it is most needed.

Adding an external de-aerator does not provide more heat.

• The potential efficiency gain with the use of nozzle heaters is estimated

to be 2.5%. Achieving this gain requires that service personnel set excess
air to lower levels with the addition of a nozzle heater.

The last technical paper presented at the 1993 conference was a BNL

presentation on Advanced Air-Atomlzed Burners. Domestic oil burner designs in

the U.S.A. have long been limited by the relatively low cost of oil so that the

high initial cost of advanced technology to provide efficiency gains was hard to

justify. Another limitation has been caused by the lack of reliability of the

conventional pressure-atomized nozzles used at rates below 0.60 gph oil input.

Although the typical heating load of many homes today ranges from 0.25 to 0.60
I

gph, these homes are usually fired at inputs of 0.75 to 1.00 gph or higher. Work

at BNL during 1990 and 1991 identified and demonstrated the possible feasibility

of an air-atomizing nozzle that uses relatively higher air volume but at much

lower pressure than other air atomizers. This allows the use of a blower to

provide both atomizing and combustion air, eliminating the need for an air

compressor. The paper's co-author was Mr. Leonard Fisher, a BNL consultant and

an expert in oil burners. He advised BNL of the strong potential of this new

concept, not because the burner would cost less, but becuase it could be

justified when all its assets are considered:

o Low input range with reliability

o Low excess air ( High CO2 )
o Low NOx

o Low CO

o Low SO3, hence low H2SO4 effluent

o Small, intense flame

o Insensitivity to draft

o Less sensitive to fuel properties

More recent studies at BNL have shown that both corrosion of and soot

deposition on the heat exchanger are reduced by low excess air (high CO 2)

operation. So the ability to operate reliably at low excess air allows both

higher initial and longer sustained efficiency as well as fewer cleanup

servicings. During its fiscal year of 1992 (Oct-Sep) the BNL staff with some

guidance from Mr. Fisher as a consultant undertook this project of demonstrating

the feasibility of such a burner through iterative ("cut and try") design, test,

data analysis and redesign, using a high pressure blower and the special air

atomizer with No.2 fuel oil. Overall, the performance met the proposed

objectives as follows:
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o Firing Rate Range 0.30 gph to 0.60 gph

o Zero smoke at 5% excess air (1% 02)
o Below 50 ppm NOx

o Below 30 ppm CO

o Burning intensity over 5xlOs Btu/ft^3 hr

o Insensitive to large draft variations

3.0 Workshop Sessions

The conference attendees were divided into four groups addressing specific

subjects:

A. New Oil-Burner Developments and Related Industry Issues on the Horizon

B. Guidelines for Oil-Appllance Venting - Industry Review and Consensus
Actions

C. Fuels, Fuel Quality, and Storage - Part Three - Industry Actions

D. Oil-Heat Technology Transfer

A brief summation of the conclusions and recommendations for each workshop

group follows:

GROUP A. New Oil-Burner Developments and Related Industry Issues on the
Horizon

The workshop was attended by about 35 people, representing marketers,

manufacturers as well as some people involved with technology development.

Discussions were focused on problems with existing equipment and activities BNL

might undertake to serve current and future needs of the industry.

The major concern raised with current equipment was the service and

reliability issues related to fuel quality. In considering advanced burners BNL

should put an emphasis on ability to handle poor quality fuel without the need
for excessive filtration. One of the participants stated that this was one of

the reasons he was so enthusiastic about the Babington burner which had been
demonstrated at an earlier conference at BNL.

Another area of concern raised was an apparent decline in the reliability

of both ignition transformers and controls. Newer components are much less

reliable than older designs.

The group had considerable discussions about advanced control options. The

BNL Flame Quality Indicator was seen as a very positive first step. In

addition, however, the group would like to see sensors which will shut down the
burner or provide a warning when a severe sooting situation has occurred. The

FQI should call for service when a burner is starting to produce an excessive

amount of soot but future controls should also look for a fouled heat exchanger

problem. Sooting of homes is unacceptable and the industry must totally

eliminate the possibility of this occurrence.

In deciding upon the output options for the FQI some concerns were raised
about alarming the homeowners unnecessarily. An audible alarm might lead to a

call to the local fire department.
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In advanced burners a wide "window" of excess air levels for acceptable

operation is seen as very desirable. It seems likely that in the future this

window will generally be moving toward higher CO 2 levels (reduced excess air).

Generally BNL should pay more attention to NOx in the future. Some of the

participants said that we should start by knowing more about NOx with existing

equipment - what affects it and how might it be reduced. For example, the
effects of the combustion chamber environment should be studied.

One participant raised the suggestion that the U.S. industry _hould pay more

attention to the European ISO standards. These standards must be met for U.S.

products (such as the FQI) to be marketed in Europe and elsewhere. BNL or some

other group might aid exports by assisting U.S. oll heat companies in understand-

ing these requirements.

GROUP B. Guidelines for Oil-Appllance Venting - Industry Review and
Consensus Action

The first topic of discussion was the Venting Guidelines. The participants

were quickly brought up to date on the current status of this work. The group

then started going down the llst of suggested questions from the conference

program.

The first question: Are vent/chimney inspections commonly performed during

equipment service calls? Was answered with: Is there a protocol for inspecting

vent systems or should there be one? There is a code already in place in Canada.

The Installation Code for Oil Burning Equipment (CSA B139 M91) requires chimney

inspections, and regulates such variables as sizing, entrance and exit

temperatures, clearances, appliance types, etc. Another question was then asked.

Whose responsibility is the inspection? The county building inspecuor, or the

service company? And how do you rate the inspector? There was no agreement or
consensus on the answer.

The tools that are needed to inspect a chimney/vent system were also talked

about. Miniature video cameras were a common though expensive option. Others

said that they had a chimney sweep company come in and perform the inspection.

A problem with both of these techniques was that they are only visual

inspections. There was no way to properly evaluate the structural strength of

the system, short of seeing obvious holes in the chimney.

Discussion then turned to the next question. What is the field experience

regarding corrosion in the field? The L-vent installed in the field was mostly

"rotten" through and through. PLEXVENT, the plastic vent pipe used in gas

applications was failing with longitudinal cracks forming in straight sections

and was in the process of being re-evaluated by Underwriters Laboratories. The

temperatures provided by mid-efficlency equipment were apparently too high for

the plastic. Soot and acid carryover were also talked about, Even in condensing

systems soot and acid will pass through the heat exchanger. Along the same lines

the question of flue fires was brought up. It seems that in older equipment

there was a tendency to carry combustibles (soot and/or unburned fuel) out of the

appliance and into the vent. If a restart was initiated with liquid fuel in the

system or if the flue-gas exit temperature within the system then became too

high, it was possible for vent system deposits to start burning.
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The third topic was how well masonry chimneys performed for oil appliances.

The general consensus was that too much heat was lost in the vent connector,

either to the surroundings or through dilution, for older chimneys to work well.

Most chimneys, it was felt, should be relined for the newer equipment. Next to

inadequate draft, acid condensation was the biggest problem reported. The

statement was made that chimney tile liners are supposed to be assembled using

an acid resistant mortar. It was generally believed that this was not actually

done. Instead, the acid would condense out of the flue gas within the liner and

find its way out to the brick work and eventually destroy the chimney. According

to the experience of one of the participants, chimneys located on the north side

of the house were the worst, while those located on the south side were

"generally OK".

The fourth question regarding what materials should be used to insulate the
vent connector was never addressed. Instead this discussion centered on the

contradictions between the manufacturer's instructions and the many regulating

codes. This was an area where it was felt that BNL would probably do the most

good; developing a document that would summarize and organize the various codes

that apply.

The lasu question about the Guidelines involved what additional avenues

should be used to perform an adequate review. There was general agreement that

the equipment manufacturers should definitely review the document. IBR and

ASHRAE (TC 3.7) were also mentioned as good forums for review.

The meeting then talked about the Oil Heat Vent Analysis Program (OHVAP).

Before the questions from the agenda were even read, someone asked if OHVAP would

handle house and outdoor pressure fluctuations. It doesn't, in its present form

but further enhancement of the program should be considered. OHVAP, in its

present form, is a program that is designed to model the independent behavior of

the venting system under temperature and flow from an oil-fired appliance. Other

effects due to appliance design characteristics or building de-pressurization

are, at present, not included. One feature that people did want to see was the

ability to have multiple appliances exhausting into one flue. While not

currently implemented, if time constraints allow, this feature should be added.

When the question came up about how the program wouldbe used by the

industry, the answer was rather surprising; it wouldn't. It was believed that

the venting tables produced from the program's output would be widely used

instead. In keeping with this position, everyone was in agreement in stating

that the program didn't need graphical output, tabular results would be

sufficient. When asked for the types of tables that should be given priority,

masonry chimneys topped the list. Relined chimneys came in second, with power

vent systems being a distant third.

The workshop was brought to a close. A summary was prepared and presented

to the attendees at the closing of the general session.
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GROUP C. Fuels, Fuel Quality, and Storage - Part Three - Industry Actions

A total of 26 members attended this workshop session; they consisted of fuel

oil distributors, additive marketers, reflneryR&Dresearchers, heating equipment

manufacturers, members of associations for petroleum marketers, tank cleaning/

fuel quality service representative, and a trade Journal reporter.

The chairman began the session by asking whether anyone has experienced fuel

quality related problems, and if so, whether they have determined the extent of
these problems. There is a general awareness and concern that poor quality oil
affects their business, i.e. the number of service calls, and customer perception

of oil heat. However, little has been done to maintain records of the occurrence

of fuel quality problems (i.e. filter changes) with respect to delivery of oil
to their customers. The biggest problem affecting efficient operation of heating

equipment is related to sludge and water buildup. Many servicemen acknowledge

that poor handling of fuel could lead to contaminated fuel, but some were
concerned that the fuel received from various suppliers is not of "good" quality.

The participants discussed ways of how they dealt with sludge, i.e. tank
cleaning, use of chemical additives, change in oil delivery practices so that

tank bottom residue would not be stirred up during delivery, but all had varied

success. In many situations, what worked for one company may not have worked for
another.

Clearly, all the members agreed that the mechanisms of fuel degradation and

sludge buildup must be better understood. A treatment (or a series of
treatments) could then be applied to prevent or slow fuel breakdown processes.

The key to success of any treatment program is to isolate possible sources to the

sludge problem.

The chairman initiated a discussion on stability of fuel. One of his

concerns was the possibility that copper in the fuel delivery lines could be

acting as a catalyst to accelerate the fuel oxidation process. Copper in
solution has been known to function in this matter, although it is unclear in

this case whether it is the leading factor causing fuel breakdown. The chairman

brought in two oil samples showing the results of a small test he had previously

conducted at his company. One sample contained fuel oil only, the other

contained a piece of copper tubing immersed in the oil. The point of the

discussion was that after several days the oil with the copper tubing turned a

deep amber color while the control sample remained light in color. Could this
be an indication of fuel breakdown after such a short time? and if this is the

case, what are the consequences since all piping in a heating system is made of

copper? Further research needs to be done to understand the catalytic effects

of copper and other oxidation mechanisms.

The industry has expressed a great deal of interest in further research

related to fuel degradation. Several members have agreed to participate in any
field studies which may develop in order to provide a statistical basis for the
data.

Representatives from refinery research divisions participated in this

workshop and were able to provide a different perspective. Their comments

indicated that at the refinery level they were unaware of the extent of fuel
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quality related problems confronted by the oil heat industry. They were

interested in keeping abreast of any further developments in this field of study.

GROUP D. Oil-Heat Technology Transfer - Industry Role and Future Support
Actions

I. How can the industry support, assist, and contribute to the
commercialization of new high efficiency concepts (such as the FQI or the

new BNL Fan-Atomized Oil-Burner) as products available in the marketplace?

a) The oil-heat industry can best support, assess and contribute to the
commercialization of new ideas and products by encouraging Brookhaven to

participate in t_ade shows, industry meetings and industry related

programs. Brookhaven must take the show on the road to provide the
necessary credibility to new products.

b) Equipment development is driven by market demand. Oil dealers must sell

the flame quality indicator and similar developments to the consumer.

c) More knowledge and background information is needed on new products from

Brookhaven and other research groups. Many products never reach the

market place because the dealer has little knowledge on a new product

and is often not sold on its capabilities.

2. How can the marketing industry help DOE in promoting the introduction of
new hlgh-efficiency technologies currently under development?

a) Tax rebates are good incentives to promote new technologies.

b) Oil dealer education programs for their customers are important,

c) In many cases, two-step programs are necessary:

i) General information to overcome misconceptions about oil heat; and

ii) Information on new oil heat advances.

3. BNL is about to complete the Oil-Heat Efficiency training manual. Which

industry organizations should be considered to support continuation of the
manual once BNL and DOE have completed the initial version? How should the

manual be promoted and by who?

The National Oil Heat Service Managers Association is one logical industry

organization to support the manual and sponsor the combination of training
seminars. Whoever obtains the rights to the Petroleum Marketers Education
Foundation (PMEF) Oil-Heat Technician's Manual and other PMEF assets would

be another logical choice.

4. How should the seminars be organized and supported?

The seminars should be structured in modules and delivered in one day

seminars. These should be arranged in a scheduled manner to ensure their
success.
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5. How frequently should the information be reviewed and who should be

responsible to update it?

The training material should be reviewed on an annual basis and appropriate
addenda included as required. This procedure could be administered by the

Service Managers Association.

6. Will the manual need to be supported with other materials other than
workbooks and slides?

In addition to the planned workbooks and slides presently being prepared,

the program should be also supported by videos which can quite easily be

developed from slide presentations.

4.0 DOE/BNL Perspective

The 1993 Oil Technology Conference brought into focus the realities of the

marketplace and the role that federal sponsors and researchers can fill in

promoting energy conservation consistent with the public benefit while
recognizing the competitive nature of a free enterprise.

From a technical perspective, BNL has taken fundamental approaches to

identifying and characterizing combustion phenomena which influence the
performance efficiency of oil-fired space-condltioning equipment. The controlled

interrelationships of fuel atomization, combustion, soot abatement, and venting

are conveyed to designers and manufacturers with the mutual understanding that

their adoption may be constrained by market acceptance factors which may
transcend technical considerations.

BNL again announced the continuing availability of a unique, sophisticated
facility to the industry. The facility provides a controlled laboratory

environment, support instrumentation, and data acquisition/analysis for

development, testing, and evaluation of novel components, subsystems, and

systems.

The arrangements for access encourage technical interaction with BNL

scientists and engineers and recognize the user's proprietary constraints by
providing access on a full cost-recovery basis.

The DOE/BNL perspective is one of lending support to the industry by making

available its intellectual and fa :ilities resources while serving as an objective

evaluator of private industrial accomplishments. This support is critical to the

enhancement of technology development and transfer, to the mutual benefit of the
industry and the oil consumer.

- xix -



I. INTRODUCTION

The 1993 Oil Heat Technology Conference and Workshop was held on March

25-26 at Brookhaven National Laboratory (BNL) under sponsorship by the U.S.

Department of Energy - Office of Building Technologies (DOE-OBT). The meeting

was held in cooperation with the Petroleum Marketers Association of America

(PMAA). One hundred and fifty people were registered and participated at the
conference.

The 1993 Oil Heat Technology Conference, which has been the seventh held

since 1984, is a key technology transfer activity supported by the ongoing

Combustion Equipment Technology program at BNL. The reason for the conference

is to provide a forum for the exchange of information and perspectives among

international researchers, engineers, manufacturers and marketers of oil-fired

space-conditlonlng equipment. They have provided a channel by which information

and ideas are exchanged to examine present technologies, as well as helping to

develop the future course for oll heating advancement. They have also served as

a stage for unifying government representatives, researchers, fuel oll marketers,

and other members of the oil-heat industry in addressing technology advancements

in this important energy use sector. The specific objectives of the Conference
are to:

o Identify and evaluate the current state-of-the-art and recommend new

initiatives for satisfying consumer needs cosE-effectively, reliably, and

safely;

o Foster cooperative interactions among federal and industrial representa-

tives in accordance with the common goal of national security via energy
conservation.

Special Addresses

Introductory remarks were provided by Leon Petrakls, Chairman of the Depart-

ment of applied Science, who welcomed the assembly on behalf of Brookhaven

National Laboratory. Dr. Petrakls emphasized BNL's commitment of advancing oil

heat technology and to effect technology transfer to the private sector. Dr.

Petrakls concluded his address with the introduction of the Conference Keynote

Speaker, John P. Millhone, Deputy Assistant Secretary of Energy for the Office

of Building Technologies. John Huber, Heating Fuels Counsel for the Petroleum

Marketers Association ofAmerlca (PMAA), then welcomed the participants on behalf

of PMAA. The Master of Ceremonies for the 1993 Oil-Heat Technology Conference,

the current PMAA Heating Fuels Committee Chairman, Douglas Woosnam was then

introduced. Prior to starting the technical presentations, Mr. Woosnam presented

his thoughts on "Oil-Heat Technology - Marketer Perspective." The text all of

these special addresses follows.
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OPENING REMARKS - WELCOME AND INTRODUCTION

TO THE 1993 OIL HEAT TECHNOLOGY CONFERENCE & WORKSHOP

Dr. Leon Petrakis, Chairman

Department of Applied Science

It is a great pleasure to welcome you again to Brookhaven National

Laboratory. BNL is a multl-program, multl-purpose national laboratory. It has

activities both in basic sciences and, also, in applied programs and the

Department of Applied Science is playing a key role, we llke to think, in these

kind of Joint activities. During the last few years we heard a great deal about
cooperation between government and industry in trying to take advantage of the

science and technology that is being developed at the national laboratories so

that the competitive advantage can be given to American industry.

I would like to share with you the mission of the Department of Applied

Science that was written four years ago when I first came to BNL and I especially
want to draw your attention to the second part of that mission statement. "We are

committed to excellent science and technology, but also we want to transfer the

useful results and the knowledge gained from our studies to the scientific
community and to the commercial and industrial sectors." I wrote that statement

for the department when I first came here long before it became fashionable to

speak about such issues. So our commitment is true and in the Oil-Heat

Technology area, I think there is one of the prime examples, if not the prime

example, that would be used as a paradigm as to what the partnership that we are

talking about between government laboratories and industry, should be.

The flame retention head burner demonstrated at Brookhaven and distributed

and utilized through private industry to some 6 million households to date is one

terrific example that needs, I think, to be emulated much more broadly. To date,

almsot half a quad of oil savings has been effected through the utilization of
that single development.

As we are debating, the deficit and the means by which that can be ad-

dressed, energy again, has been put at the epicenter. Oil has been singled out

as a possible additional resource of funding for meeting the deficit. But this

morning I am sure that you are all aware an amendment was suggested by Senator

Kennedy and the extra charge above the Btu tax that was geared specifically for
oil has been sidetracked.

We are talking about a very important issue, oil-heat, throughout the nation

but especially in the Northeast. Brookhaven is pleased and proud to contribute

and we will hope to continue to contribute in this vital area. Hopefully Deputy
Assistant Secretary - John Millhone, who will follow me very shortly here, will

have I hope some good news about that.

The activities of the department in this area are quite broad - there are

some extremely interesting developments and you will hear about them in the

next day and one-half, but an equally important activity of this workshop is the

fact that you and we are getting together and we are very much interested in your
inputs. Those of you who come from industry know much better than we do what are
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the real problems, what are the real needs, where can our resource be most

useful. So, indeed, we want to continue this partnership. We solicit and we
value your inputs and I hope in the years to come we will continue working in
this area.

Last year there was a very interesting development that I would like to

share with you. The very prestigious IR I00 Award was given to the Laboratory
in recognition of a very interesting development. Namely, the Flame Quality

Indicator (FQI) that was developed here at Brookhaven. The award consisted of

a very nice national recognition that was made at Chicago and a plaque. None of

these developments would have been possible without the wisdom and the foresight

of the Office of Conservation and Renewables, specifically the Buildings Program
at DOE. Personally, I want to take this opportunity and thank John Millhone and

his staff - Esher Kweller who is here - and some of the other people, Ted Kapus,

John Ryan, and others who are not here for staying with this program and

expressing their belief that it is something very important. So, at this stage,

I would like to ask John Millhone and Esher Kweller to come up to the stage. We

have copies of the plaque that Brookhaven was given and we would like to have
them take them back to Washington in recognition of their significant
contributions.

i

Indeed, we are very pleased that the representatives from the Department of
Energy are here to see the evidence of this very close interaction because, quite

frankly, if we do an excellent experiment, scientific or technological

experiment, and we publish it in a Journal, that is wonderful, but that is not

good enough. We need to get the technology out where it can be used by private

industry as they see best fit. So, at this stage, we would like to ask John

Millhone to make some remarks to this gathering here.

John Millhone is the Deputy Assistant Secretary for the Office of Building

Technologies, within the Office of Conservation and Renewables. He has a long

experience in matters of energy efficiency and conservation, an area we think is

becoming paramount because as the energy intensity of the economy is lowered, the

productivity and the Jobs creating ability of the economy are decreased. So, we

would like to think that energy conservation is at the forefront of this effort

to make things better. John has a very interesting and diverse background -
federal, state, and private experiences. He has had trade experience in

Journalism, which has been an added tool in his being a very articulate and
passionate speaker on behalf of Conservation. ,John, we are very pleased that you

are hear and we look forward to your remarks.



John Millhone

Deputy Assistant Secretary
Office of Building Technologies

Office of Conservation and Renewable Energy

U. S. Department of Energy

1993 OIL HEAT TECHNOLOGY CONFERENCE & WORKSHOP

It is good to be here with a number of people that I have not seen for some

time. One thing that I am noticing is that there is sort of a different group

within the oil marketing association. I was head of the Minnesota Energy Agency

and the Iowa Energy Policy Group in the 1970's, and back at that time I was

Chairman of a Fuel Oil Marketing Advisory Committee. This was before I came to

the Department of Energy and we had a number of interactions then. This was when
there had been price controls and the marketing advisory committee was named to

try to figure out if there were any violations of the price controls, and if

there were, where did they take place, where within the fuel oil industry. It

was a fascinating Job. I found out at that time, that when you talk about the
oil industry that it is not the monolithic combination that those on the outside

perceive and ever since then I have had a special interest in the Brookhaven

program and have had, I think, a lot of recognition of the significant advances

that have been made in the oil-heat technology through Brookhaven and, also, a

good recognition of the very significant contribution that oil-heat marketers

have made over the years in terms of improved efficiency. Every time when we

have had an issue at the Department of Energy where I have come to your industry
and asked for some support we have had very good support. I remember when there

were anticipated oil shortages and we talked about what might be done in that

situation a few years back (the Gulf War crisis). So it is good to be back with

you again.

We are now going through a very challenging period at the DOE with

transitions. Transitions are always challenging. There is a story about the

transition team walking through the DOE that you may find insightful. This was

a transition team within the DOE, fortunately they were not in my part of the

department, but they asked someone, "Tell me what is it that you do around here?"

And the person said, "Well, I used to ....well really I am not doing anything

right now." The transition team did not say anything, walked around the corner

and talked to someone else and said, "Tell me, what do you do at Dhe DOE?" And

it was sort of the same answer, "Well i have been...but that program was
cancelled and I expect to be...but right now I am not doing anythlng." And the

transition team said, "Ah, ah, duplicatlon1"

What I am going to do is say a little bit about some of the changes that are

taking part at the DOE right now and some of the national policy approaches. I

want to say something about how I see these things affecting the oil-heat

industry and then I am going to make some suggestions about how I think we might

work together more effectively in the future. Some of the suggestions for how
we might deal with this mix. You might say that this is sort of the good, the
bad, and the beautiful.

The good thing at the DOE, and nationally, I think is, that at least from

our perspective, from the perspective of the energy efficiency side of things,
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energy efficiency is going to be getting more attention, more priority than it

has in the past. This, I think, is apparent from the statements that have been

made by President Clinton, Vice President Gore, and Secretary O'Leary. Also, I

think it is significant in terms of the Energy Policy Act of 1992 that was passed

in the closing days of the Congress which has major additional responsibilities,

not only in the regulatory area, in the outreach area and in the research area,

as far as energy efficient technologies are concerned. Some 50 different

sections of that l_glslation that Just affect my part of energy efficiency in

buildings and federal energy use itself. So, we are struggling to put together

the plans for the implementation of that. Very much more aggressive national

effort in the area of energy efficiency. I think that is a key theme that will

be played throughout the department. The reason that I am mentioning some of

these themes is that I think that there are some challenges that will be facing

the oil-heat industry and what I will be getting at is how can the oil-heat

industry recognize these themes, respond to them in a way that is beneficial, not

only to the oil-heat industry, but also to the nation as a whole. So, the higher

priority that is going to energy efficiency in general is important and that is

driven significantly by environmental considerations associated with the use of

energy. That is why looking at the (BNL Oil-Heat Research) lab I was impressed

by how much of the work there is looking at some of the efforts to reduce the

emissions and seeing that theme being repeated because I think that is critical.

There is also significant dollar benefits here. The Energy Policy Act says

the goal ought to be to reduce the energy use 30% by the year 2010, compared to

what it otherwise would be. If we are looking at the Building Sector, for

example, that would mean a saving in 2010, if we meet that goal, of $75 billion

and that is a lot of money and converts into a lot of freed spending that couls

go into other economic areas and create other Jobs as well. So, there is a major
thrust in this area.

A second theme, I think, comes out of the legislative and the environment

and that is a mix of strategies that will be used to accomplish this objective.

Now, one strategy will be to increased attention to regulations, more attention

is being given to regulations and energy efficiency and in equipment and in

buildings than had been true before. One of the key provisions of the

legislation directs all states to certify that they have standards for the

construction of new residential and commercial buildings that are equal to or
exceed the CABO standard for residences and the ASHRAE standard for commercial

buildings. So, there is a greater emphasis on standards. DOE will be supporting

some of the state activities. One of the provisions deals with home energy

heating rating systems, setting up a national program for rating the efficiency

of homes. One provision deals with energy efficient mortgages so that you can

get a higher debt income ratio for an energy efficient home on the basis of being

able to spend more for the home if your energy costs are less. There is more

emphasis on research in certain areas. I think that what we are seeing out of

this is a mix of a little bit more aggressive regulation, trying to embody some

incentive-type programs and, also, research. I think this mix of strategy is

good for accomplishing these energy efficiency goals and seeing how you might

identify what those changes are and how you can fit into them is a key item.

A third component, I think, is the strong emphasis on state programs and

regional programs which had not been as significant as in the past. In part, I



think this is because you have in President Clinton not only a former Governor

but a former Chairman of the National Governor's Association. You also, I think,

in area after area where the statements are being made about how to implement

programs, references are made to the key role of the states, The first group

that the President met with were the former governors, The governors clearly

will have a big role with the new administration and, I think, as part of that

additional attention to the role that regions might have. One of the provisions

in the new legislation that I think is particularly important in this area and

in other areas is the provision that will create ten regional technology

transfers in lighting and building technologies. One of the things that we will

be doing in my 6fflce is figuring how this can be done to make those regional

centers as effective as possible in transmitting energy research results into

people who can use them. In a sense I think that what is happening here is a

good prototype of how this can work. I want to mention this a little bit later
on,

Another theme that is very important, is increased emphasis on making the

national laboratories the mechanisms for job creation and economic infrastructure

advances. One way of describing this is that because we don't have the same

defense needs and military obligation concerns that we have had, now we are able

to downslze some of the defense activities and use some of that expertise in

other areas where they can make a contribution. Clearly the need to deal with

the modernization of the infrastructure and more aggressive and effective

economic development is a good potential use for that talent. So, that is the

theme that is taking place at the present time as well.

I think that these are the principal themes that I am seeing that affect us.

increase the attention to energy efficiency, this mix of strategies to get the

job done, more emphasis on the part of state and regional activities and the use

of the enormous technology and scientific expertise that we have in the federal

system, to advance the economic activities to affect the domestic economy. That

I would say is sort of a good mix.

The second is not so good, because what I am going to do next is discuss

what are some of the implications of some of these as far as the oil-heat

industry is concerned. This is not good news because there are some problems

here and I would not be very honest with you if I did not candidly describe what

I see taking place here. Now there are two issues that I want to mention. One

is, obviously, the energy tax and the manner in which the energy tax has been

proposed as requiring a heavier burden on oil-heat than on other energy sources.

I am told that this morning there was a vote in the Senate that would make this

a Btu tax rather than making a distinction between different energy sources. If

that holds up, then I think that would make a significant contribution to the

kinds of things that you are concerned about. But. that is something that, at

least let's tell it like it is, and is something that, as an organization I would

be concerned about. A second area is, the funding for the research in the oil-

heat technology area that is done here at Brookhaven. Now, this has been

something that sometimes has been in the budget and sometimes has not been in the

budget. The latest information is that it is not in the proposed FY 1994 Budget.

This is an area where you, and through the PMAA, have been very effective in

getting the funding restored when it has not been there and some of us within the

Department have tried to make the best argument we could that this is something
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that should be in the budget hut we have not won those arguments and currently

it is not in the FY 1994 Budget and the budget is frozen. So the budget will be

going to The Hill from the Administration and won't include a request for this
work. When I lost that battle I had some second thoughts, do you really want to

go up and talk to the people at Brookhaven, but i thought that it would be best

to let you know what the situation is. I think that there are some things that
have been done about this in the past, and some things that have to be done about

it now, but I wanted you to know what the situation is.

So that is the good, the bad and now the beautiful. But, I think that there

are some positive things that can be said about the current situation. One is
the work at Brookhaven and the work that you have supported and the work that you

saw this morning. I was enormously impressed as I looked at the research being

done and the display showing the research this morning; not only because of the

accomplishments that were being shown there, because I have seen the reports and

have known that this kind of work was being done, but the interaction between

people in the industry and the researchers about this work. As Dr. Leon Petrakls

said earlier, about the importance of the Laboratory serving this function of
providing technical information to industry in a way that it is interested in

using. I would say that was a living example of how this can best be done. I

think you know, from those of you who were there, of the work that is being done

at Brookhaven is at the cutting edge in terms of increased efficiency, in terms
of reducing environmental emissions, and in producing technologies, interacting

with you, that make your industry a leader not only in terms of efficiency but
also in environmental areas as well, and leadership in those areas will be

critical in the future. So, I think a very good story can be made. A good story
can be made to people within the Administration when there are some Appointees

at the Assistant Secretary level. At the present time I am sort of at the top

non-polltlcal level with the Department and between me and the Secretary there

is no one in those positions at the present time. So, when those people ar_

named, the kind of story that can be made to them is a very persuasive story.

What one can say is that this is an area that is critical to a region of the

country and important in other areas as well. It is an area where major research

accomplishments have taken place in terms of the award that was announced today.
Before that, there was the National Energy Research Organization, NERO Award,

which was a single award given to a major research accomplishment nationally.
I don't think there is an area of the DOE Budget that has accomplished as much

in terms of research advances for the dollars that have been spent as the oil-

heat research program, so that there is something there to be told. I think that

the interest the organization has shown in taking these results and using them

are significant as well. So, I think there is a need and John Huber I know you
will pursue it well and taking the message of what can be done here to the right

people in Washington, both within the Administration and Congress, and doing that
effectively is going to be important.

A second suggestion is that 1 think there is a way to use some of the things

that are taking place positively. I suggested within the Department that we

ought to provide some kind of a brochure of something on how to avoid the energy
tax that would show how energy efficiency that is cost-effective can be used to

reduce the energy cost more than what would be required by the energy tax. And,

so you could say with these kinds of technologies you are familiar with, the

technologies that are coming out of this research an individual can adopt these
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technologies, save more than they would be paying the energy tax and have a
higher valued home and more comfort as well. So, using that in some kind of

positive way, I think, would show not only that you are concerned about your

customers in terms of their comfort and their cost, but you are also i,-terpreting

positively something that is being done in order to meet a clear national problem
as far as the national deficit goes. So, I think that turning some of these

positively is another thing that can be done.

A third thing I would suggest is that the oil-heat industry become actively
involved in some of the State and Regional Programs that have started to develop.

I mentioned, for example, the Regional Centers. Now these will probably be set

up by Regions. New England is one Region. New York and New Jersey is another

Region. Certainly the electric utilities will have a major goal in these
activities but what we will be trying to do is set up centers that provide

technologies for across the board for all fuel sources so that people can get
information regardless of their fuel source in terms of improved energy

efficiency and other factors in those areas. So, playing an active role in some

of these regional activities, I think, is also a critical role in which you can

play. Being part of the group that is providing information on how to accomplish
improved comfort, energy efficiency at the state and regional level. I would

certainly be happy to work with you in any of these activities in the future.
It is a pleasure to be here. I salute Brookhaven for this effective

organizational presentation meeting and the oil-heat industry for the fine job

they have done over the years. Thank you very much.
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PMAA OPENING REMARKS/CHALLENGE TO PARTICIPANTS

John Huber - Heating Fuels Counsel
Petroleum Marketers Association of America

1993 OIL HEAT TECHNOLOGY CONFERENCE & WORKSHOP

Thank you for having me here. As a Co-Sponsor of the Conference, PMAAwould

llke to thank each of you for attending and welcome you to the Conference. This

Conference is vitally important to PMAA and our members, as our members market

up to 75% of the home heating oil sold in America. We at PMAA believe that

heating fuel oil will continue to play a vital part in this country's energy

future. Unlike other competing sources of energy, every aspect of production,

wholesale distribution and transportation, as well as retail sales is

competitive. As a result, we believe that the retail delivery of heating oil is

the most price competitive fuel available. While the heating oil industry is

extremely competitive and, thus, serves the consumer well, its competitive

aspects and the fact that we are not a unified industry make it impossible for

us to fund long-term research and development. That is why Brookhaven plays such

a vital role through the industry. This Conference and the research projects

discussed, as well as the research plans for the future, are extremely positive.

They provide the long-term basic research and development that is so vital to

maintaining this industry as a competitive force. Improvement in efficiency,

reduction in emissions and improving fuel quality are all subjects which have

been discussed at Brookhaven and which will continue to be explored in future

years. This year marks a serious challenge for the oil-heat industry. President

Clinton has proposed a tax that will be burdensome for our customers and we

believe that the tax is unjustified. We will be fighting this tax increase

during this year's Congress. Fortunately, the research at Brookhaven has helped

us move farther and faster than any of the other fuels we compete with. Our

efficiency is much greater than the competing fuels and in the free marketplace,

our customers are clearly well-served by oil heat. We believe the case we will

be presenting to Congress is strong and we are hopeful for an ultimate victory

on this issue. However, we must all realize that this will not be the last

significant challenge to our industry and as a result we must take steps to

ensure that we meet that challenge.

The first step _n meeting that challenge is to ensure that Brookhaven

receives the necessary funding from the DOE and the Congress. Doug Woosnam, who

will be your Moderator, will be testifying before Congress next week and will be

making a strong pitch for increased funding for Brookhaven.

I would like to note that the tax proposed by President Clinton would result

in additional taxes of over $600 million per year for our customers. We will be

looking at funding in the $1.2 to $1.7 million range, which is a very small

fraction of the taxes that President Clinton will be imposing. We believe that

slight increase in energy efficiency, as Mr. Millhone noted, could make that tax

invisible to our customers. So, continuing to get our efficiencies higher will

make us able to bear those taxes and make us better than gas or any of the other

competing fuels. So each of you I hope will be able to write your Congressman

and encourage funding for this. We really do think this is the long-term future

for the industry. I have fact sheets as well as sample letters that I brought
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with me that I will put out at the Registration Desk and I will try to distribute

these to each of you during the breaks also.

The second challenge is to make sure the equipment and technology that is
developed at Brookhaven makes it into the field, All the research that is done

is meaningless to our industry if we can't translate that into real savings for

our customers. That is why one of the more promising innovations is the Flame

Quality Indicator (.FQI), which I think Dr. Butcher will be discussing at length

today. It promises to have a very long-term future for us. The FQI will allow

us to keep the efficiency of the equipment at its highest level, prevent sooting,

and will really be a big advance for the industry and I understand it can be done
at very small cost. The problem is we have to gee the manufacturers to put it

out into the field. If we can keep Jumping our efficiency, we can really prove

to Congress, as well as to our customers, that this fuel has a long-term future.

Another area of interest to PMAA and its members is the work that is going

on here regarding fuel quality. Like every retail business, we want to ensure

that the product we sell is of top quality. We need to have satisfied customers.

Therefore, the efforts of Brookhaven, to investigate fuel quality parameters and

to develop countermeasures to ensure that quality is maintained, are vitally

important. Because, as you know, we will be hitting a two-fuel system later this
Fall where diesel and home heating oil are likely to be segregated. We hear

increasing rumors that the diesel will be a very improved fuel where heating oil
suffers as a result. In 1998, there is even talk that the diesel fuel market

will get even tighter thus leading, perhaps, to additional degradation in home
heating oil. It is really critical that we get a handle on fuel quality in the

future and either maintain what we have or develop countermeasures that ensure

that fuel quality does not hamper or interfere with our customers.

I want to thank Brookhaven National Laboratory and the staff of the

Combustion Equipment Technology Laboratory for presenting this Annual Conference
and I look forward to the presentations over the next two days.
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OIL-HEAT TECHNOLOGY ADVANCEMENT - MARKETER PERSPECTIVE

Doug Woosnam, Heating Fuels Committee Chairman
Petroleum Marketers Association of America

1993 OIL-HEAT TECHNOLOGY CONFERENCE & WORKSHOP

On behalf of the Petroleum Marketers Association of America, a co-sponsor

of the 1993 Oil-Heat Technology Conference and Workshop here at Brookhaven

National Laboratory, I would llke to welcome everyone to Day Two of the

Proceedings.

This Conference is vitally important to the members of PMAA as we deliver

about 75% of the total heating oil that is consumed in this country annually.

We are also vitally confident of the role that heating oll is going to play in

this nation's energy future. I think that, although we may have a preference,

we believe that a balanced energy market for the consumers is something that we

all must have as we go forward into the next century. The very competitive

nature of our industry, the fact that the majority of us are small family-owned

businesses provides a number of things. First off, it provides, I think, the

best service available to our customers, the consumer. It provides competitive

pricing for our customers but this is also one of the problems, that is,

individually and even collectively, we can't raise the kind of dollars necessary

to run an R&D program such as we have here at Brookhaven National Laboratory.

This research provides a means, as we saw yesterday and as we will see today, to

continually improve the product that our customer is using and without these

improvements we cannot compete on a marketing standpoint with our utility

counterparts. They have millions and millions more dollars to try to convince

the consumer that they have the best product. The one thing that we continually

have been able to do is outservice them. The other thing that we have continued
to be able to do thanks to the efforts here at Brookhaven and other efforts is

to provide a better product. A product that is safer, more efficient, burns as

clean as, and provides better comfort than generally what our competitors can do.

Some of the studies currently going on here, especially the FQI and the Fuel

Quality studies, especially when we go into next October when we go to a two-fuel

system, I think arguably, may be another turning point in our industry. But

studies like that are absolutely critically for those of us who are independent

businessmen. However, this year as in past years, getting the funding to keep

these programs going at Brookhaven continues to be a struggle. Historically, we

have been able to succeed and get the funding. However, in the FY 1994 Budget,

Oil-Heat R&D has been completely removed so we are starting at ground zero again.

Next week on Tuesday, John Huber and I will be meeting with the DOE and later

that day I will be testifying before the House Appropriations Subcommittee on the

Interior to try and get the funding back for the program for FY 1994. I don't

know how I can say it strongly enough, if you have never taken the time or have

not been able to take the time to contact your Congressman and your Senator, I

implore you to do that. The first thing you do when you go home, either tomorrow

or when you get to work on Monday (John Huber has provided material, basic

material in the back of the room, for that purpose), sit down, either use what

is there, or customize what is there, and send a note or a letter to your

Congressman and your Senator. Get their phone numbers, _ick up the phone and

-II-



say, "Listen, there are 13 million homes in America that are heated with oil-

heat. The return on i_,vestment that the government has had in the programs at

BNL is over 1000%, and if every program had a return on investment like this,

then this country would not have the deficit it has today." There is nothing

that they can appropriate funds for that comes back in the payoff that the

programs here (at BNL) have proven to come back with.

Green Peace, Consumer Energy Council of America, have supported what our

message has been, that is we need a balanced energy environment, that what we

should be looking at is conservation and not conversion. That is the message
that we want to take forward. I think that what I would llke to do is go ahead

and open today's program but Just remember what we do here at Brookhaven or what

they do here at Brookhaven does not Just benefit the consumer through better

efficiency and lower cost, it benefits the environment, benefits us the shall

business people and it benefits the country through a balanced energy program,

so please write, call, do the things that it takes to support our effort on your

behalf to get the funding to keep these programs going. So, with that I would

like to open this morning's program.
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Techn%cal _e_en_at%p_s

Twelve formal presentations (and one supplemental presentation) were made

during the two-day program, all related to oil-heat technology and equipment,

covering a range of research, developmental, and demonstration activities being
conducted within the United States and Canada, including these topics:

• Canadian R&D on Oil-Fired Combustion Systems

• Residential Cogeneratlon - The Next Step for the Oil-Heat Industry

• Engineering Evaluation of an Oil-Fired Residential Cogeneratlon System

• Application of the Flame quality Indicator

• Integration of the Energy Kinetics System 2000 Controller and the BNL
Flame Quality Indicator

• How to Increase Public/Industry Awareness of Oil-Heat Energy Conservation

• Oil-Heat Venting Guidelines - Vent Materials and Corrosion

• An Overview of the BNL Oil-Heat Vent Analysis Program (OHVAP)

• Fuel Quality Effects on Home Heating Systems
Residential Fuel Quality Study (Supplement)

e Fouling of Oil-Fired Boilers and Furnaces
• An Assessment of Fuel Oil Heaters
• Advanced Air-Atomized Burners

Workshop Sessions

The object of the workshops was to allow an open forum for the researchers,
equipment manufacturers, and marketers, and other members of the oil-heat

industry to discuss relevant issues in the oil-heat industry that relate to

ongoing research or might impact future research directions. Attendees were

provided with a list of discussion topics prior to the workshop sessions (see
Section III).

Four individual concurrent workshop sessions were planned for the afternoon
of the second day. They were:

A. New Oil-Burner Developments and Related Industry Issues On the Horizon

B. Guidelines for Oil-Appliance Venting Industry Review and Consensus
Actions

C. Fuels, Fuel Quality, and Storage - Part Three - Industry Actions

D. Oil-Heat Technology Transfer - Industry Role and Future Support

All four groups assembled in separate conference rooms during the 1-1/2

hour-long sessions.

Closing Sess_q_

Following workshop activities, the meeting reconvened for the closing

session. Workshop chairmen briefly summarized for the audience some of the
issues discussed during each workshop.
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CANADIAN R&D ON OIL-FIRED COMBUSTION SYSTEMS

ABSTRACT

This presentation will describe research and development presently being
conducted on oil-flred space and water heating systems at the Combustion &

Carbonization Research Laboratory (CCRL) in Ottawa, Canada,

The presentation concentrates on activities at CCRL to develop suitable

oil-fired integrated systems and control strategies to satisfy the low energy
demands of new homes in Eastern Canada, a region which does not have alternative

energy options, and so offers a promising growth market for oil.

Other topics to be discussed include the potential for second generation

retrofit of electrically heated homes and burner performance problems due to

variations in fuel quality.

OVERVIEW

The residential and commercial sectors account for 20% of Canada's fossil

fuel energy consumption and CO2 emissions, (nearly all of which is for space and

water heating), Energy consumption reductions of 20-43% can be realized by
advanced space and water heating systems for new and existing

dwelllngs/buildlngs. Some 25% of the home heating in Canada is from oil-flred

systems, _ith the potential for this figure to grow significantly if it can

displace electricity in many presently electrically heated homes.

As electricity has suddenly become a less desirable heating source, both

from the consumer's view due to rapidly hLcreasing costs, and from the electric

utilities' views because of peaking supply problems, oil also has an opportunity

to become the energy source of choice in new housing, at least in those areas of
Canada where natural gas is not available. One problem, however, is that the

minimum firing rate for oll (56-70 kBtu/h) is well above the design requirements
for most new housing in Canada, resulting in very oversized equipment, with their

attendant inefficiencies and comfort problems. CCRL is working on alternative

solutions to this problem, usually through the application of advanced integrated

systems. This is the prime focus of CCRL activity in oll heating at this time.

INTEGRATED SPACE AND WATER HEATING FOR IMPROVED EFFICIENCY,
COMFORT AND DEMAND SIDE MANAGEMENT

The integrated space and water heating systems being developed by CCRL will

couple mathematical modelling with laboratory and field results to develop an

intelligent expert system-based control strategy to improve and optimize fuel

usage and operational conditions of combined space and service water heating

systems in the residential and commercial sectors for a range of load factors and

customer requirements. Results from the work will be utilized to develop more

cost-effective appliances that maintain high levels of efficiency under a wide

range of varying load applications, diurnally and seasonally, as well as under
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source demands, such as family growth, house sale, apartment conversion to hotel,

or change in commercial tenant applications.

A dynamic modelling program will be developed for the design and operation

of distribution systems supplied by high efficiency generators for high rise

buildings, increasing the ability to supply heat and service water, while

improving the hydraulic stability of the systems.

As mentioned in the Overview, a significant problem exists with oil heating

systems in new housing. Because of the limitations in burner technology, firing

rates cannot be reduced much below 0.5 US gph (70 kBtu/hr); well-insulated new
homes can have a design heat load of one-thlrd to one-half this level. Combining

the space and water heating in an integrated system may allow efficient operation

of the furnace/boiler without short cycling and the attendant losses in

efficiency and comfort, in a similar manner to that discussed in the preceding

section. In such a fashion, oil can indeed be an ideal energy source for new

housing.

The basic system could be as shown in Figure i, with the energy generator
(boiler) coupled to a well-insulated storage tank by an efficient water-to-water

heat exchanger, along with intelligent microprocessor controls and a reversible

pumping system. When the thermostat calls for heat, the boiler would run

normally. When the thermostat is satisfied, the burner would continue to run

instead of shutting off, but the hot water from the boiler is passed through the

heat exchanger, sending heat to the storage tank instead of the house. The next
time that the thermostat requires heat, the process reverses, and heat is drawn

out of the storage tank, across the heat exchanger, and around the house, without

the boiler actually operating. If hot tap water is required, it Is taken

directly out of the storage tank.

Both the overall operational time and the number of cycles of the boiler

would be much less than a conventional system, the boiler operates more

efficiently in its heating mode, and the tap water heating efficiency is improved
dramatically.

A similar system is also being considered based on a warm air furnace as

the energy generator. A fan coil is mounted in the furnace warm air plenum, but

designed to operate in a non-conventional fashion. In this case the house

thermostat causes the burner to run. Two alternatives to the system are as

follows: (I) the fan coil operates continuously at this point, taking out a

portion of the furnace heat and dumping it to the storage tank, while the other

reduced portion goes to satisfy the house heat demand, causing the furnace to run

much longer to actually satisfy the thermostat, as shown in Figure 2; (2) the

fan coil is set in a bypass system to the main warm air plenum. When the
thermostat is satisfied, the bypass is opened and the fan coil operating in

reverse is activated in the warm air plenum and heat is dumped into the fan coil

and then into the well-insulated water storage tank. In either case the next

time heat is required, the process is reversed, and the heat is taken from the

tank, through the fan coil where it is extracted and circulated around the house

as heated air. As before, tap water can be taken directly from the storage tank

whenever it is required.
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FIGURE 1
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Control strategies are also being developed to optimize the synergistic
efflciencles for these space and water heating combinations for a variety of

loads and draws for both energy demands.

At this time, CCRL is concentrating its research on system optimization and

Ioad/storage/slzlng and control optimization with an efficient tap hot water heat
source base at this time, which "starts off life" as a hot water heater. A

number of system configurations are being run to develop performance and control

strategies which will be later utilized in the intelligent expert system.

The base configuration is quite simple, merely coupling the water heater

to a fan coll to supply the space heating requirements, as shown in Figure 2.

The first modification to this system is the addition of a well-insulated
water storage tank with indirect heat exchanger. The complete integrated system
is shown in Figure 3,

The next stage utilizes two water-to-water heat exchangers, one on the
supply line, and the other on the return line, to preheat water mains, along with
the fan coil, as shown in Figure 4,

A further modification is similar, but uses two heat exchangers in parallel

on the heat supply line, and one on the return line, as shown in Figure 5,

Data analyses of these experiments are presently underway and preliminary
results will be presented at the conference.

Further system combinations will be assembled so as to develop the optimal

system configuration for a generalized application.

Analysis of the performance of each system under a variety of space and
water heating load combinations is presently being carried out. In the

! residential application, the dependent and independent component systems of thei

fossil fuel-fired energy generator will be developed for regional applications
with different thermal requirements, using water with different chemical

characteristics, and inlet temperature variations.

The prelalse of the final system(s) to be developed is that it will have the

capability of learning what is required of it in terms of supply, and will be

able to adjust its integrated operation in such a way as to maintain high levels

of efficiency, usually in the condensing regime in spite of dramatic changes in

operational requirements. By using sophisticated methods of expert system

learnlng-based control, the next generation of these integrated systems may be

designed to achieve their full potential, under a wide range of operational

conditions and changing situations. The goal of this expert system concept is
to be able to utilize what is effectively the same integrated system in a variety

of applications, yet maintaining high efficiency in each. It would be capable

of recognizing changes in load demand patterns and in heating load requirements

(based on climatic, internal and human factors), and to adjust overall system

operation to suit. The expert system itself would be based on internal CCRL

expertise in this area, and applications being developed in the industrial area
for other clients.

.....22-



i ]1]1] INIIIIlIflUI I III1[I IIII ] IIIIIII III II [I I I hi! IIIII I [L IIIrlHIN II

IO "''''*'o t,, I................ I
i !ii i 1

'I , ' 1 Io ,_d
|i i| l |
on i |

,' , _ U ' ! IJJl,,O)
"" o u

,
.... '

,
i i i i i ii iiiiiii [ ii nnlllll I ]11,11illll!l_[IUI ± I i : i nllnll ±± [

Figure 2.

Standard type integrated system

...... ................ ......... : : :_:: . ,,, _ ,
lUm_

I_ I_ _ I _ _Ii

fro ?ui _m_ i_ooi)

h, :

in ! :_

(A_,C)
...

I?_ , ,

Figure 3.

Modified type integrated system

(including heat storage tank)
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By developing the new technological design control options of central

systems for multl-family residential buildings, potential market gains for larger

oil-flred boilers may also be realized, and may allow future integration of

cogeneration applications.

Improving Tap Water Heating in Existing Oil-Heated Homes

In Eastern Canada, tap water heating is often done either by electricity,

or by a tankless coll in an oil-flred hot water boiler. The tankless coll system

is very inefficient, requiring the boiler to be hot at all times, even during the

summer. Inefficient short-cycllng is common, as is the potential for casing

losses and high off-cycle st_k losses. In other installations, hot water is

often supplied by an electric water heater, and replacement of all or part of

this electricity demand, especially during the peak winter season would be a

Demand Side Management (DSM) technique attractive to electric utilities.

The tankless coil or electric water heater can be replaced by an efficient

water-to-water heat exchanger, coupling the boiler to a well-insulated storage

tank, along with intelligent microprocessor controls and a reversible pumping

system. When the thermostat calls for heat, the boiler would run normally. When

the thermostat is satisfied, the burner would continue to run instead of shutting

off, but the hot water from the boiler is passed through the heat exchanger,

sending heat to the storage tank instead of the house. The next time that the

thermostat requires heat, the process reverses, and heat is drawn out of the

storage tank, across the heat exchanger, and around the house, without the boiler

actually operating. If hot tap water is required, it is taken directly out of

the storage tank.

Both the overall operational time and the number of cycles of the boiler

are reduced, the boiler operates more efficiently in its heating mode, and the

tap water heating efficiency is improved dramatically. These retrofit systems

can give fuel savings and CO2 reductions of up to 43% for water heating. If the

water was previously heated electrically, CO2 reductions for the latter of as

much as 73% (35% to 85%, plus the difference between oil and coal CO2 of 24%) can

be achieved. Even greater reductions in conventional emissions of particulates,

carbon monoxide and hydrocarbons would result, due to fewer startups and
shutdowns.

FUEL QUALITY AND ITS EFFECT ON PERFORMANCE

A continuing concern at CCRL is that heating oil quality is changing in the

marketplace. The product yield from a crude barrel is being maximized by

incorporating heavier distillate cuts, while synthetic distillates are being

produced from unconventional sources such as oil sands and heavy crudes.

Operational requirements of in-use equipment may not be compatible with these new

fuels, which are generally of lower quality than current specifications. For

example, synthetic distillates contain higher proportions of aromatics than

olefins, compared to conventional distillates. These aromatics tend to generate
higher particulate emissions.

The introduction of these fuels has created a need for suppliers and users

to reexamine the design methodologies and expected performance characteristics

of lower grade products in existing appliances. CCRL is conducting performance
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evaluation of a variety of lower grade fuels in residential combustion

appliances. Such practical information will be beneficial to the oil industry,

allowing greater blending flexibility and product control for cost saving. The

standard writing bodies and regulatory agencies require this information to
update their existing fuel specifications, relating to changes in product quality

and equipment requirements. As well, fuel oil dealers and servicemen will know

better how to set their clients' equipment to effectively burn these fuels. On

the other hand, reducing sulphur levels in No. 2 fuel oil, in company with the

proposed sulphur reduction for diesel, might mean the potential for higher

efficiency appliances, and the potential for this should be clearly recognized

and advantage taken of it.

Combustion Test Cell

In carrying out fuel quality, burner and venting experiments for specific
clients, CCRL has a controlled environment test cell with provision for two

furnaces. Ambient fuel and return alr/water temperatures can be controlled

independently to any level, as can the pressure (positive or negative) in the
chamber. Transient performance of CO2, CO, NOx, hydrocarbons and particulates

are measured continuously as are any applicable temperatures. Continuous

recording of the flame character in each unit is also possible with special-
lensed video cameras. Conventional and side-wall venting performance can be

determined as can the effect of room depressurization.

VENTING

In order for the advanced oil systems to be taken up by the marketplace to

their potential, venting system costs and problems must be resolved. Increased

operational time per cycle may make well-sized lined chimneys a sure bet.

Retrofitting electrically heated houses and minimizing the uncontrolled

ventilation of advanced housing make sidewall venting continue to be an

attractive option, if the air supply, blowback, spillage and terminal problems
can be resolved. CCRL will be working with industry to resolve these and related
issues in the Canadian context.

SUMMARY

i. Integrated systems offer the potential for oil to return to new housing as

a preferred energy source, in many areas of Eastern Canada.

2. CCRL is developing the potential to design integrated systems which can

maintain high efficiencies over a wide range of load requirements for both
space and water heating, using learning-based expert system control

strategies.

2. Retrofitting a water-to-water heat exchanger and storage tank to an oil-

fired hydronic system have the potential to improve efficiency if the

original water heating was by tankless coil, and to act as an effective

Demand Side Management (DSM) tool for utilities if the water heating was

originally by electricity. For the latter, there is the potential to

produce significant immediate reductions in emissions of greenhouse gases,

particularly carbon dioxide.
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4. CCRL has a temperature controlled test cell with complete performance

measuring equipment to determine the positive and negative effects of fuel

quality and ambient effects including house depressurlzatlon, on equipment
performance, emissions and longevity.
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RESIDENTIAL COGENERATION - THE NEXT STEP FOR THE OIL HEAT INDUSTRY

Residential energy usage falls into two general categories: space and water

heating, and electrical. Historically, heating consumed much more energy than

electrical appliances. In recent years, h_wever, insulation, weather stripping,

and improved building practices have drastically reduced average heat loads,

while fossil fuel prices have remained stable in real terms. Simultaneously,

electrical consumption in the average home has risen, and the average real price

of electrical energy has also risen. In the northeastern and midwestern United

States the typical residence now spends an approximately equal number of dollars
in each area.

Technology to reduce heating expenses is readily available, and heat

conserving strategies can also improve occupant comfort levels. In contrast,

products that reduce electrical usage usually do so only marginally and often

with some lifestyle adjustment by the occupants. A new technology is available,

however, that completely eliminates household electric bills and can, in fact,

improve lifestyles by allowing electricity to be used more freely: residential

cogeneratlon.

Cogeneratlon is the simultaneous production of heat and electricity.

Electrical generation is inherently inefficient; on average only about one-thlrd

of the heat value of the fuel burned by a power plant is converted to electricity

(see Figure 1). Thomas Edison recognized the importance of making use of the

waste heat by locating his first generators in large cities and using the

leftover steam to heat nearby buildings. As economies of scale became more

significant power plants grew larger and were increasingly sequestered away from
urban areas and vented waste heat to the environment. After the oll shock of the

seventies and the passage of the Public Utilities Regulatory Policies Act (PURPA)

in 1978, however, cogeneratlon came back into favor for large industrial and

commercial installations. More than half of all new generating capacity is now

provided by industrial cogeneration.

Thermodynamic considerations dictate economies of scale for electrical

generation; large generators are inherently more efficient. However, in the

90's, the efflciencies of mass production are overcoming the efficiencies of

scale. Multl-disclplinary system engineering and new patented technology have

combined to make very small cogeneratlon systems, sized to fit most single family

residences, not only technically feasible but capable of providing a three to

five year payback for the typical household.

One such system, manufactured by Intelligen Energy Systems of Westford,

Mass., is designed to function as the sole central heating system. Rated at

85,000 BTU/hour, it operates whenever thermostats in the home call for heat, and

generates 5KW as long as it runs. If the household is using less than 5KW at

that moment, the excess power flows back into the electric grid. Under the

regulations of many states this power flows back through the standard meter,

spinning it backwards. At the end of the billing cycle the homeowner pays only

for his net usage, or is paid by the utility for his net generation. In

midwinter the average household will generate three times its usage, while in

spring and fall usage and generation will be approximately equal. Domestic water

heating in the summer will offset about one third of the average electric bill.
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Because of its very high overall efficiency the system only uses about 10%
more fuel than a modern oil-flred boiler. The average homeowner would therefore

pay less than one tenth as much for this extra oll as he formerly paid for

electricity. Looked at another way, the value of the electricity produced is

typically higher than the cost of ALL the oll burned by the system, so the heat
is free i

Cost of the system to the dealer is $6400, and installation is similar to

a conventional oll boiler. Use of the system to convert electrically heated
houses will be more expensive but can be quite cost effective, as some electric

radiation can be retained and no flue is required. Payback depends on current

electrical usage and rates, but can be as little as two years.

The Intelllgen system has been under development and testing for two and

a half years, and will soon be in full production. It consists of a small diesel

engine, generator, exhaust heat exchanger, mlcro-computer based control system,

power switching system, and sound isolation cabinet (see Figure 2).

The Intelllgen system is not the first residential cogeneratlon system ever

designed. It was determined early on, however, that the product had to meet

several crucial goals never before achieved:

i. It had to be oil-fired and had to be sold and serviced by existing

full-servlce oil dealers. All previous attempts had been gas fired,

and sold through generator dealers or other non-heatlng industry
channels.

2. It had to be designed to operate as the sole household heating

system. Previous attempts were sold as adjuncts to a primary

system, making total costs considerably higher and paybacks much

longer.

3. The product had to have the characteristics of an ordinary heating

system, so homeowners would be faced with no tradeoffs other than

price in considering the system. These characteristics include

longevity, maintenance intervals, fully automatic operation,

approximate size, sound levels, and safety.

4. The system must be installed much llke a conventional heating

system, and most especially with no complex and expensive electrical
interfaces. The interaction with the utility must be as simple as

possible.

5. The price had to be low enough so the average customer would see a

payback of under five years.

Initially, all options were considered for prime movers. It was realized

that heating systems can operate for several thousand hours per year, and the

power source had to be capable of lasting at least ten to twenty years. Gas

turbines and steam turbines were investigated and discarded as being too

expensive in this size range. Diesel engines were determined to be the only

technology mature and reliable enough to dependably operate over the required

time span. Even then, most diesel engines were only built to last a few thousand

hours, A global search ensued to find an adequate].y reliable engine, resulting
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in the choice of Lister-Petter as the engine supplier. Lister engines, made in

England, are currently used only in hlgh-end military and industrial
applications, such as unattended microwave relay links in the Arctic. In our

opinion, these are the world's best small diesel engines, and nothing less is

adequate for this application.

Considering the need to produce a cost effective consumer product, it was

necessary to value-englneer every aspect of the system. For example, the
smallest possible engine model was chosen, and a proprietary (patent pending)

technique developed to boost the thermal output rating to the 85,000 BTU/hr

deemed necessary to meet the needs of the majority of homes. The generator

chosen was an induction model for simplicity and low cost, and the electric

utility interface equipment, which normally would cost approximately $3000, was

built into the microcomputer control system. The generator is used to start the

engine with another patent pending technique, eliminating the cost (and
reliability problems[) of a starter motor, battery, and charging system.

Unfortunately, an unmodified diesel engine does not meet one crucial
constraint, the need for annual maintenance. All engines require oil changes,

and in the middle of winter an oll change would ordinarily be required

approximately every six weeks. To circumvent thi_ requirement, a long-run oll

system was developed consisting of a large external oil reservoir and a

circulating pump to constantly circulate fresh oll to the engine. The twelve
gallon reservoir is sufficient for both engine oil usage and contaminant
dilution.

Another area in which any unmodified diesel engine falls short is
quietness. Unenclosed, the noise level has been measured at 94 dba (at two

meters), which is far more appropriate to a construction site than a residential

basementl A heavy steel cabinet (approximately 4' x 2' x 3'hlgh) with extensive

sound insulation and numerous sound isolation techniques (patent pending) was

designed. In actual home environments the resulting sound level has been
measured as low as 58 dba, as compared to the 64 dba of a conventional modern

system with a flame-retentlon burner.

A final crucial requirement is fully automatic operation. A homeowner
cannot be expected to operate complex controls, and the system must start,

operate, and shut down in response to thermostat closures just llke a

conventional system. A very sophisticated internal computer hides all the

complexity, although total flexibility is still available to the servlce-person

or technologically oriented homeowner through an optional service terminal. The

computer also ensures that the electric utility requirements for frequency and

voltage stability are met, and that the utility nightmare of energizing a dead

llne and electrocuting a lineman is rendered impossible. As a result, although
the first installation in any utility area still requires extensive time and

effort, every electric utility that we have approached has ultlmately accepted

the system as safe and approved the Interconnectlon.

Eight field test units were installed, beginning in January of 1992. A

ninth pilot unit was sent to Brookhaven National Laboratory and installed in the

Combustion Equipment Technology Laboratory so that its efficiency performance

could be assessed during a series of engineering evaluation tests. This unit was

returned to Intelllgen after the tests and subsequently installed in the field.

A tenth unit was sent to Brookhaven National Laboratory for efficiency testing
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and engineering evaluation in the BNL Combustion Equipment Technology Laboratory,
Although a number of problems have been found, none are fundamental and ail have
been eliminated with simple engineering design changes, One example: it was
found that random engine oil pressure failures resulted from the fact that

ordinary oil pressure senders, while perfectly adequate for use with an idiot
light whose occasional flickering would not be noticed, cannot stand up to the

ten thousand times per second scrutiny of a computerY Fortunately, a few cars

now also use computers to monitor ell pressure, so appropriate senders do exist.

Another example: lack of a key in a bushing allowed enough slippage to hit and

grind the face of the external oil circulation pump (mentioned above) to

nothingness. Unfortunately, this happened to the Brookhaven unit Just as they

were starting their evaluation,

By the time production begins most of the pilot units will have had a full

season of operation, and the details will have been ironed out.

The bottom llne is that a system now exists which can cut the total

household energy usage in halfl
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ENGINEERING EVALUATION OF AN OIL-FIRED

RESIDENTIAL COGENERATION SYSTEM

RX]IG't_IVll SUMMARY

The definition of regeneration, within the context of this paper, is the
simultaneous production of electricity and heat energy from a slngl- mash!no.
This paper will present the results of an engineering analysis of the efficiency

and energy- conservation potential associated wlth a unique residontlaL oil-flred

cogeneratlon system that provides both heat and electric power. The system

operates whenever a thermostat signals a call for heat in the home, just as with

a conventional heating system. It has the added benefit of cogeneratlng

electricity whenever it i| running to provide space heating comfort. The system

is designed to burn No. 2 heating ell as a full, which is consumed in an 11-

horsepower, two cylinder, 56.75-cublc-lnch, I850-RPM diesel engine. This unit

ll the only pre-productlon prototype relidentlal oil-flred cogoneratlon system
known to exist in the world. As such it is considered a landmark development in

the field of oil-heat technology.

The study used a direct thermal efficiency measurement technique developed

by Brookhsven National Laboratory (BNL) for precise determination of heating

system offlclency based on enthalpy (heat) flow moa|uromonts into and out of the

cogeneratlon unit. Electrical power output was measured concurrently. Stack
(exhaust) emissions were also characterized and measured. Comparative noise

level measurements were also obtained during the evaluation tests.

The regenerator produced 4.8 kw of electric power under steady operating

conditions. Its output is nominally 5 kw on a cold start, dropping somewhat over

time as the generator unit comes up to constant operating conditions and

temperatures. The regenerator has a combined system efficiency of 92.8 _ 4.4 %

including its electrical output, hydronic (hot water output), and warm-alr

output. This represents a new hlgh-end reference mark for thu efficiency range

of oil-flred residential heating equipment performance. If the warm-elf

component is not used at all, the combined efficiency drops to 71.5 _ 1.2 %. The

measured emissions are representative of those expected for a diesel engine of

this size and type. The noise level was within measurement error of noise levels

obtained at BNL during operation of both an oil-flred furnace and boiler.

BACKGROUND

oLL piredcoaeneratAon Systems

Residential energy loads fall Ants one of two general categorles: i) space

and water heating loads, and 2) electrical loads including lighting, appliances,

cooling, and many other devices powered by electricity. Historically, heating
was a significantly larger energy load than that represented by electrical

appliances, but in many cases, this in no longer true. Energy conservation

technology has come of age in the residential buildings area. The use of high-

efficiency appliances, windows, doors, insulation systems, shower heads, and

other energy conservation and weatherlzatlon techniques have been widely adopted

into existing and new housing stocks. Many homes have dramatically smaller space

and water heating requirements. Electrical conmumptlon has either remained

- :19 o-



constant or increased as new types of electrical devices are brought into the
residential environment. The result is that the ratio of electric to heat energy

requirements has been brought closer into balance and has made cogeneratlon of

electricity and heat a more viable option.

Until recent changes in cortaln state utility regulations and the Federal

Government's Public Utility Regulatory Policy Act, (PURPA) it was not conaldered

economically viable to market cogeneratlon systems on the smallest scale,

resldentlal-si=ed systems sometimes called mlcro-cogenerators. Even now it is

a matter questioned by some "experts." However, Intelllgen Energy Systems Inc.,

believes it is a viable option and has already designed an oil-flred residential

cogenerator system for the residential market.

The cogenerator basically consists of an engine, a generator, a heat

exchanger, and controls. Figure 1 18 a schematic of the eystem with its major

components and illustrates the various energy flows which occur during operation.

Heat given off by the engine (both jacket and exhaustl is transferred to the

hydronic distribution system, while heat from the generator i8 transferred to the
warm-alr stream.

The efflclent use of primary energy sources, including fossil fuels (oil,

gas, and coal), is one of the important goals of the United States and a mission

objective of the U.S. Department of Energy (DOE) as described in the National

Energy Strateg}' (First Edition 1991/92). The technical assessment of thl8

cogenerator was conducted for the DOE in response to technical inquiries and

interests of the u.$. oil-heat industry and the energy conservation community at

large.

Thw Brookhaven National Laboratory (BNL) evaluation of the Intelllgen

Aipha-550 was limited to laboratory tests only, and only the technical evaluation

of efficiency, emissions, power output, and noise. This study did not evaluate:

long-term durability, use under field conditions, maintenance requirements, code

acceptance, and utility acceptance. These issues will be (appropriately)

evaluated by the manufacturer in its own field trials of ten pre-production

prototype units currently underway.

Intelliaen Ener_ Svetem8 - Model Alpha-550

The Model: Alpha-550 (Figure 2) a pre-productlon prototype 5-kilowatt,

residential cogeneratlon system was loaned by the manufacturer, Intelligen Energy

Systems Inc. (Intelligen) to BNL for evaluation and testing. The system is

designed to supply: hot water for hydronic baseboard heating systems, 5 kilowatts

of electricity during operation, and in addition a significant amount of warm air

which is used to heat the space where the unit is installed or which can be

ducted to other parts of the living space, if the unit i8 located in an unheated
area in the house.

The system i8 designed to burn No. 2 heating oil, which i8 consumed in an

ll-horsepower, two-cylinder, 56.75-cubic-inch, 1850-RPM diesel engine

manufactured by Lister-Petter, Inc., custom configured for Intelligen. The

engine powers a single-phase induction generator which i8 also custom configured

for Intelligen. The heat from the water-cooled engine is combined with the heat

recovered from a tube-in-shell exhaust heat exchanger and is circulated to the

hydronic baseboard zones located throughout the house, exactly as in a

conventional hydronic boiler system.



The unit is controlled by a proprietary system designed by Intelllgen,

based on a Motorola MC68HC705B5 microprocessor chip with input from standard

heatlng-system controls. The control system has an Input/output port for

connecting a service terminal for diagnostic checks.

The Intelllgen unit Is specifically designed as a regenerator, not as an

emergency generator. If the local utility power grid, which normally provides

electricity to the house, is down, for reasons such as downed power lines, the

Intelllgen Alpha-550 will not operate. This situation is exactly the same as the

case when the power is off in a home equipped with a normal heating system. A

boiler or furnace will not provide heat, because it needs electricity to power

the electrical components.

The Intelllgen unit is designed to take advantage of the efflci©ncles and

economics of cogeneratlon, which is defined here as the simultaneous generation

of electricity and useful heat energy. The major advantage is that the "overall

system efficiency" can be much higher than the typical 33% obtained with a

fossil-fueled electric utility power plant (including transmission line losses).

The residential cogeneration system has the potential for 90% efficiency or
better.

TEST RESULTS

The _lectrlcal output of the pre-production Intelligen Model Alpha-550

regenerator unit was found to be 4.80 _ 0.04 kW under steady operating conditions

(one hour average, fully warmed up). It produced a nominal 5.0 kW of electric

power on a cold start, dropping slightly as the generator heated up to constant

operating conditions. Consumption of fuel was measured and found to range from

0.54 to 0.57 gallons per hour (Btu/hr input range: 75,000 to 79,000). The

results of the thermodynamic efficiency tests for the unit are plotted in Figure

3, which indicates overall efficiency as a function of load, expressed in terms

of the fraction of the time that t_ system was operating. The combined steady-

state value is 92.8 Z 4.4 %, including the electric output component (21.3

0.2 %), the hydronic output component (50.2 _ 1.0 %}, and the warm-air output

component (21.3 Z 3.2 %). If the warm-air component is not used, the combined

efficiency could drop to 71.5 _ 1.2 %. If the warm-alr component is used, but

not fully, such as heating a basement without proper insulation or heating

controls, the efficiency may fall anywhere in the range from 71.5% to 92.8%. The

range will depend on the design of the basement (or any other uncontrolled space

where the regenerator might be installed) and the degree of communication (in

terms of heating and ventilation) between the uncontrolled and controlled living

spaces in the home. If a well designed ducting system, properly sealed and

insulated, is used the efficiency will reflect the high end of the efficiency

range, near 92.8%. The error in the electric output component is very small

0.8% of the measurement, the error in the hydronic output component is

approximately _ 2% of the measurement, and the error in the warm air output

component is much greater at Z 15% of the measurement. The degree of difficulty

and the error and uncertainty in measuring the warm air thermal output precluded

performing detailed cyclic efficiency tests of the system.
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Figures 4 and 5 show the results of the emission tests. Figure 4 indicates

the levels of nitrous oxides, carbon monoxide, and hydrocarbons (all in ppm)

during steady-state operation for two different fuels (standard No. 2 oil with

a 0.13% sulfur content and No. 2 fuel with a low 0.05% sulfur content). Figure

5 indicates the rates of particulate emission (pounds of particulate per i000

gallons cf fuel) associated with the cogenerator during steady running conditions

for the two fuel types mentioned above, and also the rate measured under cyclic

conditions (5 minutes on, 15 minutes off) with the standard No. 2 fuel (0.13%

sulfur).

The results of the noise measurements are given in Figure 6 and indicate

levels measured in ten frequency bands at a distance of 5 ft from the front of

the unit being tested and at a level 5 ft up from the floor, approximating the

height of a human ear. Test data were recorded with the cogenerator operating

by itself, and measurements were also recorded for a typical oil-fired, warm-air

furnace and a typical oil-fired, cast-iron hydronic boiler. Standard "A"

weighted measurements of noise level performance are also shown in Figure 6.

This "A" weighting is typical of the human perception of noise levels when all

frequencies are heard in unison. All sound levels were measured on the same day

within a one-hour period with a calibrated sound meter. Test conditions were

made as equal as the laboratory environment would allow, although the BNL CETL

facility was not designed as a sound testing laboratory. The results are

included to give some general indication of the sound levels that would be

expected when operating the cogenerator. This question has been a subject of

interest voiced by many representatives of the oil-heat industry involved in this

technology.

Efficiency (%)
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Figure 3: Efficiency Test Results
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i
CONCLUS IONS

SV_te_ _fflc_enc_

The efficiency of the cogenerator system, at 92.8%, represents a new high-

end reference mark for the efficiency range of oil-flred residential heating

equipment. Its efficiency can only be compared to "condensing" oil-flred

residential furnaces which have AFUE ratings in the 90-91% efficiency range.

These condensing furnaces have the highest AFUE efficiency ratings of all the

oil-flred heating systems in production.

The truly unique feature of the cogenerator is that approximately one

quarter of the output (4.8 kw) is in the form of high quality electrical power.

In a residential installation in the market areas targeted by the manufacturer,

this will displace expensive electricity generated by utilities.

It can be argued that the electricity should be given a value approximately

three times that of the heat, per unit of energy, because it displaces utility

power that would have resulted in two units of waste heat for each unit of

electricity produced. If this is done, then the unit has an effective efficiency
of 135%.

The unit outputs -39,000 Btu/hr for hydronic circulation during normal

heating conditions. When needed, this output is boosted up to 69,000 Btu/hr by

electric water heating elements (which are directly powered by the cogenerator).

These elements are located inside the circulating water system of the unit. When

the system starts to heat a cold house, for example, after a power outage, or

when outdoor temperatures are very low, these electric elements will be turned

on by the microprocessor control unit to augment the hydronic heating output.

As stated a significant portion of the thermal energy is also output in the form

of warm air, and to achieve the maximum efficiency of 92.8%, this energy must be

used effectively and not wasted. The location of the cogenerator inside a house

and the design of the house will be important factors. The amount of warm air

produced (-16,000 btu/hr) represents 21.3% of the chemical energy in the No.2

fuel oil consumed by the engine during steady operation. If this energy is

wasted, the overall efficiency is only 71.5%.

E_vir_nmental Emissions

A comprehensive analysis of cogenerator emissions should include factors

for the emissions reductions associated with the electricity generated at the

utility power plant that this technology is intended to displace. This analysis

is beyond the scope of the current engineering assessment. The emissions data

contained in Figures 4 and 5 are representative of what is expected for a diesel

engine of this size and type. This information has been included so that others

who wish to analyze regional emissions will have the necessary input data. All

of the emission levels measured (see Figures 4 and 5) are significantly higher

than those measured for modern oil-fired heating systems equipped with flame

retention head oil burners [NOx:-100-150 ppm; CO: -30 ppm or less; hydrocarbons:

-5 ppm or less; and particulates: -0.4 ib per I000 gallons of fuel or less

(cyclic), and -0.i Ib./lO00 gal or less (steady state)].

At this time, with the sole exception of limited areas in southern

California (Los Angeles Basin), there are no federal, state, or local
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environmental emission performance requirements imposed on small residential

heating systems manufactured for use in the United States. In addition, there

are no published, pending, or announced plans by the U.S. Environmental

Protection Agency to impose any federal regulations in the future. Emissions are

not currently an issue that would impede the manufacture or marketing of diesel-

engine-driven cogenerators, nor does it seem likely that it will be a problem any

time in the near future. Currently manufacturers of diesel engine are conducting

a great deal of research and development to reduce engine emissions for diesel

applications in the transportation sector. When successful, these innovations

will be available and will very likely mitigate any air quality concerns

associated with residential diesel-engine-driven cogenerators, such as the

technology discussed in this report.

Noise Levels

The Intelligen unit was designed to operate quietly at noise levels

comparable to those associated with more traditional oil-fired appliances. The

Model Alpha-550 tested at BNL exhibited very acceptable performance in this

regard as shown in Figure 6. All measurements, which were recorded only five

feet from the unit, are well within OHSA standards for constant noise exposure.

The "A" weighted average approximating the perception of the average human ear

was well within measurement accuracy of the levels recorded for a boiler and a

furnace tested on the same day at BNL (68.4 dB, 66.2 dB, and 64.3 dB

respectively, all Z 10% of reading) . Taking into account that the BNL CETL is

not a sound-measuring facility and that no special effort was made to attenuate

or decouple the engine exhaust noise of the cogenerator, it is quite possible

that the actual noise levels in the field may be slightly lower. The

manufacturer has stated that the unit sent to BNL was not equipped with all of

the sound reducing components currently included in the cogenerator package.

The only other conclusion that can be drawn from the data is that the noise

levels in the lower frequency bands are higher than those recorded for the

furnace and the boiler. Low- frequency sounds are more difficult to attenuate

than those at higher frequencies. The unit does have lower sound levels in the

higher frequency ranges when compared to the furnace and the boiler. This is the

reason that the overall weighted levels are approximately equal. Humans do not

hear sounds in separate frequency bands, rather they hear sounds in unison. The

"A" weighted procedure is a standard technique for predicting how humans will

perceive the sound and is a good comparative representation of how things sound.
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APPLICATIONS OF THE FLAME QUALITY INDICATOR

INTRODUCTION

The Flame Quality Indicator (FQI) has been developed at Brookhaven National
Laboratory (BNL) as part of a program to study, generally, advanced control and

sensor options for residential oll burners [i]. During this study optical

approaches were found to be very interesting and the FQI is a simple, first

application of the results of that work. Details of the FQI concept and initial
work with it have been discussed at earlier Oil Heat Conferences [2,3,4].

Essentially, the FQI uses a standard cad cell sensor and circuit to convert flame

brightness to a voltage signal. The circuit provides a red "service required"

light when the brightness (voltage signal), in steady state, changes beyond a
limit range. The burner must still be adjusted, initially, by a qualified

serviceman; the FQI simply indicates when something has changed and the burner
should be examined.

Early in the development of the FQI, field tests were done in Ottawa,

Canada (in cooperation with Canada Mortgage and Housing Corporation) as well as
in homes near BNL. These tests indicated several areas where improvements were

needed including response to short cycles and long term drift. Most of the

signal drift in the early field tests was caused by overheating of the sensor,
which was located just behind the retention head. The sensor has since been

moved back, eliminating the problem. A secondary factor leading to longer term

drift is sooting and oxidizing of the internal surfaces of the air tube during

use. This has been eliminated with new burners simply by pre-coating the inside

of the air tube with flat black paint. The response to short cycles is discussed
later in this paper.

We are presently well along in a further set of field (and lab) tests in

which the behavior of the FQI in a wide variety of system types is being studied.

The primary subject of this paper is a comparison of the behavior of different

system types and a discussion of further FQI improvements. The U.S. Department
of Energy, which has sponsored the development of the FQI, currently holds a

patent and is making licenses available on a non-exclusive basis.

The types of equipment which are currently included in our testing program

are listed in Table I along w_th a code used in this paper. In selecting these

units we have attempted to cover most of the types of systems which would be

encountered in the field. All of the units which are listed have been carefully
monitored for basic behavior as well as FQI trends. For some of these sites we

have installed remote data acqulsltion/monltoring systems. In other cases we

have simply put data acquisition equipment at the site on a periodic basis. In

addition to these sites other tests are in progress which do not have detailed

monitoring in place.

EQUIPMENT CYCLING PATTERNS

For any system, like the FQI, to be practical it must be able to respond
to a very wide variety of systems. Three of the boilers tested (DB, WBSI, and
WBC) are in homes and have tankless coils for domestic hot water. These each

have 3 distinct types of burner firing cycles: l)"standby cycles" where there is

no heat call and the burner simply makes up for off cycle heat loss, 2)"heating
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calls" where the burner fires several times to satisfy a thermostat call and

3)"hot water"cycles where there is a hot water load only,

Table I. Units included in FQI test program
.............................. ,, I I ........ l'illllrl'I' ' "I''

CODE UNIT DESCRIPTION
i ,,, ,,,,i j , ,l j ,,.,,,,r .................,,,, ,! , I I,_ ,,,,, , , , ,,,,,

WF A conventional, high-boy warm air furnace at BNL.
................ : - , - •............ ,,,i ,, . , , , : :,r,,s ....... :..................

DB A dry base, steel boiler in a home', 14 years old.
j, H . ,H,, _ ,,H,,H,, ,H I

WBSI A new, wet base, steel boiler in a home. This unit has a

refractory wall where the burner enters but otherwise the

flame is exposed directly to the boiler steel wall.
,, ,, __ ,, ,,.,,,, ,,f, L Lf,,,,r i ,,,,,i ,, , ,. H,f, - ,,n ..........

WBS2 A wet base, steel boiler with a thick refractory liner in the

combustion chamber, Several identical models in test program.

Includes lab tests, tests in homes and tests of a unit which

heats a small factory area.

WBC A wet base, cast iron boiler in a home, This unit has a

"bucket" type refractory chamber liner,
, i,f ,,.H rH,,, ,f,,,,,,,,, L_ ,,,H,HH , , - , ,H.......

MB A wet base, steel boiler used as part of a multiple boiler

system in a Nursing Home near BNL; 2 identical boilers tested.

. I LiltIIUIljll_. J [ I I IH IIIII I I I I .... Illl]I I II I IUl II IIIU_L! II I.=_J ........... _I_[I

Figure 1 shows a typical FQI flame intensity signal response over a time

period where each of these types of cycles have occurred (unit DB shown, WBSI is

similar), During standby cycles, the burner on-tlme is about 2 minutes, With

hot water cycles the burner on-time varies from about 3 to i0 minutes. Heating

call cycles are very repetitive. For the first firing the burner on-time is

long, 10-20 minutes. The next firings are considerably shorter, 3-5 minutes.

From site-to-slte the duration of the burner on-time depends upon the size of the

distribution system and the nozzle size. With a high firing rate the burner on-

time will, of course, be shorter.

During this program we. have field tested three boilers of the type WBS2

(same model). Two of these are in homes and one provides heat in a factory area,

In one of the homes the boiler is slightly undersized and, as a result, the

burner runs very often with long burner on-tlmes (to 2 hours). In the other

home, burner on-tlmes of 5 minutes are more typical. The factory where the third

unit is located has night setback, When the system "picks-up" in the morning the

burner has extremely long on-times (to 2 i/2 hours). A part of the cyclic

pattern at this site is shown in Figure 2.

The typical cycling pattern for unit MB is shown in Figure 3. This unit

has a high firing rate (2.5 gph) and cycles very frequently, The burner on-time

never exceeds 2 1/2 minutes.

All of the boilers that we have tested during this project have operating

characteristics similar to some part, at least, of Figures 1-3, While a pattern

like that of Figure 3 may indicate a serious case of nozzle oversizing, the site

shown is not the only one where this has been observed. The warm air furnace

(WF) currently included in our test program is installed in our lab and operates
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FQI Flame intensity Signal (V)
........................................... _ ................................................. __ :: .... ___ .......

Standby Cycle Heating Call Hot Water Call
2.5

:2

1,.5

1

0,5

0 _- _l 1 , ,., , t t t
0 1 2 3 4 5 6 7 8

Time (hours from midnight)

Figure 1. Illustration of the FQI signal trend in three different types of firing cycles. Unit DB in
a home- dry base steel boiler. (signal filtered)

FQI Flame Intensity Signal (V)

2.5

2

0.5

0 1 2 3 4 5 6 7 8

Time (hours)

Figure 2. Illustration of the FQI signal trend through the night and early morning in Unit
WBS2 in a factory - wet base steel boiler with a heavy combustion chamber
refractory liner. (signal unfiltered).
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FQI Flame intensity Signal (V)
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Figure 3. Illustrationof the FQI signal trendin boiler installed as part of a modular system
in a Nursing Home. Unit MB - wet base steel. (signal unfiltered).



with an imposed firing cycle. From our earlier test program we have considerable

data on the cycling patterns of different furnaces. Firing times vary

considerably and range from 2 to 40 minutes.

RESPONSE OF THE FQI TO CYCLING PATTERNS IN DIFFERENT EQUIPMENT

In this section, observed transients in the FQI flame intensities are

discussed for different equipment and cycle types. The first FQI system

developed at BNL used the signal intensity at the end of each burner-on period

to gauge flame quality. This can lead to an occasional false "red light"
condition if the "on" period is very short. An improvement under development

would examine the signal only after the burner has been firing for some fixed

period (e.g. 5 minutes). These two approaches are discussed along with the
transient signal intensities in this section.

Throughout this paper some of the data is presented as "filtered" signals

and some as "unfiltered". The purpose of the filter in the circuit is to

eliminate effects of normal flame flicker and the BNL FQI has always used a

filter in the part of our circuit which controls the flame quality lights. Only

recently, however, has the design been modified to make the filtered signal
available for input to our data logger as well as for initial FQI setup. A

comparison of both the filtered and unfiltered signals during a startup translen"
period is provided in Figure 4.

Generally, the initial transient period is dependent upon the amount of

refractory Around the combustion chamber, A heavy refractory liner leads to lot_g

warm-up time for flame brightness. Figure 5 shows the details of the transients

for the dry base boiler, Unit DB, during the seven burner "on" periods which

occurred in response to one typical heat call. The FQI flame intensity slgt_als

for each of the seven cycles have been superimposed for comparison. The first
time the burner fires, it runs for 15 minutes. After 6 minutes, the signal[ is

nearly at its final value although it never really reaches a steady value even

after 15 minutes. In the burner "on" periods, which follow the first long one,
the initial transients are much faster. When the burner fires the second time,

the refractory is already somewhat hot and this effect makes a difference for
flame brightness and the FQI.

Figure 6 shows the transient response during one firing cycle at Unit WBSI,

which has very little combustion chamber refractory. In this case, the FQI

signal shows very little warm up time. The signal maximum at this site generally

occurs early in the firing cycle, as shown in the figure. This may be resulting

from warming of the nozzle, which leads to reduced fuel flow, during the "ot_"

period. For this site, with little refractory, this effect is apparently the

most important. It may also be occurring at other sites with heavier

refractories but at these other sites the refractory effects dominate. At otle

test site, FQ[ signals were monitored during a fuel line blockage incident. In

this case, the FQI signal and, apparently, fuel flow decreased sharply during the
burner "on" period.

The transient response for Unit WBS2 in a home is shown in Figure 7. This
unit has a heavy refractory liner at_d so a long warm up time. After about 8

minutes, the signal reaches a steady value which changes little with firing times

as long as 2 hours.
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FQI Flame IntensitySignal (V)
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Figure 4, Comparison of filtered and unfiltered FQI flame intensity signals. Unit DB,

1.9 l l ___ l
0 2 4 6 8 10 12 14 16

Time from burner start (minutes)

Figure 5. FQI response during a heating call, Unit DB dry base steel boiler in a home. First
(long) burner on-period superimposed on following (short) burner on-periods. (signal
filtered)



FQI Flame IntensitySignal (V)
_ J_ I [i i llllllllnlliiiii i . I i11 iii- [ ............. ........................................

2.6 -

2.4- --"---__'--_'_--_'_,,

2.2-

2-

1.8 .......... L , t ,........ I _........ _...... _
0 2 4 6 8 10 12 14 16
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Figure6. FQI Signal Transient. Unit WBS1 - wet base, steel boiler with only a target wall in
the combustionchamber. (signal filtered).

FQI Flame Intensity Signal (V)

2.2
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1.8 ............L L......................I I i t _
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Time (minutes)

Figure 7. FQI TransientSignal. UnitWBS2 in a home - wet base steelboiler with a heavy
refractoryliner in the combustionchamber. (signal filtered).
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The transient response at Unit WBC is shown in Figure 8. This wet-base

boiler has a fairly light refractory liner and a short warm up period. Burner
"on" times at this site rarely exceed 4 minutes.

Currently two approaches for the FQI are being considered. The first

method, which has been used almost exclusively to date, uses the flame quality

signal at the end of each firing cycle to control the indicator lights. The

second approach would examine the FQI signal only at a fixed time after the

burner starts. Figure 5 can be used to illustrate the difference. For the 7

cycles shown in response to a heat call the FQI signal at the end of the burner
on-period is about 2.72 volts after the first cycle and about 2.65 after all of

the other cycles - a difference of 0.07 volts. Considering that the acceptable

voltage range is 0.50 volts this level of difference seems to be acceptable.

This may not be true, however, in the case of a very short isolated cycle where

the burner fires only to make-up for off cycle heat loss (no heat call or hot

water load). In this case the FQI signal follows the curve for cycle #i in

Figure 5 but the burner would go off at about 3 minutes. The FQI signal at this
point would be 2.5 volts or 0.22 volts less than the end-of-cycle voltage after

cycle #I. A false red light may occur. With the second approach under

consideration the FQI would only consider the signal at one fixed time- 5 minutes

after burner startup, for example. In this case the flame quality would only be

evaluated for the first burner- on period of a heat call or a long domestic hot

water draw. All short cycles would be eliminated. A disadvantage of this

approach is that the flame quality is not evaluated every cycle. During the

heating season a 5 minute cycle might occur only a few times a day. During the

summer a long cycle might occur only every few days. While the burner might
operate for a few days with a non-critical burner problem this is still a

considerable improvement over the current situation in which the burner might run

for months with poor combustion, leading to a fouling problem.

For those cases where the firing rate is relatively high and burner on-
times are short the choices are to downfire where possible, set the time for

examining the flame quality shorter (e.g. 3 minutes) or use the first approach

of monitoring the signal only at the end of the cycles. If all of the cycles are

short (e.g. Figure 3) and the refractory mass is relatively small the end of the

cycle approach is acceptable. If the refractory mass is great or a dry base

boiler is used the FQI signal changes significantly with time during the first
three minutes of burner on-time. The FQI signal at the end of three minutes may

be considerably different from the signal at the end of two minutes.

For most of the boilers and furnaces tested in this program the use of the

second approach, fixed time, would result in much less variation in the signal

used by the FQI from cycle to cycle. By reducing this variation it may be

possible to reduce the voltage range for the "green light" condition in the

future and improve the effectiveness of the FQI.

FACTORS THAT CAN CAUSE A "RED LIGHT" CONDITION

In the current FQI system, the normal setpoint is 2.5 volts and the upper

ard lower limits are 2.15 and 2.65 volts, respectively. These field tests, as

well as tests at the BNL laboratory, have identified many factors that can lead

to a change in the FQI flame intensity signal and a "service required" alarm.
These are summarized in Table 2. One of these has occurred several times in our
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FQI Flame Intensity Signal (V)
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Figure 8. FQI transient signals. Unit WBC in a home - wet base cast iron boiler. (signal
unfiltered).
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Figure 9. Response of the FQI to changes in fuel quality - Warm air furnace in the BNL lab
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recent field studies - oil in the burner air tube. At one field test site, after

installation, a steady climb in the FQI signal was observed. After one month,

the system was at the trip point. An inspection showed that the burner tilt was

incorrect and a pool of oil had collected on the inside of the air tube. The air

tube was carefully cleaned and the tilt corrected. The FQI signal returned to
normal and has remained there to date (3 months). The oil coating on the air

tube surfaces increased both reflectivity and the amount of light hitting the

sensor. At another site, we observed a severe case of oil back inside of the

burner housing, probably due to a combination of poor ignition and weak draft.

At this site, we observed a steady decrease in FQI signal. During inspection, the

sensor cell was found to be dripping with oil. It was cleaned and the signal

returned to near normal but the decreasing trend in the FQI signal started again.
This unit is scheduled for service.

Table 2. Factors which can cause a "red light" condition.

• An increase or decrease in excess air due to changes in the air

shutter position, fouling of the air inlet, or blockage of the heat

exchanger due to soot.

• Nozzle fouling.

• A partial blockage of the fuel line.

• Sooting of the sensor cad cell - this is a particular concern in

cases which have massive combustion chamber refractory liners and/or

low off cycle draft.

• The buildup of soot on the burner air tube or the nozzle assembly.

This can reduce the amount of light which reflects back to the sensor
cell.

• Accumulation of oil on the air tube or nozzle assembly. This glossy

film can increase the amount of light which reflects back to the

sensor cell.

• A very short firing cycle. In such a case the chamber may not get

fully warmed up. The flame at the end of the cycle is relatively

cool and emits less light than in a longer cycle. Future FQI designs
will eliminate this effect.

• Damage to the sensor. If overheated the sensor cells will lose

sensitivity. Current placement of the sensor cell far back in the
air tube has eliminated this in all cases tested to date.

• Use of an off-spec fuel which has either very high or very low
aromatics content. This includes lube oil.

In long-term use, some questions have been raised about changes in the FQI

signal following fuel deliveries. One situation which could occur is plugging

at the filter or fuel line after a delivery if sludge on the tank bottom is

stirred up. This has not been observed in field tests to date. Another possible
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effect, mentioned in Table 2, would be due to a change in the viscosity and

aromatics content of the fuel, which would lead to a change in flame brightness.

This has also not been found to be important in field tests. To evaluate

possible effects, however, a series of tests were done in the BNL laboratory with

a variety of fuels firing in our warm air furnace. Throughout these tests, the
furnace continued to operate with an imposed cycling pattern and the fuel supply

changes were made without any changes to the burner. Table 3 identifies the test
fuels and also shows the flue gas oxygen level, the smoke number and the FQI

voltage observed when each fuel was fired. The test fuels in Table 3 are listed

in order of increasing fuels aromatics content. Of the eight test fuels three
do not meet ASTM specifications for No. 2 oil. Fuel No. 2 is off-specification

due to high viscosity. Fuel No. 8 has too low a value for the API gravity• Fuel

No. 7 is out on both API gravity and viscosity.

Table 3. Properties of Test Fuels

Nl_nber Viscosity Aromatic API FQI Flue Smoke Fuel
(cs@100 F) s (9) Gravit Signal Gas 02 Number Meets

y (Volts (9) in ASTM

) Steady Specs
State

i 2.6 16.6 42.7 2.18 7'0 0 Y

2 5.5 33 - 2.41 6•5 0 N
,,,,, ,,,

3 1.6 33.2 38.4 2.37 8 trace Y
,, .... , ,,,,,

4 2.8 33 o5 36 2.45 6.8 trace Y

5 2.3 33.6 35.6 2.43 7.3 trace Y

6 2.3 55.5 30.9 2.46 7.4 trace Y

7 8.0 76.7 27.6 2.23 5•2 trace N

8 2.4 I00 14 2•83 7.i trace N

ASTM 1.9 to 3•4 - 30 min

Limits

Fuel Nos. i, 7 and 8 produced a change in the FQI signal which gave a red light

or near-red light condition. In the case of Fuel No. 7, the very high viscosity

caused the flame to stand far off from the retention head, leading to a low

apparent flame intensity (low FQI voltage)• This fuel is very difficult to burn

at all in a conventional retention head burner. A red light indication is
considered to be a correct response for this fuel. In the case of Fuel No. 8,

the high aromatics content produced a high flame intensity signal. Table 3 lists
a trace smoke for this fuel but examination of transient smoke numbers indicated

very high startup smoke production with this fuel. In an off-spec fuel like this

were used in a home, a red light condition would occur on the FQI. Fuel No. 2

is off-spec due to viscosity but in combustion tests no adverse effects on

performance were noted. The FQI gives a green light condition and this is a

correct response. Fuel No. i has a low FQI signal due to the low aromatics
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content. If this fuel were used in a home, a red light condition could occur and

this is not a correct response. The aromatics content of this fuel, however, is

extremely low and based on discussions with refiners it is extremely unlikely
that a fuel with these properties could be found in the market. The aromatics

content of nearly all #2 fuel oils is within a narrow range around 35%. Results

of all tests with the exception of the ultra high viscosity test (Fuel No. 7) are

illustrated in Figure 9 where the FQI flame intensity signal is plotted against

the fuel aromatics content. This serves to illustrate the importance of this

parameter.

In the absence of one of the factors listed in Table 2 the FQI signal will

remain steady over time. The test furnace in the BNL lab, for example, has had
a steady FQI _ignal for nearly one year of continuous duty.

CONCLUSIONS

Recent efforts at BNL have been in improving the performance and

reliability of the Flame Quality Indicator. Since it's initial development

numerous improvements have been made. Further improvements can come from more

experience with field applications. The results of these improvements will be

a smaller operating range for the FQI and less possibility of false "service

r_quired" calls. One improvement which might be implemented is the evaluation

of the FQI signal only at a very specific time after the burner fires. This

would eliminate transient and short cycle effects in most systems.
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INTEGRATION OF THE ENERGY KINETICS SYSTEM 2000 CONTROLLER

AND THE BNL FLAME QUALITY INDICATOR

INTRODUCTION:

The concepts of a "Flame Quality Indicator" (FQI) for monitoring oll fired

residential heating systems offers the oil industry an opportunity to further

promote the advantages of its equipment and services to the consumer.

It could put the oil industry in a position to offer the ultimate in a

preventative maintenance program which features the principle advantages of oil
heat over competing energy sources.

A) Clean: Proper monitoring of flame conditions insures clean

burning.

B) High Efficiency: Maintenance of a clean flame minimizes

performance degradation and loss of appliance efficiency; the

efficiency stays as high as when first set up.

C) Safe: Continuous monitoring of flame condition assures that

the air-fuel mix remains in an acceptable range. Potential

for carbon monoxide, already low with oil fired equipment, is

virtually eliminated.

D) Reliable: The advance warning of service requirements to

adjust the burner allows for more convenient scheduling of
service calls.

E) Economic: Maintenance of high efficiency and reliable

operation reduces the overall cost of operation of the

equipment.

Preventative maintenance service schedules can possibly be
extended with assurance that the combustion process is

properly controlled, thus significantly reducing unnecessary
annual tune-ups. (If it isn't broken, why take it apart,

readjust it and/or possibly create a problem.)

Concepts:

Originally introduced at the 1990 Oil Heat Technology Conference, the FQI
offered a relatively simple and cost effective oil burner flame monitor.

The concept and performance characteristics have been well described in

prior papers presented in the 1990 and 1991 conference proceedings, U.S. Patent

No. 5126721, issued in June, 1992 and in the 1993 conference presentation by

Thomas A. Butcher, George Wei and Yusuf Celebi (see Paper No. 93-4).

Basically, a standard cad cell sensor and monitoring circuit converts flame

brightness to a voltage signal. The voltage signal will vary with start-up
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transients, fuel and combustion air flow rates (excess air quantity) within a

fairly narrow range in a given appliance.

The ability to monitor this signal level continuously over very many firing

cycles permits an analysis of the quality of combustion. Changes in this output

signal are an indication of changes in flame quality and cleanliness of the

burning process and a resultant potential for a change in the appliance
efficiency.

DEVELOPMENT PROGRAM

Step i:

Energy Kinetics initially worked with Brockhaven Engineers in the Fall of

1990, using a boiler providing heat for its plant offices as a test site for one

of the prototype FQI controllers developed by BNL.

Recorders continuously monitored the FQI, flue gas oxygen level and unit

performance for a week at a time. The program indicated the FQI was fully
capable of detecting variations in air/fuel ratio and irregularities in burner

performance.

At the time, we were experimenting with the use of outside combustion air
and the recorders were able to monitor combustion air temperature at the burner

inlet and the FQI signal. Performance was satisfactory with combustion air
temperatures as low as 360F.

It is interesting to note that on llghtoff, the combustion air temperature
was close to the ambient room temperature. It would cool only slowly over a long

period of time with near continuous burner operation on the coldest days. Thus

initial lightoff would occur with, relatively warm air, and the air/fuel mix of
a normal set-up. This removed our concerns of cold outside air affecting

lightoff.

The test program indicated that some modification of the FQI monitor should

be incorporated to improve reliability of its signal output.

a) The CAD cell can be subject to heat and should be located as
far back as possible in the burner air tube.

b) Oil after drip, if and when it occurs can cause an oil film to

build on the eye (CAD cell), reducing its response signal.

The concept of the FQI and its ability to detect variance in flame quality
was felt to be very desirable and we continued to work with BNL in evaluating
units.

Step 2:

The Energy Kinetics System 2000 utilizes a sophisticated electronic control

(System Manager) to provide for energy management, zone control and domestic hot

water production which significantly reduces off-cycle losses associated with

most hydronic systems.
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Quite simply, it provides for cold start operation. Through use of a

timed cycle it preheats its low mass and water content boiler to a temperature

greater than flue condensing level in approximately 1-2 minutes.

The control makes the System 2000 operate much llke a warm air furnace.

Control sequence:

i. Preheat to approx. 1400 F.

2. Distribute heat to zone or hot water tank until demand is

satisfied.

3. Turns the burner off.

4. Continues distribution to last zone or hot water tank based on

a timed cycle until boiler temperature is approx. 105 ° F.
(much as a warm air furnace fan operates until the bonnet is

cool).

The System 2000 contains LED lights which signal each of these functions

and these lights have made it a valuable tool for assisting service personnel to

diagnose any system malfunction.

For several years now, we have been developing an advanced version of the

System Manager which uses advanced logic controls. It was obvious that we should

incorporate into its functions advanced concepts to further assist in service,

diagnostics and maintenance.

Addition of the FQI concepts as an additional optional input to the control

was included early in the design (see Figure i). Several advantages could be
included:

A) The System Manager controls the burner on/off function, so its

program could also be used with the FQI to eliminate starting

transients and monitor the flame intensity at a set time in

the burner on cycle.

Thus a principle variant in the level of flame intensity could be

made more consistent. The FQI was monitored only after five minutes

of operation. The characteristics of short cycles or very long

cycles could be eliminated.

B) The System Manager could provide electric power at a fixed

voltage to the FQI eliminating the need for a separate

controlled power circuit in the FQI device.

C) The System Manager could interpret the signal level and

determine if it was consistent with the original signal

(satisfactory operation) or if there had been a change and

that service/maintenance was required.



D) The System Manager would then trip the service light on the

FQI as well as close contacts which could transmit the service

requirement to:

I. A local or remote alarm/bell or light

to indicate heating service

requirement,

2. A house central alarm system or

direct dial system to indicate a

heating system problem to the alarm

monitoring service or dealer

servicing the equipment.

Two signals are possible:

i. FQI indicating tune.up is required°

Not an emergency.

2. Heating system/burner failure

resulting in a no-heat indication

which, depending on time of year,

might require immediate service.

This has an advantage in that the

failure is reported immediately
rather than after the fact when it is

realized the home is getting cold or
the home owner is out of hot water.

The new System Manager control recently developed is now undergoing

prototype field tests in 20 locations.

Six of these units are equipped with FQI units from Brookhaven which have

been modified to adapt to our System Controller. A typical installation is shown

in Figure _. The FQI with Manager and recorder is shown in Figure 5.

The signal level vs. excess air and smoke number for a System iJ00 Model

EK-I is shown in Figure 2,

Periodically, we are attaching recording equipment to several of the

locations to record operating characteristics of the system for five day periods

with data transmitted to BNL via modem for analysis.

The FQI signal is quite constant over a period of time. Data from one site

is shown in Figure 3.

The performance of the FQI has been excellent. In several instances, it

has indicated performance deterioration, well in advance of a significant

problem.
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CONCLUSION

The FQI is not the end all solution to insuring long term, low service,

reliable, clean burning oil-heatlng system operation, it can only monitor that

which is occurring and can extend service intervals on appliances which:

I. Have a wide window of reliable clean burning

characteristics, i.e., able to burn clean and

stable within a range of CO2 fro_ say, iO 1/2 to

13 1/2% COI,

2. Are supplied clean, well filtered fuel without

contaminants and preferably low sulfur levels.

3. Interrupted ignition systems which allow
electrodes to maintain excellent spark conditions

for 3 to 5 years without resetting of the gap and
position.

4. Rugged and reliable components, such as pumps,
motors and controls.

In the future, if for efficiency or low emissions reasons, units operate
at low excess air levels, the window of clean operation may get even tighter and

the F_I monitor may be the only way we can insure reliable operation.

We believe there are real advantages to the FQI and it is close to

commercialization. As with any development, we prefer to continue field testing
on a controlled basis before the product is released for general application.

In this regard, we look forward to working with interested dealers to

expand our test program and get feedback which will result in user friendly,
reliable operation.
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Fig, ure 4 System 2000 blana,,_,r wit:t_ VQI
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Figure 5. System 2000 Installation with FQI.
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HOW TO INCREASE PUBLIC/INDUSTRY AWARENESS OF OIL-HEAT
ENERGY CONSERVATION OPPORTUNITIES

ABSTRACT

The Nova Scotia Department of Natural Resources has developed a number of

approaches to increase awareness on the part of the public and industry groups

of the opportunities for increased energy efficiency and conservation in housing.
Several of these activities were directed specifically at the residential heating

industry.

The presentation will describe efforts to increase the use of efficiency

testing through industry training, public information and a shared purchase of

efficiency test equipment.

The effect of recent code developments pertaining to combustion efficiency

testing and the revisions to the venting codes will be discussed.

Recent issues in the industry with respect to the growing popularity of

side wall venting, the provision of combustion air in today's tighter energy

efficient homes and the retrofit of new high efficiency heating equipment into

existing venting systems will be outlined.

INTRODUCTION

The Nova Scotia Department of Natural Resources (NSDNR) Energy Branch

administers provincial government energy policy within the province. Within the

Energy Management Division, Public Energy Programs provides a range of programs

to increase energy efficiency in housing.

Energy related information is provided to the industry through workshops,
conferences and on-site visits. Similar services are provided to the homeowner

through a toll free telephone service, a broad selection of print material, home

energy workshops offered through the Community Schools Program, home shows, on
site energy audits and through other information activities.

PUBLICATIONS

Publications dealing with residential energy issues have been developed to

better inform the public of any new products or technologies. For example; a

brochure on windows provides detailed information on Low E glass and gas filled

windows. Comparisons in "R" values are given. We have produced a variety of

publications on residential ventilation and corrective measures dealing with

mould, mildew and moisture problems. Our "Home Heating Workbook" provides an

overview of basic residential heating systems and fuels. The advantages and

disadvantages of each are given, with a comparison of operating costs for fuel

options. Our most recent publication also deals with domestic water heating

options.

ENERINFO: One of our popular efforts is the ENERINFO province-wide toll-free

telephone line. The service is available from 8:30 a.m. to Y:00 p.m. weekdays.

Calls are tallied up in several categories, new or existing housing, insulation,
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moisture, heating, ventilation, domestic water and solar. We receive 2000-2500

calls annually.

SITE VISITS

For those homeowners with extensive energy related problems, we carry out

on site assessments on the building envelope, the heating system and ventilation

equipment. A detailed report which specifies corrective measures is prepared for
the homeowner. These site visits also reveal many field problems. Information

gained on site visits is used in the development of new printed materials and to

more readily determine the needs of the industry.

HEATING SEMINARS

In the past five years, we have held three very successful, residential
heating conferences. A steering committee was set up with representation from

a cross section of the heating industry to establish a programme that was most

beneficial to all. The Residential Heating Conference, held every two years,
provides a forum for the industry to come together, not only to participate in

presentations of interest to members, but to share common problems and solutions
about work in the field. Speakers included researchers, manufacturers and

suppliers, the service industry and marketing. Seminars such as ours and this
one enable the industry to see what is being developed and also allows for a

better dialogue between the many branches of the industry.

rHONE IN RADIO SHOW

For several years, I have been the monthly guest on the hour long "Maritime

Noon" Radio Show. The show is carried throughout three Maritime provinces by the
Canadian Broadcasting Corporation (CBC). People call toll-free with a very broad
range of questions dealing with energy related issues.

COMBUSTION ANALYSIS TEST KIT ASSISTANCE PROGRAM

For many years, we stressed the importance of efficiency testing to the
consumer, advising that this is the only accurate way to check the oil burner's

performance. Many burner technicians were not suggesting efficiency testing to

the consumer. We carried out considerable promotion on this subject including
a print advertising campaign to create consumer awareness of the importance of

efficiency testing. The consumer began requesting the tests. In many cases,
especially in rural areas, small independent operators did not have the

equipment. If enough consumers created the need, something had to happen! At

this point, we sent letters to certified burner technicians inviting them to

participate in our cost shared program and we received responses from over sixty
companies.

Our department agreed to pay 50% of the cost of efficiency test kits up to

a maximum of $350.00 per kit. In several cases, we provided funding for more
than one kit per company, based on the number of customers.

In Canada, we have had a number of code changes and the most recent BI39-
M91CSA code specifies that an efficiency test must be carried out on combustion

equipment at the time of installation or at any time service is performed on a
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burner. This is a common sense procedure but, as in many cases, it often takes

government legislation to make it happen. While the use of efficiency tests is

increasing, there is still a long way to go before testing becomes an accepted

practice for all residential heating service.

CONSUMER, HEATING CONTRACTOR RELATIONSHIP

The method of doing business varies to a great extent in various parts of

the country. We see strong pockets of hydronlc heating in specific areas, large

pockets of warm ai£ heating in other regions. On Canada's east coast, the

majority of oil suppliers lease heating equipment to the consumer.

There are a number of area_ in the heating field where improved

communications between the customer and the heating contractor would result in

more and better installations. More time must be spent briefing the customer

about the proposed system. I receive calls from homeowners who have been quoted

a price on a new system. I ask "How many zones?; What areas does each zone

include?" and "How many lineal feet of radiation will be installed in each room?"

These points are not always addressed. In most cases, the homeowner have been

sold on efficiency and reduced fuel costs but they visualize pipes running in all

directions and large gaping holes throughout the building.

It is time that "simplicity" has been emphasized. In the average two story

home, a one inch supply and return to the second floor is often all that is

necessary. The supply pipe runs to the second floor, splits, and each loop runs

around the perimeter of the building. A zone valve is installed in each loop and

we have a four zone, well controlled system (see Figure I). I have explained this

simple approach to many people and they immediately decide to install the new

system.

ARE YOU USING THE MOST COST EFFECTIVE FUEL?

Information in our Home Heating Workbook on fuel costs surprises many

people. Recently in Nova Scotia, many homeowners have installed electric heat

and used wood as a back up. Generally, they found heating electrically to be

very expensive. They wind up using wood as the prime heat source and electric

as the back up. Most homeowners state; "Wood is cheap". They actually know the

cost of heating electric_lly but are vague about the cost of wood. Our sample

chart (Figure 2) compares the cost of producing one million BTUs of heat energy

using various fuels.

At $120.00 for a cord, wood heating costs about the same as heating with

oil but without the work of the cutting, splitting, etc.. Taking electric heat

at 8¢ per kilowatt hour, the cost is $24.17 per million BTU, while oil costs

$11.22 at 34¢ per litre at an efficiency level of 83%.

THE HIGH COST OF EFFICIENCYYl

In today's society, we want the best ski boots, the best video camera, and

the most efficient furnace. Too many times, the salesperson tells the homeowner

the remarkable fuel savings achievable with 88% efficiency furnaces. The

homeowner is not told about the disastrous problem that will occur when installed

in the oversized outside brick chimney. If the boiler/furnace has been approved

for side venting, this is the ideal solution. If the vent is on the driveway
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side of the building or too close to other intakes, side venting may be
impossible. The frustrated, irate homeowner is now advised that the stainless

steel chimney liner is the only solution at an extra $ii00. Here again, we need
better communications and should advise the homeowner of the potential problems
in advance.

Low stack temperatures will result in chimney condensation and, in severe

cases, can destroy the chimney.

I have seen installations where condensing occurred because of the low

stack temperatures. The burner technician increased the temperature to reduce

the severity of the problem. Of course this drops the efficiency level which

defeats the purpo_e of installing a high efficiency heating appliance. In

general, for every 33°F temperature change, the efficiency will change i percent.
A side wall vent system will permit the heating device to operate at maximum

efficiency with low sta_k temperatures and no condensing problems.

In installations where side venting was not possible, and the flue gas

temperature was marginal, insulating the breeching will help prevent the
problems. In Figure 3, the _llustratlon sh_ws how an average temperature

increase of 62°F was realized by insulating a 53 inch long section of breeching.
The barometric damper does add diluted air and this .was included in the

temperature readings. The breeching was wrapped with I_" of high temperature
insulation.

Insulating the breeching is not meant as a cure-all but many times will

correct a minor problem and satisfy the customer.

ISSUES FOR THE FUTURE

The NSDNR intends to continue on with our very successful programs and

information activities as in the past.

Our residential heating conferences will be held every two years. These

conferences are tailored to the needs of the installation and service industry.

Areas that require further development are as follows:

I More emphasis on the importance of efficiency testing and to assist
in the enforcement of the new code.

2. Widen the field and produce more information on heating system
retrofits.

3. Further development and simplification of the provision of

combustion air and backdrafting in airtight housing.

4. Ongoing education programs for the industry to keep pace with new

technologies.
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Nova Scotia

Current FuelCost Comparsion- Feb/93

Fuel Unit Effic, Btu/ Cost/ Cost/ Heating %
unit unit, mil, Cost for Diff,

no GST Btu 75 Mbtu
...................... ,

Electric Kwh 100% 3413 $,0825 $24,17 $1812,92 Base

Oil litre 83% 36500 0,34 11,22 841,50 -54

Propane litre 75% 24200 0,389 21.46 1609,50 -11

Wood cord 55% 18,4M 120 11,86 889,50 -51

Wood cord 55% 18,4M 160 15.81 1185,77 -35

Wood cord 55% 18,4M 200 19,76 1482,00 -18

Pellet ton 75% 16,4M 225 18.29 1371.95 -24

Figure 2
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' Increasing Chimney Temperaturei I
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I I / Barometric Damper Entering Flueub,._

IFlue_ _ Before After being

I I "_r Insulation Insulated
I I 280 340

I I- i/ 290 345- -..... 285 35o

k_, _' _,/ Heating 280 355
Boiler 295 350

I

I Dimensions will vary with I

1 each installation J Test results byI __ A, irwin
Ill IIIII IIIIII I I II

No Scale Implied _

Figure 3
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A2PENDIX

FLAME QUALITY INDICATOR (FQI)
THE NOVA SCOTIA EXPERIENCE

FIELD TEST RESULTS

Arthur A. Irwin

Nova Scotia Department of Natural Resources

INTRODUCTION

In January 1992, an optical flame quality indicator (FQI) was provided by
Brookhaven and installed in a hot water heating boiler in Halifax, Nova Scotia.
The boiler is also used to heat the domestic water which meant the device has now

had a twelve month field test.

THE INSTALLATION

The FQI was installed in a Circle cast iron boiler; boiler model CB2A6

with a net heat output of 123,000 BTU/HR. The boiler is fired with a Riello,

series 40 model F5 burner, nozzle - .85 with a firing rate of 1.00 gph at 150

PSI. The boiler is used to heat an Aerotherm A-50 storage tank and domestic

water heat exchanger. The heat d_stribution system consists of a seven-zoue

hydronic convector baseboard system in a seventy-five year old home.

FIELD TESTING

In addition to the field testing of the FQI, oil consumption is being

monitored with an oll flow meter and the domestic hot water is being monitored

with a water flow meter. The burner cycles and operating time is being metered

and thermometers are used to monitor the tank in and tank out water temperatures.

The data has been recorded weekly for the past 16 months.

FQI INSTALLATION

The FQI is supplied with a cast aluminum clamping device which simplifies

installations of the sensor on the drawer assembly. This cannot be used on the

Riello burner because of the design. The sensor must be easy to remove and not

hinder servicing of the burner. Following a bit of experimenting, the sensor was

fastened to the inside of the air tube cover by drilling and securing the bracket

with sheet metal screws. When the cover comes off for servicing, the sensor is
attached which simplifies the procedure.

FQI PERFORMANCE

The FQI performed very well over the twelve month period with the digital

lights indicating each mode of operation. On burner start up, the red light
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comes on, following the burner pre-purge and ignition and flame stabilizing

period, the green light comes on. At burner shut down, the green light stays on

and the amber light also comes on indicating a "hold" mode.

On January 12, 1993, one year following installation, the red light came

on during the run cycle, At this point, a buzzing in the fuel pump sounded like

pump cavitation. When the noise occurred, the pump pressure dropped

approximately 10 PSI which indicated a restriction in fuel delivery. The filter
on the fuel tank was inspected and there was a heavy accumulation of sludge

around the filter cartridge. This restricted the flow of oil and in turn, the

fire became unstable and the FQI indicated there was a problem. Without the FQI,

the burner would no doubt perform for days or weeks in a very inefficient manner,

sooting the heat exchanger and eventually shutting down. The FQI was responsible

for diagnosing irregular performance at an early stage and one would assume it
prevented a burner outage and much discomfort.
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OIL HEAT VENTING GUIDELINES - VENT MATERIALS AND CORROSION

ABSTRACT

This paper presents a brief overview of work conducted in the application
of metallic materials in oil-flred heating systems. The mechanism of sulfuric

acid formation and the issue of surface corrosion of oil-flred heat exchangers

are both discussed in terms of the implications of acid carried over into the

vent system. The results of experiments studying vent wall temperature profiles

are presented and discussed addressing the implications of water and acid dew

point. A brief review of related research in metal corrosion rates in heat

exchangers is presented and extended to the development of a proposed method of

analyzing vent material loss through corrosion as a function of exposure time and
temperature. The method is applied to actual laboratory tlme/temperature history

test data for a vent system and the results are presented and discussed.

INTRODUCTION

An important issue related to vent surface temperatures is the formation

and condensation of sulfuric acid in both chimney and power vented oil-flrF_d

systems. Sulfuric acid formation and corrosion in oil-fired heat exchangers has

been investigated in BNL laboratory experiments. The results of these
experiments have confirmed that because of the presence of excess available

oxygen (excess air) in the combustion process, about i percent of the fuel sulfur

results in SO3 formation. This SO3 combines with moisture from the combustion

process to form H2SO4 (sulfuric acid) in the flue gas.

SOs + H_O =-=> HzSO4 (i)

Hot-water boilers are usually maintained at temperatures at or below 200

F. The wall temperatures of the flue-gas-slde of these boilers are only a few

degrees warmer than the water-side temperature. One evaluation of the sulfuric

acid dew point as a function of SO3 concentration in the flue-gas shows a typical

acid dew point range of 230 F to 266 F for fuel-oil containing between 0.2 and
0.3% sulfur.[l]

An evaluation has been conducted in the BNL laboratory of the acid dew

point of the flue gas generated from the combustion of No.2 Fuel Oil containing

0.25% sulfur. Although the maximum limit for No.2 Fuel Oil is 0.5% sulfur [2],

the 0.25% level is typical for the Long Island, N.Y. area. As a result of the

laboratory experiments, it has been observed that at 0.25 percent sulfur, the

acid dew point ranges from about 225 F to 240 F. The experiments also indicated

that about 50% of the acid formed condenses out on the flue-gas side of heat

exchanger surfaces within oil-fired heating equipment. This suggests that t[_e

balance of the acid leaves the appliance and enters the vent system.

Unfortunately, the temperatures of the metal surfaces exposed to _ne flue gases

in vent pipes and vent-system components of oil-fired appliances are at or below

the acid dew point for substantial portions of the burner "on" period. This

means that acid condensation will occur, and the resulting corrosion will damage
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these surfaces. Metal vent systems are frequently constructed of galvanized

(zinc dip coated) steel. The corrosion of the vent material will generally

proceed with the corrosion of the zinc coating in accordance with the following

equation:

Zn + H2SO4 (aqueous) --==> ZnSO4(xHzO) + H= (2)

Once the zinc coating is penetrated the steel will be exposed and the
corrosion process will follow the following equation:

Fe + H_SO4 (aqueous) ---=> FeSO4(Xh20) + H2 (3)

The primary products of these two reactions are hydrated sulfates of the
metals involved and hydrogen which is typical of acid corrosion.[l] Corrosion

rates, degree of damage and the effects on system performance and safety remain
open questions and require further evaluation.

in addition to work being conducted in vent loss for power-vent oil-f_Lt_,

appliances, some investigations were conducted regarding vent temperatu_ i.

These investigations have led to some tentative conclusions regarding system

operation, acid condensation, and the potential for corrosion.

An experiment was conducted using a vent connector of exaggerated length

consisting of a horizontal, 24 ft length of single-wall galvanized vent pipe.

This extreme length was used specifically for the purpose of measuring the

effects of extreme ambient cooling in the laboratory environment and would be
prohlhltlve for general field installations, The system was connected to an oil-

fired boiler which served as a flue gas generator. Flue-gas exhaust from the
vent system was augmented using a side-wall mounted inducer. Instrumentation was

installed to permit measurements of flue-gas temperatures and wall surface

temperatures at various positions along the vent were recorded.

VENT WALL TEMPERATURES

BOILER OPERATION INTO A LONG VENT CONNECTOR

The ASHRAE 103 Standard [3][4] assumes an "average burner on" time of

about 9.7 minutes and a burner "off" period of 33.3 minutes. For purposes of

reducing test time and simplifying timing in recording test data, a burner "on"

period of i0 minutes and a burner "off" period of 20 minutes was selected for

these tests. Using this cycling scheme, repetitive tests were conducted to

examine centerline flue-gas and 'ent wall temperatures in a long horizontal vent

system. While the experiment was originally designed around the examination of

the vent during the burner "on" period, the effects of burner "off" period

cooling were also measured. The vent connector was cooled by natural convection

with laboratory room air at 70 to 85 F.

Figures i and 2 show the results of a series of tests using a 24 foot long

6 inch diameter un-insulated galvanized vent connected to an oil-fired b._iler and

operated under cyclic control as described above, The centerline flue-gas
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temperature as well as metal wall temperature were measured at uniformly spaced

locations along the length of the vent system. For purposes of discussion within

this paper, a temperature of 250 F was selected as a minimum allowable surface
temperature for vent surfaces exposed to flue gas resulting from the operation

of oil-fired appliances. Based on the sulfuric acid dew point measurements

discussed earlier, it was assumed that at vent surfaces at or above 250 F, acid

condensation would not occur. Conversely, with vent surfaces below 250 F, acid
condensation could occur. In a similar vain, the water dew point for oil-fired

flue gases was estimated to be about 120 F. The significance of the water dew

point in this discussion will be presented later.

For the tests depicted in Figure I, the end of the burner "on" period

centerline flue-gas temperature at the boiler exit was about 600 F. This

temperature probably typifies existing older but well maintained oil-fired

appliances in the field. From Figure i, therefore, it is apparent that for 6

inch connectors up to 11.5 feet long operating under "average" cycling
conditions, the vent wall is above the 250 F in under 4 minutes of burner

operation. For high heat loads (long burner "on" periods and short "off"
periods) the vent system will likely be warmer prioc to the next burner start.

Thus, for high heat load periods, the exposure to acid condensation may be

relatively short per unit of fuel used. More importantly, as will be discussed

later, the period of time that the vent is below the water dew point will be

greatly diminished if not eliminated during high heating loads. It should be

noted that at both positions along the vent shown in Figure I, the vent wall

temperature started at about i00 F and remained below the water dew point for
about 30 seconds.

Many boilers must maintain water temperature under "standby" operation for

domestic water demands. Much of the heating season (fall and spring) will exert

low loading demands (short burner "on" periods below the "average"). Under these

standby conditions and/or in cases of heating equipment over-sizing, there is the

potential for short cycling, probably close to the 2- to 3-minute range for the

burner "on" period. This is inevitably coupled with long "off" periods which

allow the vent to cool nearly to ambient conditions. Even with an "older"

system, which typically have higher flue-gas exit temperatures, represented in

Figure I, there is a greater risk of exposure to water and acid condensation for

the entire vent system for cycling periods less than 3 minutes.

In Figure 2 we can see a temperature profile which probably is typical for
a major fraction of modern oil-fired boilers in the field. Even though the

centerline temperature has risen to 500 F at the end of burner "on" period, the

vent-wall temperature at a point 5.5 ft from the appliance is at the acid dew

point in under 6 minutes but only rises marginally above that point as the burner

shuts down. The implication here is that for this type of equipment un-insulated

vent connectors should not exceed a length of about 5 to 6 ft. In addition,
burner "on" periods of less than 6 minutes will place the entire vent connector

wall below the acid dew point for most of that period. This may be a

particularly difficult situation for oil-fired furnaces which exhibit an average

burner "on" period of 3.9 minutes according to the ASHRAE Standard 103.[3][4]

Again, it is significant to note that the vent wall temperatures start at about

85 F and remain below the water dew point for almost i minute.

In order to determine the wall temperature effects of a smaller vent

diameter, studies were performed using a long (24 foot) 4 inch vent connector.
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The recommended minimum vent size for mechanical draft oil-fired boilers is 4

inches in diameter for a gross boiler output of up to 132,000 Btu/hr..[5] Tests

were performed using the bare (un-insulated) vent with a peak (end of burner "on"

period) boiler flue-gas outlet temperature of 500 F. The results of these tests
are shown in Figure 3 and revealed no dramatic improvement over the un-insulated

6 inch diameter vent shown in Figure 2. There was a small reduction (-1.5 min.)

in exposure below 250 F at the 5.5 foot location and a small reduction in the

exposure below 120 F.

The 4 inch vent was then insulated with 1.5 inch fiberglass which had an
aluminized face and an R-value of about 4.2. The tests were repeated as before

and revealed significant improvements. As shown in Figure 4, at 5.5 feet from
the boiler outlet, the insulated 4 inch vent wall reached 250 F in under 3
minutes. The un-insulated 6 inch vent took more than 5 minutes to reach the same

temperature. At 11.5 feet from the boiler the insulated 4 inch vent wall was at
250 F in less than 4 minutes whereas the un-insulated 6 inch vent wall required

the entire I0 minute burner "on" period to reach 250 F. In terms of the water
dew point exposure, the vent wall temperatures started at 150 F, well above the

water dew point.

OTHER RESEARCH IN CORROSION FOR OIL-FIRED SYSTEMS

Studies conducted at Battelle Columbus Laboratories offer some insight in

terms of appropriate material selection for use in oil-fired venting systems.[6]

It should be noted that the studies were conducted for condensing heat exchanger
materials at surface condensing conditions near the water dew point in oil-fired

flue gas. These conditions represent the most severe in terms of metal corrosion

attack and are generally considered to be 7 - I0 times worse than the general

sulfuric acid corrosion occurring at metal surface temperatures between the water

dew point (120 F) the acid dew point (225 to 240 F)[7][8]. The corrosion rates

shown in mils per year (mpy) must therefor be judged in terms of the actual vent

design imposed and the inner wall material exposure to water dew point conditions
in the field.

Most of the commonly used conventional heat-exchanger materials were shown

to be unsatisfactory for use in the oil-fired flue gas environment.[6] These
materials include:

I) Carbon, low-alloy steels and cast irons (44-67 mpy)

2) Nickel alloys containing no chromium (9-45 mpy)

3) Some nickel-chromium-iron alloys containing no molybdenum (4-20 mpy)

4) All copper alloys tested (5-33 mpy)
5) All aluminum alloys tested (20-71 mpy)

6) All brazing alloys tested (6-31 mpy)

7) Tin, zinc, and cadmium. (14-36 mpy)

From the standpoint of corrosion the most favorable alloys which would

probably give satisfactory service in the oil-fired flue gas environment would

be the following:

i) Iron alloys' Silicon iron (0.4 mpy)

2) Iron-chromium-molybdenum alloys: 26-1, 29-4, MYBY MoT (<0.2 mpy)
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FIGURE 3 - FLUE-GAS AND VENT WALL TEMPERATURE
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3) Iron-chromium-low nickel-molybdenum alloys: Ferralium (R), Monit (R)

I0 (<0.2 mpy)

4) Nickel alloys: Hastelloy (R) C-276, Hastelloy (R) F, Hastelloy (R) G,
Inconel (R) 690, and Inconel (R) 671 (<i mpy)

The following alloys were judged to have acceptable general corrosion
rates, but were considered unsatisfactory for use in the oil-fired flue gas

environment (for heat exchangers) because of the susceptibility to local

corrosion attack as shown by the "X" below:

Table i

Corrosion Resistant Steel Alloys [6]

Material General Crevice Weld * SCC MA **SCC S

304 SS 0 6 mpy X - - X

304L SS 0 2 mpy X - - X

309 SS 0 1 mpy _ _ X X

310 SS 0 5 mpy X X _ _

347 SS 0 3 mpy X - -

348 SS 0 5 mpy X - -

17-4 Ph 0 3 mpy X - -

316 SS 0 1 mpy _ _ _ X

316L SS 0 2 mpy - - X

PHI5-7Mo 0 4 mpy - X - -

409 SS 0 8 mpy - -

418 SS 1 6 mpy - - X -

• SCC MA - Stress corrosion cracking in the mill annealed condition.

•*SCC S - Stress corrosion cracking in the sensitized condition. The sensitized

condition was induced by heat treatment of 4 hours at 1200 F to simulate the

effects of welding on the parent metal.

Pitting and crevice corrosion can develop in stainless steels where the

materials passivity has been destroyed by exposure to strong acids, such as

sulfuric acid or by means that reduce the oxygen concentration on the metal

surfaces. If debris is allowed to accumulate oxygen accessibility is reduced to

the covered area and pits may develop. Once pitting begins, conditions within

the pit become more aggressive and the rate of penetration can increase with
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time.[9] For thin section un-insulated vent pipe applications, periodic

inspections for pitting penetration should be required.

Fabrication techniques, for vent system components, should be chosen to

avoid welding (with the possible exception of electron beam welding). In forming

operations, the use of sharp (small radius) bends should be avoided. The careful

choice of fabrication operations can reduce the potential for crevice and stress

corrosion.

All of the stainless steels shown in Table I above appear to have potential

application in the corrosive environments of oil-firedventing systems. Although

there are some concerns for their application in condensing heat exchangers [6],

with the appropriate fabrication techniques, their application in venting systems

may be feasible. In addition, in the vent system environment these materials

would be subject to low structural loads and thermal stresses and should give

longer service than plain carbon steel.

MATERIAL LOSS IN SINGLE WALL GALVANIZED VENTS

From the work conducted at Battelle, it could be concluded that galvanized

steel vent pipe is a totally unsatisfactory material for the venting of mid- and

high-efficiency oil-fired equipment. Corrosion at the water dew point will occur

to some extent for un-insulated vent pipe exposed to indoor ambient air

temperatures (60-70 F). From BNL tests it was found that the galvanized layer

(about 2 mils thick) was severely corroded after a single heating season and

would probably be entirely removed after the second heating season. The extent

of further corrosion will likely be some fraction of the "whole year" 44-67 mpy

(56 mpy average) found by Battelle using a 4.0 minute burner "on" period.

Battelle assumed corrosion over the entire year (8760 hours). The fraction

applied to the 56 mpy figure will depend on length of the heating season (to be

precise, the total number of operational cycles of the burner) and the time

history of the actual vent wall temperature, above and below the water dew point,

during the burner "on" period.

From tests conducted at BNL, the vent wall exposure, periods from near

ambient to 120 F ranged from about 0.3 minute to 1.5 minutes per burner "on"

cycle for un-insulated vent walls. For a 6 month heating season and the above

BNL exposure periods the 56 mpy corrosion loss may be adjusted to 2.1 - 10.5 mpy.

In the case of an insulated (R4.2) vent pipe, BNL tests showed vent wall

temperatures to be always above the water dew point. In this latter case, these

figures may be reduced by a factor of I0 to a range of about 0.2 - 1 mpy.

Much of the above discussion of galvanized steel also applies to the use
of aluminized steel.

ESTIMATING VENT MATERIAL LOSS

In an attempt to establish a rational procedure for estimating vent wall

penetration due to sulfuric acid corrosion, a review of research pertaining to

the subject of sulfuric acid corrosion of steel in oil-fired boilers yielded the

following results. From one source, measurements of corrosion for temperature

controlled steel test samples is given in terms of operating temperatures of the
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sample.[7] Steady, continuous operation above 140 F (60 C) resulted in a

material removal as high as .3 mm/year. For intermittent burner operation the

material loss rates were found to be directly proportional to percent of burner

"on" time. Operation at temperatures approaching 104 F (40 C) resulted in a

dramatic increase in material loss to as much as 5 mm/year. The findings are

supported by work conducted at Battelle [8] where sharp increases (by a factor

of 7) in the pitting corrosion of carbon steel were found to occur when the metal

was cycled repetitively across the water dew point.

This data was used to develop an equation to estimate the penetration rate

of steel vent pipe material as a function of vent wall temperature and time. The

following assumptions were made for flue gas from oil-fired systems:

(I) The sulfuric acid dew poiPt is < 250 F

(2) The water dew point is approximately 120 F

(3) For vent wall temperatures < - 120 F the vent wall material loss rate

can be taken as 5 mm/yr for continuous operation.

(4) For vent wall temperatures > - 120 F and < 250 F the vent wall

material loss rate can be taken as .3 mm/yr for continuous operation.

Applying the above assumptions the estimated vent material loss in mm per

year for a boiler application may be expressed as:

VML - HF/CY*(CRI*(t120) + CR2*(t250 - t120) )

Where :

HF - Heating Fraction, the ratio of the total burner "on" time to the

total time in the heating year

CY - Cycle duration in minutes (boiler - 43, furnace - 17.2)

CRI - General corrosion below water dew point - 5 mm/yr

CR2 - General corrosion above water dew point - .3 mm/yr

t120 - Time from a start to a wall temperature of 120 F.(min.)

t250 - Time from a start to a wall temperature of 250 F.(min,)

Conversion of the resulting material loss rates in mm/yr to mils per

heating season is achieved by dividing by 0,0254. An estimated value for HF may

be derived for a given building and region using the approach outlined in the

Appendix under Building Heat Load and Equipment Effects.

The above formula may be simplified by making a very conservative

assumption that HS - 0.5. Making the appropriate substitutions for the values

defined above, the formula for Vent Material Loss (VML) in mils (thousandths of

an inch) per heating season becomes:

For boiler applications:

VML - 2.15"(t120) + 0.14,(t250)
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For furnace applications:

VML - 5.38"(t120) + 0.34"(t250)

Using the above formula, vent wall temperature/time history data taken in

the laboratory has been converted to reflect an estimate of seasonal material

loss for single wall galvanized vent pipe. The corrosion of the galvanized

coating was assumed to occur at the same rate as the steel. The material

thickness of the vent wall is initially 0.019 inches or 19 mils. Figures 5,6 and

7 show the result of these calculations for a boiler using the following vent

sizes and test configurations:

(I) 6 inch diameter vent, un-insulated, peak end of burn (EOB) temperature
- 600 F.

(2) 6 inch diameter vent, un-insulated, peak end of burn temperature
- 500 F.

(3) 4 inch diameter vent, un-insulated, peak end of burn temperature
- 500 F.

(4) 4 inch diameter vent, insulated R4.2 high temp. fiberglass with

aluminum foil facing, peak end of burn temperature - 500 F.

(5) 4 inch diameter vent, un-lnsulated, peak end of burn temperature
- 400 F.

(6) 4 inch diameter vent, insulated R4.2 high temp. fiberglass with

aluminum foil facing, peak end of burn temperature = 400 F. with both
hot and cold starts

Examining Figure 5, the estimated vent wall penetration for the un-

insulated 6 inch vent with an EOB temperature of 600 F is significantly less than

the same vent with an EOB of 500 F. Comparing Figures 5 and 6, the estimated

penetration for both 6 inch and 4 inch single wall vent pipe (EOB = 500 F) appear

to be essentially the same. In each case the estimated penetration by corrosion

would occur in about 6 heating seasons at I0 feet. With insulation added, the

4 inch vent wall never fell below the water dew point. The total corrosion

effect was therefor estimated at conditions above the water dew point for which

a much reduced general corrosion rate applies. This resulted in a projected life

of about 40 heating seasons. In Figure 7, the operating conditions for an EOB

= 400 F are shown. For the insulated and un-insulated cases, the corrosion rate

are only slightly higher than that shown in Figure 6 (EOB - 500). However, when

the insulated system was subjected to a cold start (C), after a long "off"

period, the first cycle exhibited corrosion effects very similar to the un-

insul_ted case. The following cycles exhibited subsequent hot _tart (H)
characteristics,

There appears to be good general agreement in the applied analysis of

Battelle's results [6] [8] and those of Koebel/Elsner [7] . In addition, the

predicted material loss due to corrosion for single wall galvanized vent pipe

does not seem unreasonable based on experience and offers a conservative guide

for periodic inspections. Periodic examination and replacement of the vent

connector, as required, remains as the current least cost option. The
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FIGURE 5 - ESTIMATED VENT WALL PENETRATION
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FIGURE 7 - ESTIMATED VENT WALL PENETRATION
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application of existing vent connector systems, such as "L" Vent may also offer

a satisfactory solution (see Appendix - Vent Pipe and Chimney Materials).

It is interesting that while "B" vent systems are not listed for oil-fired

applications, the identical configuration using a stainless steel liner

apparently qualifies as "L" vent. At least one version of this system uses a

high-temperature insulation in lieu of a simple air gap for further heat loss
reduction. Until a low cost/low loss/corrosion resistant connector system

emerges for oil-fired applications, this may be another acceptable alternative.

In terms of long term potential, the application of high-temperature

plastics remains a wide open area. The reader should refer to Plastics, Table

A-4 in the Appendix for further information in this regard.

One real concern remains in the use of galvanized material in multi-wall

(but un-insulated) chimney systems. In these systems, even though the vent inner

wall is not directly exposed to outside ambient conditions, it is likely that the

chimney will be located outside the insulated building envelope. Under these

conditions, cooling of the inner wall may be more pronounced than in interior

vent connector. Periodic inspection may not be practical if the chimney is

structurally enclosed within a vertical chase. Structural and/or gas integrity

of the inner liner and secondary steel wall may be compromised long before the

outer shell is penetrated. Since these metal chimneys are frequently installed
in inaccessible locations within residential buildings, it would seem reasonable

to expect a 30 - 50 year life for such an installation.

SUMMARY AND CONCLUSIONS

A brief summary of the findings to date resulting from BNL research to be
included in the Guideline document are:

i) Acid and water dew points are a source of concern for vent

materials (and heat exchangers) in the operational environments

presented by oil-fired equipment. The Sulfuric acid dew point for
No.2 fuel oil lies between 225 and 240 F. Surfaces below these

temperatures will permit acid condensation and possible corrosion.

Flue gas-side surface temperatures below the acid dew point are
prevalent in most modern oil-fired appliances and vent systems.

2) Vent wall temperatures are substantially less than centerline

flue-gas temperatures. As shown, in the laboratory and extended to

field use, a crude approximation of the vent wall temperature may be

calculated as the average of the centerline flue-gas temperature and

the local ambient temperature.

3) Downsizing of short vent connectors by reducing diameter, within

the limits set by the appliance input rate, has marginal benefit in

terms of increasing vent wall temperature and reducing the quantity

of acid condensation. Reducing heat flow through the vent wal] is
more effective.

4) For each element in a given vent system there is a fixed period

of time where that element is below the water and/or acid dew point
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during the burner "on" time. The amount of acid condensed and the
amount of corrosion within each element is a direct function of the

number of cycles the equipment experiences during its lifetime of

operation. A reduction of the total number of lifetime cycles,

through the use of low output appliances, variable firing rate, or

thermal storage will extend the life of appliances and reduce
maintenance needs.

5) In all cases, after any draft control device, reduction of heat

flow through the vent wall is essential to maintain the vent wall

above the acid dew point.
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APPENDIX

Building Heat Load and Equipment Effects

It is frequently convenient to refer to the heating load required for a

typical house. For example, in the Northeast, BNL has used the configuration of

a house of about 1500 sq.ft, area and a steady state heat loss of 50000 Btu/hr.

with 70 F. inside temperature and 0 F. outside temperature. A convenient term

to represent this house is the term "UA value" which simply put, expresses the

heat loss of the house in terms of Btu per degree-hour or Btu/F.hr. This is

derived as the steady state heat loss divided by the indoor-to-outdoor

temperature difference (50000/70) and for the house described above results in

a UA value of 714 Btu/F.hr. Thus, in order to determine the annual space heating

requirement for this house in a specific region, one simply needs to know the

annual heating degree-hours for that region. The product of the UA value and the

local heating season degree-hours is equal to the annual space heating

requirement in Btu units. For the New York metropolitan area as an example, the

average number of heating degree-hours is about 125,000 accumulated over about

7 months of the year. Therefore the annual space heating requirement is equal

to (714)x(125000) or 89,250,000 Btu. Once this figure is derived it can be used

to estimate some useful things about the operation of the space heating appliance
in the house.

For instance, the annual fuel input required for space heating can Le

estimated. Assuming an appliance AFUE of 80%, the annual fuel input is equal to

(89,250,000)/(0.8) or about 111,600,000 Btu. Assuming the heating value of a

gallon of fuel oil is 140,000 Btu, the number of gallons of fuel used for heating

would be (111,600,000)/(140,000) or 797 gallons.

Assuming that the heating appliance is a boiler, the number of operational

cycles per heating season can be estimated. From the AFUE procedure we may

assume an average burner "on" time of about 9.7 minutes.[3][4] The heat input

using a i gph nozzle is (1)x(140,000)x(9.7)/(60) or 22,633 Btu. The number of

burner operations required for space heating per year would be (iii,600,000)/

(22,633) or 4931. A similar calculation for a furnace with an average burner

"on" time of about 3.9 minutes results in an input of 9,100 Btu and 12,264 burner

operations.

To determine the Heating Fraction (HF), as a fraction of the entire year

(12 months or 525,600 minutes), additional terms, such as water heating and idle

loss must be accounted for as well as space heating. In order to do this, an

apportionment of the various heating loads must be made between the Heating

Season (HS)(7 months or 306,600 minutes) and Non-Heating Season (NHS)(5 months

or 219,000 minutes).

Idle loss is the heating required for a boiler to maintain temperature for

hot water production. Tile cumulative burner operation time for idle loss can be

conservatively estimated as 3% of the total time, accountable largely during the

Non-Heating Season. The total burner "on" time would be (.03)(219,000)/60 or

109.5 hours. A calculation of the heat input for idle loss would therefor be

(109.5)(1)(140,000) or 15,300,000 Btu.
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In addition, the boiler will be called upon to produce about 65 gallons of

hot water per day. Assuming a temperature rise of I00 F in the water, this heat
amounts to (65)(8.35)(1)(100)/.8 or 67844 Btu per day or about 25,000,000 Btu

per year.

An accounting of these heat loads is presented in the table below:

Heating Season Non,Heating Season

(7 months) (5 months)

Space Heating 111,600,000 Btu ..................

Water Heating 14,600,000 Btu 10,400,000 Btu

Idle Loss ............... 15,300,000 Btu

TOTALS 126,200,000 Btu 25,700,000 Btu

For the Heating Season, the calculation of the number of burner operations

for the combination of space heating and water heating may be estimated as
(126,200,000)/(22,633) or 5576 operations. In this calculation it is assumed

that the effects of short burner "on" periods for idle loss and water heating are
overwhelmed by the longer burner "on" periods space heating. For the Non-Heating

Season, however, it is assumed that short burner "on" periods are experienced,

reducing the average burner "on" period to about 4.9 minutes or half that of the

average Heating Season period. The calculation for the number of burner

operations for the combination of water heating and idle loss may therefor be
estimated as (25,700,000)/(11,316) or 2271 operations.

Using the above calculated values, an annual Heating Fraction can be

obtained using the following equation:

HFANNUAL- [(NBO_s)(BOPHs) + (NBONHs)(BOPNHs)]/(525,600)

where:

NBO _ number of burner operations per season

BOP - burner "on" period (minutes) per season

and: the number of minutes in a 12 month period - 525,600

Making the appropriate substitutions in the above equations:

HFANNUAL--[(5576)(9.7) + (2271)(4.9)]/525,600-0.124
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Flue and Stack Connector

The flue connector refers to a length of smoke pipe connecting the fluc
collar (appliance combustion gas exit) to the draft regulator, if one is used in

the system. This smoke pipe which is relatively light weight is generally made
of galvanized steel. The wall thickness of this pipe is usually about .019

inches (26 Ga. material). The smoke pipe is supplied in 2 foot lengths with

opposing ends designed to engage. The resulting joints are not gas tight and
require sheet metal screws to maintain joint integrity. The pipe is generally

un-insulated resulting in substantial cooling of the flue-gas _n transit.

Because of the relatively cool operating environment for most oil-fired

appliances the walls of the flue connector are likely to be at or below the acid

dew point of the flue-gas. Because of this condition, a solution of sulfuric

acid and water may condense on the flue connector surfaces resulting in corrosion

of the metal. Close examination of the flue connector joints, seams and surface

for signs of corrosion is required whenever servicing is performed (at least on

an annual basis). Corrosion damage left un-repaired could result in failure of

the flue connector and the leakage of flue gases into the building space.

The stack connector consists of the same sort of smoke pipe assembly as is

used for the flue connector. It provides the connection from the draft regulator

to the inlet of the draft inducer. This connector is also generally un-insulated

thus permitting further cooling of the flue-gas. The flue-gas, already cool from

dilution with room air entering the barometric damper will likely be below the

acid dew point along the length of the stack connector. The cautions for

periodic inspection and replacement apply here as with the flue connector
discussed above.

Table A-I

Vent Connector Material Thickness

Diameter of Minimum Galvanized

Connector Thickness Sheet Gage No.
(inches) (inches)

5 or less 0.013 (2J)
5 to 9 0.019 (26)

9 to 12 0.030 (22)

12 to 16 0.036 (20)
over 16 0.058 (16)

Vent Pipe and Chimney Materials

Type L Venting System [i0] is defined as a passageway, vertical or nearly

so, used for conveying flue gases from oil or gas appliances or their vent
connectors to the outside atmosphere.
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A listing, in conformance to UL 641, Low-Temperature Venting Systems, Type

L, entails meeting substantial construction and performance requirements which
are set forth in the Test Standard.

In terms of vent pipe construction, minimum material thicknesses are

stipulated for several metals:

Table A-2

Structural Materials for Type L Vent

Material Thlckness - inches

Aluminum alloys (Ii00, 3003) 0.016

Steel (un-coated or painted) 0.042

Galvanized steel (G90 coating class) 0.018

Aluminum-coated steel Type TI-40 0.018

Stainless Steel 0.012

For flue-gas conveying conduit the materials shall be:

Table A-3

Liner Materials for Type L Vent

Material Thickness - inches

Cast refractory or clay tile 0.4

Porcelain coated steel-base metal 0.026

Series 300 or Types 400 and 446 SS 0.012

Other parts in contact with flue-gas or flue-gas air mixtures at locations

beyond the terminus of the flue-gas-conveying conduit are to be made of Series

300 or Types 430 and 446 or the equivalent. The outer casing of the vent shall

be made of stainless steel, galvanized steel, or aluminum coated steel

Thermal insulation, as employed, under test shall, be noncombustible, have

products of binder combustion or volatilization discharged to vent terminus,

remain in intended position, not increase in thermal conductivity, and not show
evidence of deterioration.
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In general, tests of the vent system in a test structure at flue-gas

temperatures of 500 F (to equilibrium) and 1630 F (I0 minutes exposure) above

ambient are performed. Determination of the surface temperatures of the test

structure to meet 90 F and 175 F above ambient respectively will qualify the

system. Other specific material and structural tests also apply; see UL 641.

Masonry Chimney [Ii]

Masonry chimneys are well described in the code in terms of minimum

construction and material requirements. The level of detail is such that direct

reference to the code is necessary.

Some of the general descriptions include foundations, corbeling (structural

offsets), cleanouts, firestops, field testing, structural design, inspection and

maintenance, thimbles (connector penetrations), relining, construction

procedures, termination, and clearances.

Plastics [6]

There are a large number of plastic materials which are potential

candidates for app].icatlon in oil-flred venting systems and associated

components. The following llst summarizes some of those materials'

Table A-4

High Temperature Plastics

Generic Name H.,D, Temp.(F)* Continuous (F) Acid Res.

Polyethersulfone 410 347 E

Polyarylsulfone 400 365 E

Polyphenylenesulfide >500 >400 E

Polymide 300 - 680 340 - 600 F-VG

Polymide-imide 535 410 G

Poly-p-oxybenzoate 570 392 F

Epoxy-lmide 575 400 G

Epoxy Novalac --- 400 VG

Polyphenylquinoxaline --- 600 E

Polyparabanic Acid --- 500 E

* Heat Deflection Temperature @ 264 psi, ASTM D648
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One specific plastic material, not included in the above list, has been

used in the manufacture of PLEXVET, a system of plastic pipe and fittings, which

can be used with mid- and hlgh-efflclency gas-fired heating equipment. The

system of pipe and fittings has been assigned a 480 F rating by UL. The material

used is a Polyetherimide with a Heat Deflection Temperature of 392 F, a

continuous use temperature of 338 F, and good acid resistance (ph < 9). This

material and venting system is very interesting as a candidate for oil-fired

applications but as yet, _t is Dot UL listed _o_ oil andshould not be used for

oi_l-f_r_d venting system_,
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AN OVERVIEW OF THE BNL OIL HEAT VENT ANALYSIS PROGRAM (OHVAP)

ABSTRACT

This paper provides an overview of the Oil Heat Vent Analysis Program
(OHVAP). OHVAP is being developed in response to oil heat industry needs in vent

system analysis and is designed for desk-top PC (DOS) computers. The rational
for the development of a vent system analysis tool for the oil heat industry is

discussed in terms of the need for properly sizing both chimney and advanced

venting systems for mid- and high-efficiency oil-fired appliances. There are

unique requirements for the venting of oil-fired appliances and the features that
OHVAP will contain to meet these requirements are described. The Input Menu and

Engineering program operation are described in some detail. The Input Menu is
described in terms of the input sequence and flexibility of system representation

for the analysis. The Engineering program description contains the basic theory

behind the computational approach and a detailed step-by-step description of the

program operation as it is carried out to obtain a solution. The current

configuration of the OHVAP output is a data file format and a description of the

data arrangement is presented. The program is being validated and the current

status at this stage of development is discussed, As a result of the validation

process some changes have already been implemented and some features remain under

development. These are discussed along with future plans for OHVAP and it's

application.

INTRODUCTION

The evolution of the Flame Retention Head Burner designs from 1960 to the

present and the evolution of modern heat exchanger designs have spurred a

continued growth in the number of oil-fired mid- to high-efflciency residential
furnaces and boilers entering the market place.

In 1987, t!_ National Appliance Energy Conservation Act (NAECA) was passed

into Federal Law by Congress. This Law required that, starting January i, 1992,

for firing rates less than 300,000 Btu per hour, all boilers and furnaces must

have an Annual Fuel Utilization Efficiency (AFUE) rating of at least 80% and 78%
respectively. Many available oil-fired boilers and furnaces already exceed these

minimum requirements with AFUE ratings between 82 and 88%.

These modern heating systems are being installed as replacements for older

systems and in new construction. In the replacement of existing older systems,

the venting system, largely masonry chimneys, are often found to be oversized and

in poor repair. These masonry chimneys were originally designed for higher

firing rates and flue-gas temperatures of 600 F or more. The operationa] flue

gas temperatures for modern mid- and hlgh-efficiency oil-fired systems ranges
from about 250 F up to about 450 F at the outlet of the unit. These low flue gas

temperatures will be further reduced before reaching the chimney because of heat

loss from the flue connector and through dilution when a draft control is used

(a barometric damper is usually installed). In either case, the resulting

available flue gas temperatures are frequently insufficient to sustain adequate

draft in an older, oversized masonry chimney.
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At the present time the only qpocific recommendations for oil-fired vent

sizing reside either in oil-fired appliance manufacturers literature or in the

Testing and Rating Standard for Heating Boilers (IBR), Sixth Edition, June 1989,

published by the Hydronics Institute (HI). The information published by (HI) is

presented in terms of minimum vent areas required for a range of burner

capacities for both natural draft boilers and mechanical draft boiler-burner
units.

To provide a satisfactory evaluation of the flow and heat-transfer

dynamics of chimney and power-vent systems a transient analysis is required.

This is essential to the development of guidance for the efficient and safe

installation of new systems, and refit or replacement of existing vent systems.

In addition, there are opportunities to improve building energy utilization and

increase the base of application for oil-fired equipment through the effective

design and safe installation of power vented systems.

BACKGROUND

An examination of two existing vent analysis programs was undertaken to

establish an appropriate approach for the Oil Heat Vent Apalysis Program (OHVAP).

The first program evaluated was the GRI VENT II program, which is well

structured from the users perspective in terms of inputs for vent geometry, vent

operation and output format presentation, In addition, a Canadian whole house

model (FLUESIM) was also examined. This program provided analysis functions that

reached well beyond the goals set for OHVAP and included intensive analysis of

whole building ventilation effects on the venting system.

The OHVAP development activity was initiated using the venting system

portions of FLUESIM as a framework. The vent system analysis sub_routlnes were

rewritten to reflect the specific needs for flue-gas products from the combustion

of fuel oil. During 1991-1992 much of this rewrite was completed along with

supporting routines for data input and output. The program was essentially

completed in late 1992 with the first runs being conducted at that time_ A Users

Manual for OHVAP has been completed and validation of OHVAP is currently

underway.

SPECIAL FEATURES

OHVAP is intended to serve as a design and analysis tool for chimney and

mechanically augmented oil-flred venting systems applied to residential and small

comm&rcial space and water heating appliances.

The parameters that OHVAP will evaluate, in a dynamic manner, for oil-fired

venting systems include:

a) Vent flue-gas total and constituent mass flows as a function of

fuel-oil chemistry, firing rate, and excess air.

b) Vent system flue-gas volumetric flows as a function of firing

rate, excess air, and flue-gas temperature along the vent system.
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c) Vent system pressures as a function of flue-gas flow rate,

system geometry, natural draft, and available fan pressure along the

vent system.

d) Vent system heat loss as a function of flue-gas flow rate,

system geometry, flue-gas temperature, vent wall material

properties, and ambient conditions along the vent system.

e) Vent system surface condensation rates of water and/or sulfuric

acid as a function of fuel sulfur content, excess air, ambient

humidity, fuel water content, and vent surface temperatures along

the vent system.

The intended users for the software package includes equipment designers,

field service engineers, and researchers. The expected output from the program,

which will include equipment categorization definitions and vent sizing tables,

will be most useful for installers and service personnel.

GENERAL PROGRAM STRUCTURE

Input Med'_9

The input to the program is a menu based system which permits the user to:

design the vent system to be analyzed, specify it's operating conditions, control

the duration of the program analysis, and specify the format of the program

output. The following is a brief overview of the menu system and its major
features:

The first menu the user will see after starting OHVAP will contain four

major headings - FILE, EDIT, SETUP, and RUN.

Under the "FILE" menu, the user can perform a number of routine functional

operations such as loading a "test case" for analysis, saving a "test case" which "

the user has prepared, clesring "test case" values, displaying or changing the

directory, and exiting OHVAP.

The "EDIT" and "SETUP" menu's contain the core instructions to the user for

the "test case" preparation procedure.

Under The "EDIT" menu the user can specI.fy the following input information:

I) Geometry of System - Vent system geometry, vent system

variability and materials of construction.

2) Temperatures - Vent system operating temperatures in terms of

ambient conditions and flue-gas tlme/temperature profiles.

3) Equipment Timing Operational timing for the vent system in

terms of burner "on" period, pre- and post-purge, and cycle
duration.
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4) Combustion Parameters - Combustion conditions in terms of firing

rate, excess combustion air, and combustion air source.

5) Flow Control - Vent system flow control in terms of draft control

settings. The draft control is a special segment wherein dilution
air flow is a function of draft within the segment. Three

parametric functions of dilution flow versus draft for the draft
control are available for user selection.

Under the "SETUP" menu the user can set the controlling parameters for

OHVAP operation as follows:

I) Time Settings - Sets up the number of cycles to be analyzed, and

frequency of output printing.

2) Fuel Composition - Specification of fuel constituents as percent

by weight.

3) Relative Humidity - Indoor and outdoor relative humidity,

4) Output Settings - Output format selection as ASCII or

spreadsheet.

Having completed the definition of the "test case" the user can return to
the "FILE" menu and save the "test case" for future reference. The next step

would be to enter the "RUN" menu to activate OHVAP and start the vent system

analysis.

Program Operation

The input menu, reviewed in the previous section, permits set-up of the

parameters that OHVAP needs to commence it's calculations. One of the major

parts of this input is the vent system geometry which usually requires the users
specification of one or more "segments" of vent system conduit. A segment is

defined as any section of vent system conduit which has unique geometric,

material, thermal properties or operating conditions. Thus, any change to these

properties or operating conditions along the overall vent system conduit will

require the user to define a segment for that change. Any segment, in turn, may
be subdivided into elements which will permit more detailed OHVAP calculations

to be performed within that segment.

The user specified vent geometry, in it's most simplified form, will most

likely consist of four basic segments with one element each for a basic chimney
vented system. These four segments would consist of i) a flue connector, 2) a
draft control (Barometric), 3) a stack connector, and 4) a vertical chimney. It

is this simple system which will be used to describe the OHVAP operation. This

type of simple chimney configuration is illustrated in Figure I.

The OHVAP Engineering program, although accessed from the Input Menu

program is, in fact, a separate entity, When the program is directed to "RUN",

information supplied by the user in the Input Menu program is passed as an array

of variables for processing in the Engineering program.
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It should be noted that as defined above, the first, third, and fourth

elements, form the entire flue connector segment, stack connector segment, and

chimney segment respectively, and are very "large" elements. Because of this,

the values calculated within OHVAP would normally be considered crude estimates

of the actual segment operating conditions. They are only used in this context

as an illustration of the program operation. In actual user operation of OHVAP,

there are available a maximum of 25 elements which can distributed among the user

defined segments. It should be noted that the draft control (segment 2) shown

in Figure I is considered a special segment and is not devisable into elements.

Although it is shown in Figure 1 for illustrative purposes, it actually

represents a point of entry for dilution flow between segments 1 an 3 without any

significant size associated with it. This being the case, the flue connector

(segment I) and stack connector (segment 3) can each have 5 elements with the

remaining 15 assigned to the chimney (segment 4)_

Referring to Figure 2, the initial activity performed by the Engineering

program is the calculation of initial system and program operating conditions

from information supplied by the Input program. These conditions would include

such things as initial vent flows based on combustion conditions, and combustion

air moisture based on relative humidity conditions.

Three things occur simultaneously at this point, The program "time" count

is started at the first tlme-step and serves to track where the program is

working within the user defined vent system operational cycle. The program also

enters the routine which starts the iteratlve vent pressure calculations with the

fixed flue.gas flow calculated earlier. The "element" count is started at the

first element and serves to track where the program is within the physical

geometry of the user defined vent system.

An initial calculation of entering flue-gas composition, based on input

combustion conditions, is made. This is followed by an evaluation of total mass,

volumetric flow (based on temperature) and other properties (such as specific

heat, viscosity, thermal conductivity, and coefficient of volumetric expansion)

for the flue-gas entering the vent system during the first time step.

The program then enters the routine which starts the iteratlve calculations

for the flue-gas flow and heat/mass transfer for the first time step based on
individual elemental characteristics. These calculations form a transient

analysis based on the assumption of quasl-static incompressible flow on an

element-by-element basis for the vent system. This means that for the first and

all succeeding time steps, the pressure-volume-temperature conditions for the

initial flow entering each element is held constant for that specific time step.

This is a reasonable engineering assumption for the pressures and temperatures

occurring in the vent system. Within each element, an iterative calculation of

flow and heat/mass transfer is performed, the pressure-volt.e-temperature

conditions of the flue-gas are corrected to satisfy conservation of energy

requirements, and a solution is achieved. A more detailed description of the

implementation of this approach is offered below.

During the each time step, complete displacement of the existing elemental

gas volume is assumed to occur with the displaced gas moving ahead to each

succeeding element until the inlet gas volume for the time step is satisfied.

Mixing at the interface of inlet gas and displaced gas is assumed to be

negligible. In the event of partial filling of an element, the element will be
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considered filled with gas at mixed conditions defined by the fractions of new

and expelled gas.

Starting with the first element during the first time step, an est.mate of

the average flow velocity for the first element is known from flue-gas flow

conditions entering the system (the elemental entrance and exit flows are

initially assumed equal). For the inlet and exit of the first element, a

solution of the equation of state for a mixture of ideal gases (flue-gas) will

yield the local total pressure. Estimates of friction loss and static pressure

are made (based on flow velocity) and flue-gas elevation effects are accounted

for. The flue-gas velocity together with estimates of average flue-gas density,

and other flue-gas properties, described above, permits a first estimate of the

flue-gas film coefficient for the flue-gas within the first element. An estimate

of the exterior vent wall film coefficient is made. The physical characteristics

of the vent wall, having been defined, permits a calculation of the overall

conductance for the wall (including inner and outer gas films). The elemental

heat loss from the flue-gas, through the element wall to the ambient surroundings
is then calculated.

In conjunction with evaluation of the elemental heat transfer, calculations

are made of rate of the water vapor and sulfuric acid condensation. For the

water vapor, an evaluation is made of the gas diffusivity and the mass diffusion

coefficient based on the local flue-gas properties, vent wall temperature and

film coefficient, and the estimated liquid condensate film temperature. A
calculation follows which results in a value for the condensate mass rate

transferred per unit area to the condensate film on the vent wall. For the

sulfuric acid condensation, a similar approach is used in the form of empirical

relationships presented by Lamb [i]. These calculations yield the mass flow per

unit time per unit area of sulfuric acid to the vent surface.

The elemental change in flue-gas temperature is calculated by applying

conservation of energy requirements. By solving the fluid energy equation for

the elemental temperature change, the solution takes into account the elemental

heat loss (sensible and latent for condensate), fan work input(if any), kinetic

energy (flow velocity) change, elevation effects, and the flue-gas specific heat.

With this adjustment of the elemental flue-gas temperature, a recalculation of

the flue-gas specific volume and elemental exit flow is made. The new exit flow

rate for the flue-gas in the first element is compared with the initial estimate

of the exit flow. If this comparison fails (within certain bounds set in the

program) the iterative calculation for flow and heat transfer in the first

element is re-entered, this time with the last calculated flow as a starting

point. The iteration will continue until there is agreement between an

initiating exit flow and the calculated exit flow for the first element.

When there is agreement between the initiating and calculated exit flows

for first element, the friction loss and flue-gas elevation effects will also

have been resolved. For the inlet and exit of the first element, a solution of

the equation of state for a mixture of ideal gases (flue-gas) will yield the

local total pressure. At this point, the program re-enters the iterative

pressure loop and proceeds to the next element. Each element, in turn, has as

it's entering flow, the flow exiting the previous element and undergoes an
iterative calculation of flow and heat transfer which culminates in friction

loss, total pressure, and static pressure calculations. This continues
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element-by-element until the element count is satisfied or a draft control device

segment is reached.

For the special segment defined as the draft control device, a user

selected dilution flow versus static pressure characterization is applied. The

characterization is an experimentally derived empirical formula which will

calculate the ambient air dilution flow into the flue-gas as a function of the

local static pressure. The dilution flow is mixed with the flue-gas flow and the

resulting mixture conditions are calculated. The mixture enters the next element

at the calculated conditions and the element-by-element flow and heat transfer
iteration continues until the element count is satisfied.

The next major programmatic operation is to calculate and balance the

system total pressure conditions. By definition, the total vent system pressure

at the exit of the vent system must be equal to the local atmospheric pressure

plus the velocity pressure of the exiting gases. It is possible that the

calculated total pressure at the exit of the last element will not equal the

actual local conditions at the exit. An appropriate adjustment, upward or

downward, to the exit static pressure term of the last element is made to conform

to local atmospheric pressure. This adjustment is applied to the entrance to the

first element and the flow temperature iteration is reentered for the first time

step. The iteration continues in this manner until the static pressure

adjustment falls between prescribed bounds. This formulation of the system

pressure balance permits a solution for the total pressure (as well as the static

pressure) at not only the inlet but at any other point in the vent system.

An agreement within the above comparison of flow conditions and/or

completion of the system pressure iteration will cause OHVAP to record to a

permanent user defined file on the computer hard-drive. This file will contain

the calculated results for each vent system element for the first time-step. The

format of this file is pre-defined by the user in the Input discussed above. A

hard-copy printout of results for all the time-steps can aiso be made if so

defined by the user in the Input.

If the time-count is not satisfied, OHVAP will re-enter the calculation at

the next time-step and, in turn, start a new iterative pressure calculation.

Results from completed iterative calculations for each element and time-step will

be added to the permanent file. When the time-count for vent system operation

and analysis is satisfied, the OHVAP program will end.

It should be noted that the element-by-element "filling" approach used in

OHVAP may permit analysis of certain unfavorable flow conditions of cold-start

vent systems to be identified, particularly in the uppermost portions of a

chimney-vent system. These conditions have been tentatively identified by some

researchers as a localized back-flow in oversized natural draft chimney systems.

Under these conditions it is suggested that the exiting warm flow may not

actually "fill" the available vent. Rather, the warm gases form an upward rising

core surrounded by a downward flowing annulus of cool gas. This annulus may be

formed in part from heat loss to the vent wall and in part from downward ambient

air intrusion into the chimney from above. It is thought that this flow pattern

is unstable and mixing quickly occurs.

In the transient analysis, it is expected that start-up as well as

continuous operating conditions will be identified which predict less than
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satisfactory vent system operation where gains (elevation effects and/or fan
work) are less than required to overcome friction losses. These operating

conditions are expected to reveal relatively high (above atmospheric) vent system

inlet pressures in both cold-start and undersized chimney-vent operation. For

a properly operating natural-draft vent system, these calculations should result

in a solution that shows the summation of available fan pressure and/or elevation

effects in the vent system is greater than the friction loss of the vent system.

program Output

Presently, all OHVAP output will be displayed in tabular format in the

style chosen by the user in the output menu. The user can choose output in ASCII

format for tabular display or in Spreadsheet format for graphical processing by

another Spreadsheet program. The Spreadsheet format used is found in most common

and popular Spreadsheets (e.g., LOTUS, QUATTRO) allowing for easy importing into

other programs. In either case, data headings and their meanings are clearly
defined in the data key which is included in every OHVAP output. The default

output is the ASCII output which consists of eleven (ii) data files and one (i)
header file, all generated by OHVAP at the completion of the program.

Each data file contains one specific vent parameter as a function of time and as

a function of each sequential element. Those vent parameters are listed as
follows :

Vent Parameters:

Time/Temperature Profile
- Acid Condensation
Water Condensation

- Draft

- Mass Composition of Flue Gas
- Flow Rate

- Density
- Static Pressure

- Gas Temperature

- Liner Temperature

o Wall temperature

Other output parameters may be computed as required for the validation

process.

Currently, the OHVAP code is undergoing a series of validation procedures

which will compare OHVAP predictions with the results of experimental tests. As

required, additional tests of various vent types and configurations will be

conducted in the BNL research lab. Initially, these tests will be designed so

that their geometry and conditions can be easily modelled by the OHVAP system.
As the validation continues, more complicated and sophisticated vent system

configurations will be introduced in order to establish the broadest and most

general comparisons for the OHVAP predictions.

The data collected, will attempt to explore local flow conditions that

might be present in an actual vent system but not accounted for in the OHVAP

code. then the empirical relations generated from the data will be formulated

numerically and then will be imbedded in the OIiVAP code as required.
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Current OHVAP code validation is using data generated from earlier tests
as a preliminary comparison against ve,,c conditions predicted by the OHVAP code.

The OHVAP code qualitatively predicts the experimental data to a high degree.

The code at present is largely based on theoretical and analytical relations as

well as a complete data base of material and gaseous properties encountered in
vent systems. It is expected that the validation procedures will provide the

basis for empirical refinements to the existing numerical algorithms.

P!anned Activities:

The following is a list of the Basic Test Series planned for the OHVAP

Validation experiments. Some of the systems described are already in place but

may be re-instrumented to facilitate the validation procedure. Other systems
will be assembled as needed.

Basic Test Series:

I) Conventional Chimney (masonry) with draft control. Appliances to
be tested will include units with 82% and 87% AFUE.

2) Relined Masonry Chimney with draft control. Appliances to be
tested will include units with 82% and 87% AFUE.

3) Direct-Exhaust/Direct-Vent system. Appliances to be tested will
include units with 82% and 87% AFUE.

4) Vertical Vent Flow Simulator - To be developed in conjunction

with the analysis of OHVAP during the validation described in (i)

above. Possibilities include flow visualization and/or flow tracing

inside a special vertical vent section to be built with transparent

opposing sides. The possible methods of flow tracing include smoke

injection, illuminated soap bubbles, shadowgraph or schlieren

methods and Laser Interferometry to image the density field through
the transparent vent.

SUMMARY AND CONCLUSION

The Oil Heat Vent Analysis Program (OHVAP) continues to be under

development at BNL. It will be capable of transient analysis and is intended as

a design and diagnostics tool for vent systems and chimneys used with oil-fired

appliances. This activity was undertaken because manual vent calculation

procedures were difficult to use, time consuming and did not yield an

understanding of the transient operation of vent and chimney systems. In
addition, other existing transient analysis programs did not fulfill the specific

needs of oil-fired appliances. The detailed analysis of these systems has become

an issue of increasing importance as modern high-efficiency oil-fired appliances

replace less efficient units and many of the existing vent systems are found to

be unsuitable for the application.
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VAP will evaluate the following:

(I) Flue gas temperature, flow, and draft

(2) Condensation of sulfuric acid and water

(3) Vent spillage during starting and operation

(4) Dilution control performance as a function of draft

(5) Performance of chimney and power-vent systems

(6) The effect vent geometry, material and configuration

Current plans for the validation of OHVAP include the use of laboratory and

field data for colnparative testing of the program. VAP is soon to be available

for use by interested parties wishing to contribute to the programs validation.

A users manual has been prepared. The expectation is that finalization of the

program and supporting documentation will take some time. During 1993, however,

VAP will be used to initiate the development of venting tables in the form of
installation guidelines for oil-fired appliances.
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_:UEL QUALITy EFFECTS 0_ NOME HEAT!NG_SYSTEM_

ABSTRACT

Good fuel quality directly relates to better performance and more efficient

operation of residential heating equipment. With current challenges that the oil

heat industry has to face in the retail, business, maintaining a competitive

market requires quality and service for the homeowners. Brookhaven National

Laboratory (BNL) has investigated the effects of fuel quality parameters on

heating equipment and has developed countermeasures to ensure that quality is

maintained. In order to disseminate this information and promote the concept of

fuel quality on a practical level, a set of guidelines has also been developed

specifically for service managers to use, either as reference material or

training material for the service technicians. The highlights of the research

work and the ideas developed in the set of guidelines will be presented in this

paper.

Two major factors influence the overall level of distillate fuel quality,
the nature of the fuel itself and the conditions in which the fuel is stored,

The characteristics of tlm fuel are generally defined In terms of standards (sucl_

as ASTM or state and local fuel quality requirements). As part of the current

BNL studies, experiments were conducted to evaluate the adequacy of these

standards in terms of heating equipment performance and emissions, and al:_o to

determine the limits of fuel properties within wl_ich acceptal_le perforln;itlce i:;

attained. A primary focus will be to ewlluate the effects of fuel sulfur and

aromatics on equipment operation. In light of the changes to reffnelFy oIJerat_ion_';

to meet the requirements of low.sulfur diesel for on-hlghway use itl ]993, the

potential benefits that can be gained with the use of low-sulfur fuel in )jeating

equipment has also been evaluated.

Tl_e storage ¢::onditiot] is perhaps tI_e most iml)ortant of ill(:fac:t:or.,;tl_:tt

ultimately affects fuel q_ali+ty. Much of the perceived fuel relat:.ecti_roblc.,in:;

such as clogged filters an{l nozzles are caused by contaminatiorl. I'litlilnizillg av_{l

preventing reoccurring problem:-; require an understandilig of what to look fr, l-, h.w
to evaluate it, aTld wl_at: t:o do n_,:_.t. A great deal of li. terat.,_re [:._ a'.,,_til,lbl_ t:o

accompltst_ this t:a.,;k. A :_et of guidelir_es _leveloped in a :_.,t:);tl:;ll:_, bo,_klc, t

entitled, "Maintena1_ce and Storage of Fuel Ot] for Re:_[{tential l{e.ati.rlg ,'-;7:_tc,ln:,;,"

provides a r(., [ e 1"_,lie.'e to re._o_a rces availablc_ atl(l ._e rv,:_ _; ay; ,'._ :1{;t1"{7 t_)

understanding a_l at:t:a<kitlg this issue.

INTRODUCTION

Two mait_ factor.'; infl,_e_cc,, the overall q_t;ility of distillat.e f, ml t}_c_

propertie:s of- tile fuel, a_d the collditiolls associated wi. tl_ its stor:_g_,. '1'1_,

specific properties of the, fuel can affect comb,tstio_l perform,'_nce a_l [l.,.t{. ga.';
emission,s. Comb,tsti.o_ t_erforlnan_:e can be define(l by tl_e excc'se; (1[1" I'{,flll[l'_,lllell[.

for clea_ bul:rtitlg, ig_iti_t q_;_lit.y, ,'_tl_l exni._;._;ion._; ChalTaCt_.lTisti<:; (_:;_ll)r}ll

mono:<tde, o:.:ide:-; of _i trogc, n, an(t :;moke). It_ tltese :;t.ucltes, ill(, (_flTf,cte; (_I (_{:1

viscosity, aromatic: (:ont{_t ,'lt_{l .';ul.f_tr collttellt }lave I)e{'.ll e.v;_l_tat_,ct. 'I'l_,.';_. f_t_,l

properties are gr:nc_.r,'tlly ¢lefi. ned i.n t:c_rms o[ AS'I'M standards. For No. 2 oil tl_,_

ranges of typical or acceptable values are, 1.9-3,4 cSt (at 40 C) _.7or v[:-;co.'sit.y,

30-35_ for aromatic co_t:ent, and a maximum of O,5'_ sulfur , Tt_e rc_,q_ireln¢.,_t for
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aromatic content is not explicitly defined in the ASTM, however, its content is

limited indirectly by other requirements such as specific gravity. Aromatic

components in the fuel are more dense and tend to increase the specific gravity.

Also as part of this work, specifically blended fuels were used with properties
extending beyond the ASTM limits to determine the range within which acceptable

performance is possible.

BACKGROUND

The amount of sulfur in the fuel directly affects the amount of sulfur

oxides emitted from combustion sources. For oil-burning, residential heating

systems these emissions are typically very small compared to other sources and
are on the order of 36 Ib/lO00 gal (roughly I_ is in the form of sulfur trioxide

and the remaining as sulfur dioxide), assuming a typical sulfur content of 0.25_

[1,2]. Sulfur trioxide can further convert to sulfuric acid which contributes

to the corrosion and fouling of heat exchangers in the boiler and furnaces.

In diesel engines, the fuel sulfur and aromatic content has been found to

be the most important factors contributing to emissions of particulate and sulfur
dioxide [3]. In an effort to improve ambient air quality one of the new

regulations under the Clean Air Act Amendments have placed new restrictions on
the limits for sulfur and aromatics content to reduce particulate and sulfur

dioxide emissions from engine exhausts. By October 1993, diesel fuel used for

transportation will contain reduced sulfur, at 0.05_ wt maximum (as compared to

the typical value of 0.25_), and aromatic levels will be held at or below current

average levels (approximately 34_), Since both diesel and No. 2 heatirlg oil are

currently derived from the same pool and can be used interchangeably, studies
were conducted at BNL to quantify the effects of sulfur and aromati_:s o11

emissions from residential heating equipment.

The viscosity of the fuel is another property which can significantly

affect oil burner operation. Although other fuel characteristics remain constant

and are determined by the refining and blending practices, the viscosity carl

fluctuate markedly with variations in fuel temperature. The effects are most

prominent during winter operation when fuel oil is subjected to outdoor ambient

conditions. A decrease in temperature causes a rise in viscosity', associated

operational problems which can occur include loss in fluidity of tlle filel, poor

atomization, and inefficient burning requiring additional excess air,

EXPERIMENTAL

Studies of the effects of changes in fuel properties on burner performance,

and emissions are complicated by the fact that few changes in fuel properti_s can

be carried out independently. For example, varying the aromatic content will

undoubtedly change other properties such as the density and the dlstillatioll end

points. For this study, BNL worked with a petroleum refinery to obtain the fuel

samples which were specifically blended to provide the properties of interest.

In order to investigate the effects of a specific property, the others wero lleld

constant to within an acceptable range, as dictated by the ASTM.
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Emlsslon_ Testln_

A series of combustion tests using several different burners were performed

to look at the effects of fuel sulfur content, aromatic content, and viscosity.

By custom blending the fuel and analyzing its components, each of the fuel

properties were examined individually while keeping the other properties within

a constant range. Refer to Table i for some of the characteristics of the test
fuels. Three burners were used to conduct these tests, a flame retention head

burner, a high static pressure retention head burner, and an air atomizing
burner. The nominal firing rate for each test is 0.5 gal/hr.

All operating conditions were initially set for each burner and test fuel
to achieve the same Bacharach (ASTM D2156) Smoke Number (No, i) at steady state,

The draft was adjusted to a low level (less than 0,005 in, wc) to minimize air

leakage around the seals of tileboiler, The excess air level for each test was

set at 10% higher than that required to obtain a Smoke No. I on the Bacharach
scale. This was adjusted by monitoring the oxygen level of the flue gas, Under

cyclic operations the burrer was set to turn on for 5 minutes and shut off for
15 minutes.

During steady state operation when the ell burner stays on continuously,
flue gas emissions, such as carbon monoxide (CO) and particulates, are

negllglble. Elevated concentrations of these flue gas components are observed
only during the startup and shutdown periods in cyclic operation. During tl_ese

transient periods, emissions of nitrogen oxides (NOx), CO, and smoke tlumber are

recorded over several cycles. The peak values or concentrations are averag.d and

reported in the next section.

For som,._ of t|le tests, the total particulate matter emitted as s(_(_t was

determined by gray|mettle analysis. Using a modified EPA Method 5 collec'tioll

train, filterable particulates emitted over many cycles were collected a1_d

weighed, In order to collect enough samples for weighing, each test required

approximately a minimum of 24 hours of burner operation. These studies were

conducted to determine the benefits, if any, which can be realized by u:;ing fuel
with reduced sulfur (0,O5% wt.), and low aromatic content (17% vol), Tlle

aromatic content selected is roughly half of the amount coutalned |I_ tyI_ica|

distillate oil, All emissions data are compared wit:h the l_aseli11_'[_el wl_ic.l_lla:;
characteristics resembling the typical No. 2 oil,

RESUL'rS

Some of the results from the data collected with a flame fete|It[oil|lead

burner are shown in this section. The simplest measurement that can be made i'_

the smoke number which is Ineasured with the Bacharach spot test (ASTM D2156).

This is a method to evaluate the smoke density of the flue gas. A curve showing

the smoke number varying as a function of excess air level provides a measure of

burner performa1_ce with the test fuel. Figures I and 2 i]Ittstr_it_,the eff_oct:_

of sulfur and aromatics ut_der steady state operating conditions, These r_sult:;

show that under steady state conditions, burner performance does not vary wltl_

sulfur content (up to .70% S) or aromatics (up to 55.5% - High Atom). Sllgl_t

degradation occurs only at the aromatic concentration of I00_, wl_ich Is at a

level that would not be found with typical No. 2 oil, It is likely that a l_urner

which is out of tune, or ullfavorable changes to operating conditions, (.'atlcause
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Smoke No.
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Figure 1. Smoke number vs. excess air with varying fuel sulfur content
Steady state operation
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Figure 2, Smoke number vs. excess air with varying aromatic content
Steady state operation
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ASTM Limits

Sulfur, wt% Viscosity,cSt (at Aromatics, APi gray

Fuel Type 0.5% max, 4OC) vol% 30 min
1,5 - 3.4 no limit

i _ :: _.n r .... ,,,,_ , ,,, , ,i -- ,,if,,,, ,,. ...........................................

Baseline O.26 2.3 33,6 35.6
. ,lu.............. j .................

High Sulfur O,7 2,1 ND 34,8
__ ,,,,u I iT,l, - ',I 'II m_,,,,..,,_ .... r ,,'

Low Sulfur O.O37 2.8 33.5 36
) .......... i0 ......i mll] ± _ l]llr z mlll ................................... _ ......

Low Aromatic O. 271 2.6 16.6 42.7
..... -:-[ r ...... 1 1 ............ i 11111iiJ ...... iiI ....... illi......... _ i_ .......

High Aromatic O,25 2,3 55,5 30.9

All Aromatic 0,0035 2.36 I00 14
.... j ........ , ,,,,, , - _ ; + . _ ....

Low Viscosity 0.25 1,6 33,2 38,4
....... .... ,uL, = ,Hu,L ._L,t J, :,,_ ,,,,,, . +-- __

High O, 31 5,0 38 35,2

Viscosity
, 1,,, 11, ,,,u_ _ ,,,,, :1 , , J .L ......__1,,1'11 t 1.,. : i, , ,,,,,,,J ,, .. ,,i[ _ _:

Hi Arom/Visc O.12 8.0 76.7 27,6

ID ' No Dace " ............ ......................

Table I. Test Fuels

this same degree of degradation or even higher. In other wo_'ds, cl_anges to

equipment and operating conditions have a bigger effect on burner l)_,rformance
than the effect of fuel type with varying sulfur or aromatic contetlt. S+_lfur

content does correlate wit|_ }_eat e×changer fouling rates', the lower tl_e:;ulfur

the lowe:r tl_e(le,positir)t_rat{+,s, This result is part o[ the ot_goit_gB_;I.l+r(,grar'

to ,_inimize soot: formation in oil-flred h{_ating sy._;tems.

Muci_ larger effects are found with fuels with varying vi:;(:,}sities,

Viscosity can fluctuate slightly from one batch of fuel to the next, but ov(:rall

changes are dominated by the effects of fuel temperature, For these tests, fuels

were specifically blended to obtain a broad range of viscosities. Duril,g st_+a+l')

state operation, burner performance varies slightly with viscosity (up to 5 cSt).
However, more dramatic changes are observed during cTcllc opeeatlon, Fi.gtlre

shows peak smr_ke valtte._;for the startup transient period. For compari:;oti, t:li(,
values for fuels witl_ (tifferent aromatic content were il_cluded. A:; [,L¢_l

viscosity increases substatttially poor atomlzattotl can occur. Figure. J :;flow:;

that at high viscosities (at approximately 5 cSt) .,;reekycoI,(iltic,t,swill _cctuz:

during cyclic operation. When the boiler unit is running during steeply st:it.e.

the combustion chamber and the ell reclrculating wlthin the burner does not

cool, the oil flows continuously at a constant rate and the transient effects
during startup (or shutdown) is minimized,

Carbon mono:<ide exhausted with the flue gas results from ir_r:omple, te
combustion. I't_is can be caused by insufficient fuel-air mixing or insttffici_,tttly
high temperatur_._s witl_fn t:t,_ combustir_n zone. These conditiot_s get_erally o(:(+ur
for a very s}_ort time (al:,r_,,t 30 .,;econds or le:]s)durit_g :_tartul)peri(,¢l:;:,t,(lwill

re,_ttlt in l_ighpr _;0 full,_:;i()t_:; ',_t_en co!npared to the stea¢l,/ p_:rir, d:; _Ittrin_ _}t{, {,t_-
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Startup Smoke No.
10 .....................:-- ii iiiirinlli " : ...... __ r i

CO(ppm)
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cycle. The peak values are averaged over several cycles to provide a comparison

of maximum concentrations during these transient periods for each fuel type,
refer to Figure 4. These results follow the same trend as the smoke number

measurements taken during startup,

The major source (80%) of nitrogen oxides in the flue gas when No. 2 oil

is burned in air is formed from the atmospheric nitrogen. Nitrogen oxides (NOx)

concentrations increase after the start of the on-cycle and will reach a steady

level; when the burner is shutoff levels will drop, Average NOx concentrations

measured during the on-cycle for a particular burner does not vary much with fuel

type under the same operating conditions. The amount of nitrogen in the fuel is
usually small. Different burner types can exhibit different NOx levels,

Filterable particulate matter in the flue gas were collected and analyzed.
These tests were conducted with low sulfur and low aromatic fuels. Two

measurements were made with each fuel type. The results are shown in Table 2.

By comparison, there are negligible differences in particle concentration among
the test fuels.

-L I _ ---- .. -_ im f!i,,!+ ........__ +_-+ i_. - "Iii .......liW¢i-- _ , ;_; _ _........e_ ,,u_, _,v__&il;_m''?'"'_ 'i,';i'

Fuel Type Particulate Emissions (Ib/milllon Btu)
-- . _ ..... ...... iiilii ii _ i ...... [ I I IlillI _ ii.A.,,_III

Baseline Min, O,0014
Max. O.O018

Avg, O.0016
-- +. +.. , ,,,,,,,,,,, , ,, , -- __ - .... .... _ ..... _ +--- , ,,,,,,,,_.........-- , ,,, ,, _ ,

Low Sulfur Mln. 0.0020

Max. 0.0024

Avg. O.0022
-- ,, -- , -+ . ,, , ,,,,, , ,, , . _- ,j -+ _ ,, . ,,,,,, , , ,,,,, , __ J -- _ , ...................... _ _ , , __

Low Aromatic Min. 0,0016

Max. 0.0016

Avg. 0,0016
-- _ _ _: ::nil _ . m_ ll_fT] r lZ::;i" ! t JITf -- iLl.r:: R'I_. II[IIU_ 'J- ffTl_rlll]rT L -_II-'"_'!"_""_'-FIr i i -_ I_IL _i] J_L_ :ill+ !J!_l -- I-'!l :l ' j : i{]!l'_---- i,_i_2 : J!!!_ I

Table 2. Particulate. Emissions with low sulfur and law aromatic fuels

CONCLUS IONS

The type of burner, how it is setup and the operating conditions of the

system are itnportant factors to consider when evaluating combustion performance,
Based on tl_is study, thes_ factors outweigh the effects of variations in fuel

property, especially if the properties do not exceed such ranges as those

established in th_ ASTM limits, The fu_l viscosity is one of the most important
properties affectit_g performance because it varies to a great extent with fuel
temperature, and affects the atomization of the oil.

DISCUSSION

At the et_d of 1993, low sulfur distillate fuel will bee.elseavailable for

transpot't:at_iott t_s;¢+,Altl_otigl_ tl_ts study shows very small (liff'erence,; iI_ )_e:_ti.I_g
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system performance with fuel of varying sulfur content, in terms of particulate,
CO, and NOx emissions, other benefits can be realized with using low sulfur fuel.

Sulfur oxides (SOx) emitted to the atmosphere will be reduced because the amount

of SOx in the flue gas is a direct function of the amount of sulfur in the oil,

A small portion of the sulfur oxides (less than 5%) converts to sulfuric acid in

ambient conditions. BNL currently has an on-going study to evaluate the effects
of acid deposition on corrosion and fouling of heat exchanger surfaces in

residential heating systems. Preliminary results indicate a correlation between
low sulfur fuel and reduced fouling rate.
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RESIDENTIAL _EL QUALITY STUDY

INTRODUCTION:

How many times can we fix the same problem? Answer: As many times as we
want.

I suspect others of you have had an experience similar to the following.

My company has spent tens of thousands of dollars on reducing customer fuel

system failures. We have bought only low sulphur Colonial 76 grade heating oil,

we clean our bulk storage tanks annually, we have installed large capacity

filters on all our customer's fuel lines, we have treated our fuel with various

chemicals for the better part of ten years. After all this, fuel system failures

continue to be the number one cause of in season heating system failures among

our customer base. Why is this?

We don't fully understand the mechanisms causing the tank contamination in

the typical residential condition.

We have not cultivated a working relationship with the refiners who might
have the answers.

Based on incomplete knowledge we select solutions based on hunches.

Most importantly once we have implemented a corrective action we fail to

carefully measure the results and therefore never accurately know what solutions
work.

With this in mind our company launched a campaign to solve this problem,

ONCE AND FOR ALL (we hope).

Purpose of study:

To determine the cause of in season fuel system failures and to develop a

strategy to greatly reduce such failures.

Step #I:

Develop a method for identifying and quantifying the fuel system failures.

a) Generate a monthly report of the number of filter changes excluding

annual maintenance and new installations (this is a valid measure at our company

because 99% of customers have a filter).

b) Download statistics to spreadsheet program and analyze results.

Step #2:

Sort filter changes by:

Change date

Change date compared to delivery date
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Town

Service technician

Tank Size

Annual consumption
Account #

Service plan

Service call type

Delivery size vs. tank size

Tank age statistics are unavailable but enough anecdotal evidence exists

of problems in young tanks to conclude that the failure mechanism is not

necessarily due to tank age.

Observations to date:

o Change rate for u/g 550 tank was double that of inside 275's.

o Over 30% of failures occurred within one day of a delivery.

o In a six month period one third of filter changes were made on 1% of
the accounts.

o Filter change rate varies with total deliveries very precisely.

Between October and February the rate per I00,000 gallons delivered

varied from the highest month to the lowest by only 15%.

o Perhaps the most important result of this study is the establishment

of accurate baseline statistics for the customer population. We can

now examine the problem and try different solutions on discrete

segments of our customer base and precisely monitor the results_

So now what do we do?

Suspected Cause: Delivery practices resulting in excessive agitation of tank
bottoms.

Proposed Action: Replace "whistle pipes" with one that will break the flow of

oil into tanks (see Figure i).

Result: Failure on 550's dropped 30% (see Figure 2).

Suspected Cause: Biological contamination of tank bottoms_

Proposed Action: Sample a group of tanks for biological and begin treating

customer tanks in one town with a proven EPA registered biocide.

Result: I0 random tanks and iO problem tanks were sampled. All showed some

degree of biologicals with the problem tanks being more heavily contaminated.

Treatment was begun on February I, 1993. The percentage of failures in the test

town had been running between 7.8 and 11.6%, average 9.3% of filter changes for

the 5 months prior to treatment.
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Failures in February were 8.2% of customer base which is at the low end of

the scale but the test town has a high % of 550 tanks so the decrease can be

attributed to the new fill procedure.

One concern was that killing biological would lead to a short term increase
in failures--this does not seem to be the case.

Biocide treatment is not expected to be a short term fix and we intend to

closely monitor results in the test area on a long term basis (see Figure 3).

Suspected Cause: Filters could actually be causing the problem. Either by

providing a site for biological growth, breakup of the filter itself, rapid

filtration efficiency increase due to removal of particles that would otherwise

pass the nozzle or some other mechanism.

Proposed Action: Replace felt media filters in one town wlth continuous filament

(white) filters. Begun 3/8/93, no results to date.

Suspected Cause: Fuel degradation due to unstable fuel or some catalytic

acceleration of the fuel degradation. There is much evidence that the presence

of copper in the fuel system acts as a catalyst to break down fuel into insoluble

particulate (alias sludge). In a two-pipe system with copper lines fuel is being

continuously exposed to copper.

Another factor contributing to the rapid degradation of the fuel in a two-

line system is the constant aeration of the fuel. In a typical residential

system with a single stage fuel pump the oil is being recirculated at a rate of

24 gallons per hour. If the unit is consuming I0 gallons per day at i gallon per

hour then 230 gallons per day are being returned to the tank. This means a 550

gallon tank is being turned over once every 2 days, introducing plenty of air
into the fuel to facilitate oxidation.

Proposed Action: Treat fuel with a stabilizer and metal deactivator to stop the

catalytic reaction. Scheduled for distribution to entire system in the spring

of 1993. Results possible by next winter.

Suspected Cause: Tanks with severe long term accumulations of sludge.

Proposed Action: A) Promote tank replacement, and B) Investigate in place

filtration systems to agitate and suspend sludge, filter and treat with biocide,

stabilizer and metal deactivator and replace.

Conclusion:

Much study has been done on fuel degradation, biological growth and other

mechanisms for bottom sediment formation. Brookhaven has developed a very good

guide on the storage of fuel oil. The work that lies ahead is applying the

finding of this research to the particular conditions found in our customers'

fuel systems and identifying practical cost effective solutions.

Solving problems like this suggest some exciting possibilities for

cooperation between fuel dealers and Brookhaven National Laboratory. This type

of study can serve as a model. As dealers we have the resources to try new
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products and techniques and the computer systems to collect data and track

results. As an active arm of the Laboratory we can produce real results in a
cost effective manner.

Some might say that we are too busy and overworked and our industry is too

competitive for us to afford the time for such research. The fact is that as an

industry we find the time to change thousands of sediment clogged filters and

nozzles every year. The alligators are living in the bottom of our customers

tanks, we need to stop embarrassing ourselves by wrestling the alligators in

front of our customers and start draining the swamp.
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UNDER GROUND TANKS AS A PERCENT (%) OF ALL FILTER CHANGES
USING NEW FLOW BREAKING "WHISTLE PIPES"
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Figure 2
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WESPORT PERCENT (%) OF TOTAL FILTER CHANGES
USING EPA REGISTERED BIOCIDE TREATMENT
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Figure 3
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FOULING OF OIL-FIRED BOILERS AND FURNACES

INTRODUCTION

Fouling of the heat transfer surfaces of boilers and furnaces by "soot" leads to

reduced efficiency and increased service requirements, The average level of

annual efficiency reduction due to fouling is generally taken as 2% per year.

Brookhaven National Laboratory (BNL) is currently studying causes of soot fouling

for the purpose of identifying practical methods of minimizing these deposits.

Studies of the fouling process in full sized boilers is difficult because of

generally poor access to the heat transfer surfaces. Studies which include

efficiency degradation as a measured parameter must be done over long time

periods (months) to obtain efficiency changes large enough for measurable and

repeatable results, Work at BNL has focused on the development of more rapid

fouling tests which permit fouling deposits to be repeatably weighed and

analyzed. Preliminary studies were done using water-cooled stainless steel

fouling probes [i]. This was followed by the development of a test which uses

controlled temperature test sections where fouling deposits are formed on

materials actually used in boilers and furnaces. This system, which has been

used for essentially all of the results included in this paper, was introduced

during the 1991 Oil Heat Technology Conference if]. It is described as well in
the next section.

Earlier studies at BNL as well as analyses made of deposits removed from boilers

in the field, have shown that the fouling deposits are primarily composed of two

parts- carbon derived from the fuel oil and iron sulfate scale. During

combustion 99% of the sulfur in the fuel is emitted from the stack as SO 2. The

remaining I% of the sulfur is converted first to SO 3 and then to sulfuric acid

(HzSO4) in the flame zone. The sulfuric acid condenses on the relatively cool

heat exchanger surfaces and quickly corrodes the iron to form iron sulfate scale

[2j

Factors which control the fouling rate include the fuel sulfur level, the burner

excess air (controls the SO2/SO 3 ratio), and the surface temperature which

affects the acid condensation rate. If the surface is above the acid dewpolnt

(about 220 F) corrosion occurs only by attack from the gas phase. If the surface

is below the acid dewpoint but above the water dewpoint (about 120 F) corrosion

occurs by t+ne direct condensation of sulfuric acid on the surface, This is the

normal s{uuation in heating boilers. If the surface is cooled below the water

dewpolnt corrosion rates are greatly increased. This paper reports on studies

of fouling rates with cast iron boiler surfaces, steel boiler surfaces, and

furnace surfaces. Effects of the sulfuL level in #2 oil, excess alr, and

temperature trends during the burner-on period are discussed.

EXPERIMENTAL

Figure I illustrates the arrangement developed during this work for rapid studies

of fouling, A conventional steel boiler has been modified to allow extraction

of a part of the combustion products from the back end of the combustion chamber.

About 10% of the total boiler gas flow is drawn through the fouling test section.

Here the gas passes through four test sections which are either water or air

cooled. In the water cooled system the test sections can be maintained at
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constant temperature by circulating water from an external water bath.

Alternatively, the test sections can be cooled with water circulating from the

boiler and, in this case, the surface temperature cycles along with the boiler
water temperature. This second approach was used in all tests included in this

paper, Each of the four test boxes has a face (4" x 4") which is exposed to

the hot gas, After each specific fouling test these can be easily removed and

the surface deposit recovered for accurate weighing and analysis. Typically, 24

hours of cyclic operation was found to be a sufficient time period to recover

enough deposits. Tests with longer time periods (to 3 days) indicated

essentially a linear fouling rate,

To simulate furnace conditions the fouling section surfaces were cooled with air

flowing across the back face as shown in Figure 2, Thin foll thermocouples were

mounted on the back (cool) face of the fouling surface to monitor temperature

trends during the firing cycle, On one of the air cooled furnace surfaces four

foll thermocouples were mounted to evaluate surface temperature uniformity,
Figure 3 shows the trend in each of these four temperatures measured on one plate

during a typical test. The uniformity indicated by this data was seen as

adequate for the purposes of this project.

After each fouling test the surface deposits were carefully removed by brushing
and water rinse, in addition to measuring the mass of the removed deposits,

analysis was also done to determine the soluble iron and sulfate ("wet"

analysis). The balance of the deposit was assumed to be carbon and for selected

test conditions this was confirmed by more detailed analyses using Electron

Specroscopy for Chemical Analysis (ESCA) and Infrared Spectroscopy (IR),

in tests intended to simulate fouling of cast iron boiler surfaces the fouling

test sections were cut from a pin-fin section of a new cast iron boiler.
Similarly test sections for steel boilers and steel furnaces were donated by
manufacturers.

During this program the effects of fuel sulfur content on fouling rate were
evaluated, To accomplish this a set of test fuels was obtained, with cooperation

from a refiner- Phillps Petroleum Co. of Bartelsville, OK,, which had varied

sulfur content but all other properties constant, This provided a good
evaluation of the effects of sulfur content alone.

RESULTS

SURFACE TEMPERATURE

In prior studies at BNL, with water cooled surfaces, it was shown that fouling

rates increase dramatically when the surface temperature decreases below the

dewpolnt of water vapor [I]. This might occur in the case of a purge type boiler

for at least the beginning of the firing cycle. In the case of a furnace, Figure

4 shows the effect of the surface temperature at the end of the firing cycle on

the total fouling rate. This data was obtained during sustained cyclic operation
with a burner on-tlme of 5 minutes and off-tlme of 15 minutes, In this case a

higher temperature at the end of the firing cycle is achieved by reducing the
cooling air flow. As the air flow is reduced and the surface temperature at the

end of the firing cycle is increased the fraction of the total burner on-time for

which the surface is below the dewpolnt of water vapor is reduced.
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FUEL SULFUR CONTENT

Increasing the fuel sulfur content generally increases the concentration of
sulfuric acid in the combustion products and the rate of deposition of sulfuric

acid on the heat exchanger surfaces, Figure 5 shows the rLsulting effects on

fouling rate with the cast iron boiler surfaces. The top llne in this figure is

the total rate of accumulation of deposits on all four surface._, The llne Just
below thls Is the sum of the measured soluble iron and sulfate removed from the

deposit. The difference between these two lines is the carbon in the deposit as
discussed above. These results clearly show the strong effect of fuel sulfur

level, Typically heating oli contains 0,25_ sulfur and at _._Is level the iron
sulfate is roughly 70_ of the total deposit mass, As the fuel sulfur level is
reduced toward zero the relative contribution of the carbon part to the total

deposit becomes increasingly important,

Figure 6 shows the results of a similar set of teats with steel boiler sections,

Results are generally similar both with regard to the magnitude of the fouling
rates and the effects of sulfur content. Figure 7 shows the effects of fuel

sulfur content on total fouling rate for the air cooled "furnace" sections. In

this case only the total deposition rate was measured for all of the four test
surfaces combined. A detailed iron and sulfate analysis was done only for one

of the four surfaces and this is shown in Figure 8, Results are similar

although in thla case the carbon deposit is more significant than the iron

sulfate deposit.

EXCESS AIR

Reducing burner excess air level reduces the fraction of fuel sulfur which is
converted to sulfuric acid in the flame. This in turn reduces the rates of acid

condensation and formation of iron sulfate scale. Operation with very low excess

air levels is common practice in very large boilers, in part to minimize acid

corrosion of heat exchanger surfaces at the back end of the boiler. In tests
done on cast iron and steel boiler surfaces as well as furnace surface operation

with very low excess air was found to reduce the total fouling rate if the burner

operated without soot, This is demonstrated in the case of cast iron surfaces in

Figures 9 and i0, To achieve very low excess air levels an air atomized burner

(Airtronlc) was used, This feature of very low excess air operation is expected
to be an attractive feature of advanced burners, If a conventional burner is

operated at very low excess air smoke number is high (over 2), In this case the
rate of formation of iron sulfate scale is reduced (relative to the same burner

at high excess air), but the rate of collection of soot on the surface increases.

The result is a great increase in both the total fouling rate and the fraction

of carbon in the collected deposit,

CONCLUSIONS AND FUTURE PLANS

The rapid fouling test developed at BNL has been found to be a very useful tool

in studying the effects of burner and heat exchanger parameters on fouling rate,

Generally iron sulfate scale formation was found to be a very important parameter

and anything which reduces this formation rate will reduce fouling, This
includes avoiding the water dewpolnt temperature on the surface, reducing fuel

sulfur content and operating without soot at very low excess air levels.

To demonstrate the primary conclusions of this wet|< on a practical level two

identical boilers have been installed in the BNL lab. These will be operated with
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identical cycling conditions to demonstrate the effects of low boiler water

temperature, low fuel sulfur content and ultra low excess air operation on

fouling over extended time periods. Unlike the rapid test method developed at
BNL these tests will each be conducted over 4 months of cyclic operation. These
boilers will be both controlled and carefully monitored by the BNL lab computer

system.
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Figure I. Illustration of BNL rapid test for heat exchanger fouling. Fouling test sections
are shown as a modification to a conventional steel boiler.

Figure 2. Top cross-section of air-cooled fouling test section.
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Figure 3. Fouling tests with air-cooled (furnace) sections. Temperature trends during
tyoical firing cycle. Four surface-mount thermocouples on one section.
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Figure 5. Effect of fuel sulfur content on total fouling rate and rate of accumulation of
iron sulfate scale. Cast iron sections. (Note: difference between top and lower
line is primarily carbon deposits).
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Figure 6. Effect of fuel sulfur content on total fouling rate and rate of accumulation of

iron sulfate scale. Steel sections. (Note: difference between top and lower line
is primarily carbon deposits).
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Figure 7. Effect of fuel sulfur content on total fouling rate. Air-cooled furnace sections.
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Figure 8. Effect of fuel sulfur on fouling - air cooled furnace sections. One of the four
sections only. Showing carbon, iron sulfate and total deposit.
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Figure 9. Effect of excess air on the total deposition rate. Cast iron test sections both a
pressure atomized and an air atomized burner are shown.
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Figure 10. Effect of excess air on the rate of accumulation of iron sulfate deposit. Cast
iron sections. Both pressure atomized retention head burner and an air atomized
burner are shown.
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AN ASSESSMENT OF FUEL OIL HEATERS

INTRODUCTION

The viscosity of No. 2 fuel oil affects heating equipment performance and

varies as a function of fuel temperature, The nominal viscosity of No. 2 heating

oil can range between 1.9 and 3.4 cSt (at 104 F) as specified by the ASTM. When

fuel temperature decreases, such as during the winter season, the viscosity can

increase substantially and poor atomization can occur. Methods to heat the fuel

are sometimes used to inaintain the viscosity to within the acceptable operating

range. Nozzle line heaters are available commercia]ly and can be used for

preheating the fuel before it is atomized. These ,ire designed as retrofit

devices and, in some cases, as original equipment in a new burner. This paper
describes work done at BNL to assess the benefits of such devices and other

heating methods.

Experiments were conducted using fuels with temperatures ranging from 40

to 120 F, A home heating system or fuel supply which is stored in an unheated
basement or outdoors can become as cold as 40 F and lower. In such cases,

improved burner operation can be achieved if the oil is preheated. The maximum

temperature may be practically set to the level when nozzle after-drip starts to

occur. If the temperature is too high fuel oil can drip out of the nozzle

assembly when the burner is off during cyclic operation, This is caused by the

expansion and vaporization of hot oil at the nozzle tlp,

EXPERIMENTAL

Several methods of preheating the fuel were evaluated. One unit awlilable.

for retrofit consists of a small cartridge heater which clamps onto the fuel line

just behind the nozzle. In a single stage unit, the electrical heating element

is self-regulating. It is powered continuously and maintains a fuel line

temperature of about 120 F. Another similar type of heater was also tested wl_icl_

is actually an integral part of the ftlel line. Installation requires replacement

of the nozzle assemb]y. 'Fllissecond unit has a two stage lleater, one which is

powered during tlle o[if cv(:le and a second, more powerful heater, w_lic]l is powered

only when the l)urtler is oil.

A modified version of the commercial heaters was made in the laboratory to

provide flexibility for additional tests. The nozzle assembly and fuel line

inside of tl_e l),It'Ilerhousitlg were wrapped with electrical heating tape azl(l

insulated, Tlle electric power to the heater was controlled to acl_ieve a range

of temperatures. Thermoco_iples were installed to monitor the nozzle assc,lnbiy and

fuel line temperatures.

To quantify t:lle effects on atomization from nozzle lleating, illeastl1"_'Illt-,tlts

were made of the spray clr(3p size (Iistribution over a range of fuel liIl_,at1(I

nozzle temperatures. The drop size measureme_ts were made L_sillg a commercial

particle sizer based on Fraunhofer diffraction. Oil pumped from a con'_'elltioIlal.

burner was either heated or cooled in a 4-foot long double pipe heat exchanger

before being atomized. Circulating water from a controlled temperature I)atllwas

used to maintain the desired [uel temperature. The system was arranged to
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provide uniform temperature of the fuel line and nozzle assembly. Atomized fuel

passing a laser measurement beam was collected in a vented chamber, which

prevented drifting of the smallest drops back into the measurement beam and

skewing the measured size distribution,

Another device which has been of considerable interest to the industry is

described as an oil deaerator. This device is installed in a one pipe system and

its primary function is to deaerate the oil before reaching the burner, it is

basically a reservoir that is connected to the pump and to the tank by means of

one suction line. Bypass oil is returned to the device where any air in the

system is vented and returned to the pump along with fresh oil. The benefit of

the design, as suggested by the manufacturer, is that nozzle afterdrip is reduced

and combustion is improved. It was suggested that there are other added benefits

because the device also preheats the oil by utilizing the gear fr[ctlon of the

pump. The effectiveness of this device for removing air was not tested, but only
its effectiveness as an oil heater.

The standard ASTM smoke spot test was used to compare burner operation with

fuel at varying temperatures. The smoke density was measured d,._rlng the

transient startup period when the burner turns on in a cyclic mode. 'FlleASTM

method was modified so that a continuous sample could be collected during the

entire startup period. The total sampled flow volume was set to marcel the ASTM
standard,

The effect of nozzle line heating on the rate of fouling of boiler heat

exchanger surfaces was meas_red in some of the experiments. This was done using

the Fouling Test Facility developed at BNL [l]. In this test combustio_l products

were passed over special boiler heat exchanger sections whict_ were maintained at
carefully controlled temperatures. These small sections were easily removed

after a test period and the mass of soot collected was accurately mea_ure.d. The

deposit was also analyzed for chemical constituents. The deposits from ca:_t irol_

and steel boiler surfaces contain two primary compone.nts, iron sulfate scale and
carbon.

RESULTS

Atomization Tests

The effect of variation in fuel line And nozzle tempc'r,:at:ure:_ozl r:}_.,ii_e:,i,

drop size of a fuel spray is shown in Figure 1. Very large drops of okl ar_,

difficult to burn Arld corltribute to most of the soot emitted in tl_e []ue g,a:;,

The percentage of large drops in a spray pattern determines the effectiveiless off

the atomization, 17._inga value of 84 microns to represent tl_e c_Itoff for "v_l-';

large" drops, Figure 2 shows the effect of fuel line temperature on tl_is cutoff

point. As the temperature increases with nozzle heating, the drop sizes become

smaller and Atomization improves,

Combustion Tests

The ftml flow rate is also affected by the fuel temperature. T{:sts we,re

conducted in steady state operation to evaluate the effect of file].]i.rl_:_lle,'iting

on flow rate. Fig, tre "_ ._hows that fuel flow rate decreases signi_ic,llltlv wit:ll

higher _ozzle t(elll[_el'<tt._tlT(:g,
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Figure 1. Effect of fuel temperature on spray mean drop size.
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Figure 2. Effect of fuel temperature on fraction of large drops.
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Figure 3. Effect of nozzle temperature on fuel flow rate, Steady state tests.

A series of tests were conducted with commercial nozzle heaters to measure

the fuel line temperature, nozzle body temperature, fuel flow rate, and smoke

numbers. Using the single stage heater, these measurements were made during

cyclic operation with a conventional flame retention head burner. The tests were

done in a cast iron boiler and at a firing rate of 1.0 gallon/hour. The

laboratory was maintained at 60 F for these tests. A one hour cool down ("off")

period between each "on" cycle was used to ensure consistent cold starts.

Figures 4 and 5 show fuel line and nozzle assembly temperatures during

startup with and without the heater at a fixed steady state excess air level,

This data shows that the heater "on" and heater "off" cases tend to converge in

steady state, After 2 minutes of burner "on" time the difference between heater

"on" and "off" temperatures was less than 20 F, Figure 6 shows the fuel flow

rate versus time relationship with and without the heater. With the }_eater ell

there is roughly a 15% reduction in fuel flow at startup. The corresponding

relative increase in excess air would certainly be expected to contribute to

reduced smoke during startup,

Figures 7 and 8 show measured smoke numbers during the startup period with

and without the heater at two different steady state excess air settings. These

figures show a significant reduction in smoke numbers during the startup period,

particularly in the higher CO z case.

The tests above were all conducted with an ambient temperature of 60 F in

the laboratory. To evaluate performance at a lower ambient temperature, the
burner area was enclosed in a box which was cooled with a chiller to 34 F.
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Figure 4. Trend in fuel line temperature during startup transient. With and without a

commercial nozzle line heater.
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Figure 6. Trend in burner fuel flow during startup transient. With and without a commercial
nozzle line heater.

Figure 9 shows the effects of tile single stage nozzle heater on transio.ttt smoke
nttmbers at this conditiotl. This illustrates that at low temperatures t:l_eel:fects

on transient smoke numbers get_erally become more important. The nozzle l_eatf,r

effectively reduced the smoke number.

While cold ambient air can clearly affect burner performance it is not

clear that cold oil can. Assuming the oil can flow to the pump it will be heated

at least partially in the pump. This heating would be e×pected to be greater in

a one pipe system. A two pipe system would continue to pull cold fuel througl_

the pump mechanism retarding any heating effects. Some cests were done to

evaluate this case; the ambient temperature at the burner was cooled to 5() F and

the oil supply was ma[ntalned at 32 F with an ice bath. Figure I0 shows the

temperature of the oil measured at the pump discharge as a function of time

during a typical firi1_g cycle, Although the oil supply wa_';i_litially cold the

pump was capable of heating tlle oii and maintain it at a relatively coIl.,;tant

temperature.

Fouling Tests

The fouling tests were done with an ambient temperature at t_llebttrner of

40 F, Two tests with a nozzle lixle heater at a high and at a low _:,:ce:;.;air

level, and also two tests without tl_e nozzle line heater at the same e×ccess air

levels were conducted, Figttre II shows the results for the total fouling rate.
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Figure 10. Illustrationof oil heating in the fuel pump during transient operation. One pipe
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At the high excess air level (25%) the nozzle heater does riot affect the total

deposition rate. At the low excess air level (6%), however, there was a

significant reduction in fouling with the addition of the heater, The smoke

number at the low excess air level was #i and at the high excess air ievul it was

#0. Figure 12 shows the deposition rate for the iron sulfate (scale) part of the

total deposit. Using the heater did not significantly affect the scale deposits.

Clearly the }]eater was effective in reducing only the carbon [)art of the deposits

when the burner is set to very low excess air levels. The benefit of tlsing a

nozzle heater would be to allow burner operation at lower excess a|r levc,ls wl_ll

less fouling due to soot produced during transient operation.

The two stage nozzle heater tested maintains tile fuel temperature at about

120 F during the off cycle, which is about t}le same as the single stag(_ tinit,

When tile burner is firing tile electrical power input increases siglltfic<'lntly, aii(t

the oil temperature Is raised (_ven higher, in tests with a collw,vltiollal [lame

retention head burner at all ambient temperature of 40 F no improvemellt Ill steady

state performatlce was ob:;erved. The benefits of the two StAge t_tIit call b(,

realized wlth Jtlst the sitlgle stage heater.

Tests of the deaerator, described earlier, were done witl, a ont_, pipe

arrangement, Tile purpose of these tests was to determine tl_e e×tev_t oi:

preheating, tile time. required to reach steady state, and the overa ii

effectiveness of preheating. Temperatures were monitored of the ell supply, tlle

oil from tile deaei'ator to tile burner, tile o[I return(fig from the p_llrq)I.o tlle

deaerator, ;ill(l tile ilogz ] c: t i p, Measurements we.re Ill:(de for tllre.e d [ it(, reilt

operating coil(lille(Is: co[el start, cyclic 5 Iniri onl]O in|n off, ali(l cyclic b I!l[li

on/lO mit] Oil. Results i;If the llle,'lsurelllents Inade durillg jiist Olle of t:llf,_ie tt,.,_ts,

the. (.old start test, are _i}l(lWil |il Figure 1'3. Tile re,,-;ults oi7 all (if tile te_;t:_i

basically :_how ttitit (tie deat_rcitoi." is ilot very effective ill tleatlilg tti,, c, i l (lllrlllg

the most critic;a] pert_,cl wllfcli is roughly tile fir;it two lllililil:o.,i (ll- btil'tier
operatiori. As was sllowli earlier, ttie pUlllp alolle ill a olle pipe s.VSteln i:; fairly

effective ill provldillg ;il,c,tit the .qallle level (if l_eattlig as tile clc,;ler,itc_r. Tile

primary aclv,_tlltat_e o£ till:.; _levlce remains ;tit I'(,lnova],

DISCUSSION

Durllig tile first two minutes of I:luriler clperatioil ill cycl ic lil¢_cl_,

performallce iS illilJrove.d witil tile _1<_;(+of iiozzle [tile Ilealors. Tllt<; re_itilt_ [l'Olli

both ilnpro-e(l atolntzat:[Clll ;llld l'educ+ett fuel [1.ow. 'l'lle Feciilced |!tiel ['low I)rovi,les

a relative ill(tease ill e.'.:ce_;:; ,i|i" at tt time whe, ii it l<; lice.deal _ltirtiig l:li_ ,<;tril't/ltl

transient, In _;lrll(_r .<_ltidi,s <'if gNL tile liSP- Of incre:l:ied e:<c(_.<;.<; all" it_tl_'ilit)

startup was tested aild (lt#lllCills;tr,+lLed 7t._; a ,'_oot re(hlct:ioli lllotlio(l. 'l'llo.';_+ t,_:lt:iw_,l'l#
done tiSilri_ a .<iilittile llUi'li(,r lllodifictitfon l;_l

For a tyl)ic;ll _'i7'_tein in tllt_ field wll(_re the heating Ullit is lc,l,ai:e,l ill a

space which does riot expel'lellCl_+ very cold t£,lllperattil-e_ ;ill¢l l:lie e×ce.<i:-i air t.u :4el

far til)c,,.'e tile .<;te;l_iy state ,<JlllOke level, tile lieilet:it.<_ o[- tile nozzle lit,;i[:l,r tire

small, l[ow(_,ver, [11 ca.<_e.<_;whei:e the exc.t_s_; till" is set very low (hlrlllg ,_toadv

state the nozzle h(,at(,r i._i qtlit;:;, effect(w+ in rediicilig tF,qllSiOllt SlliOk(.' C,lli[:;._iic)ll:;.

This ls all tlllport<'iliE l)olnt, ltl any gt:k'atet_y to ilnprov_, lie:lt[ll[ _, .<;v.<itl_lli _ft ici_"licV
through exco._Jn air re(hlc'<i¢_li, the lisle of llOZzle lleaters to illiprov(, lc)llF, it, t-Ill

reliability _c,,ll<t l i(:' ._iigiliflcnnt. Tile r(!:Jillt.<i [rOlli pric, r f'>NI, £o_ll iiil, , ,Jlli(l[_,:;

sliow tllat Et Ili:ijOF Cl;lll.qe i)1 cl(,gracltlcioll of I)oi lel- c,f[iclellcies (_vc, r i:illit# I'_.:;_llt",
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Figure 11. Effect of a nozzle line heater on heat exchanger fouling rate. BNL Fouling Test

Facility. Burner ambient at 40 F.
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Figure 12. Effect of nozzle line heater on rate of formation of iron sulfate scale on heat

exchanger surfaces. Burner ambient at 40 F.

- 164 -



Temperature (F)
120

40 I _ J J t 1
0 2 4 6 8 10 12 14 16

Time from start (minutes)
Figure 13. Illustration of some startup temperature trends with an oil deaerator.

from iron sulfate scale deposition which is a function of the excess air levels.

Operating at very low excess air levels can reduce the rate of production of this

scale. The nozzle line heater allows the burner to be operated with less e.,'cess
air.

Assessing the maximum efficiency gains which might be realized when nozzle

heaters are used in the field is difficult. Operating a burner at reducecl excess

air levels with the use of a nozzle heater would improve the efficiency under

steady state conditions. For example, if an excess air level is set at 45'_

(10.5% CO2) without the nozzle heater, the excess air level may be acljusted to

25% (12..3% C02) with the heater. Depending upon stack temperature at both excess

air levels, the efficiency would improve by about 1.5% during steady state. In

the field, this efficiency gain can be realized only if the burner is serviced

and adjusted in the correct and consistent manner. That is, the burner must be

adjusted to the lower excess air level when a nozzle heater is used, atld not

adjusted if there is no heater.

A second possible source of efficiency improvement with the nozzle heater

is reduced degradation of efficiency during the heating season. This is usually

considered to be about 2% per year and this puts an upper bound on the ma:<imum

efficiency improvement which might be realized by the end of the season.

Assuming annual cleanings and considering that the efficiency degradation is not

present for all of the season, an approximate efficiency improvement poterltial

is 1%. The combined efficiency improvement potential with both reduced excess

air and reduced fouling is about 2.5%.
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CONCLUSIONS

• Nozzle and fuel line heating devices used to preheat "cold" oil can

maintain consistent viscosity of the fuel to within an acceptable range,

impL-ove atomization and reduce nozzle fuel flow rate.

• These heaters are most effective during the first two minutes of burner

operation. The combined effects of improved atomization and reduced fuel

flow rate (with relative increase in excess air) during this period leads
to reduced transient smoke.

• The benefits from the use of the nozzle heaters are evident when the

burners are set for very low excess air levels. Under these conditions

fouling rates are reduced over long term use.

• In a one pipe system, the recirculation of oil within the pump housing is

fairly effective in warming "cold" fuel oil. However, the rate and extent

of heating is inadequate during the startup period when it is most needed.

Adding an external deaerator does not provide more heat.

• The potential efficiency gain with the use of nozzle heaters is estimated

to be 2.5_. Achieving this gain requires that service personnel set
excess air to lower levels with the addition of a nozzle heater.
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ADVANCED AIR-ATOMIZED BURNERS

INTRODUCTION

Domestic oil burner designs in the U.S.A. have long been limited by the

relatively low cost of oil so that the high initial cost of advanced technology

to provide the efficiency gains was hard to justify. Another limitation has been

caused by the lack of reliability of the conventional pressure-atomized nozzles
used at rates below 0.60 gph oil input. Although the typical heating load of many

homes today ranges from 0.25 to 0,60 gph, these homes are usually fired at inputs

of 0.75 to 1.00 gph or higher.

Work at BNL during 1990 and 1991 has identified and demonstrated the possible

feasibility of an air-atomizing nozzle that uses relatively higher air volume but
at much lower pressure than other air atomizers, This allows the use of a blower

to provide both atomizing and combustion air, eliminating the need for an air

compressor. Mr. Fisher, a BNL consultant and an expert in oil burners, advised

BNL of the strong potential of this new concept, not because the burner would

cost less, but that it could be justified when all its assets are considered:

o Low input range with reliability

o Low excess air ( High COz )
o Low NOx
o Low CO

o Low SO3, hence low HzSO4 effluent
o Small, intense flame

o Insensitivity to draft

o Less sensitive to fuel properties

More recent studies at BNL have shown that both corrosion of and soot deposition

on the heat exchanger are reduced by low excess air (high COz) operation. So the

ability to operate reliably at low excess air allows both higher initial and

longer sustained efficiency as well as fewer cleanup servlcings.

During its fiscal year of 1992 (Oct-Sep) the BNL staff with some guidance from
Mr. Fisher as a consultant undertook this project of demonstrating the

feasibility of such a burner through iterative ("cut and try") design, test, data

analysis and redesign, using a high pressure blower and the special air atomizer
with No.2 fuel oil.

OBJECTIVE

The objective was to develop and demonstrate the feasibility of a new and

superior low input burner prototype with the following performance
characteristics:

o Firing rate range: 0.30 to 0.60 gph
o Zero smoke at less than 10% excess air

o Below 50 ppm NOx effluent

o Below 30 ppm CO effluent

o Below 0.2 ppm HzSO4 effluent

o Burning intensities of over 5xlO_ Btu/ft _ hr
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o Insensitivity to draft variations

o Reduced sensitivity to fuel properties

The nozzle used was provided by The Gas Turbine System Division of Parker

Hannifin Corporation with some help and direction provided Mr. John Gaag, Manager

of Advanced Technology in Cleveland, Ohio, It was developed by Parker Hannifin

in a Joint project with the General Motors Corporation to heat air and clean a

catalytic filter us<d to reduce particulate concentration in diesel engine
exhaust.

A schematic showing the principle of operation of the atomizer is shown in Figure

i. Air at a pressure of 10-20 inches of water enters the back. Most of the air

passes through the outer swirler and spins out through the main exit orifice. A

smaller amount passes through four small offset holes providing counter-swlrling

air. Fuel entering at the centerline flows out through three small holes near the

tip where the swirling air distributes and swirls the oil, prefilming it as it

leaves the inner orifice. The two counterswirllng vortices shear the sheets and

ligaments of fuel into a conical spray which is mixed with about 3-4 cfm

atomizing air, depending on its initial pressure.

The blower used in this project at BNL was provided by the Lamb Electric Division

of Ametek in Kent, Ohio. It is designated as a single stage, hi-flow (No.

116637-01 "WindJa_ner"). It utilizes a single backward curved wheel driven by a

brushless DC motor with a DC power supply and controller. The blower speed can

be controlled and the operating pressure set at from i" to over 20" WC and at the

flows required for both atomizing and combustion processes (5-20 scfm).

DESCRIPTION OF THE PROTOTYPE

The prototype configuration shown in Fig. 2 is the result of many iterations

including changes in air pressure, flame holder design, secondary and tertiary

air velocities, electrode design and spark location, burner diameter, and

location of the retention ring behind the end cone.

Referring to Fig. 2, the mechanics of the burner operation are as foll.ows:

From an elevated tank No. 2 fuel is metered through a calibrated rotameter into
the fuel llne 14 and into the nozzle 6 described above. Air from the blower is

ducted through a hose to the top connector shown. Its pressure is regulated via

blower rpm. The air distribution in the airtube is very uniform because of the

high pressure drop across the burner head. This is an important factor in

achieving good performance at very low excess air levels. At 15 inches of water

the primary air through the nozzle swlrlers and orifices flows at about 4 scfm

and does an adequate job of atomizing the oll at rates of .25 to .60 gph. The

spray angle is about 70 degrees. Complete combustion of oil requires about 24

scfm of combustion air at 1.00 gph. This means that at .25 gph the nozzle

provides 4 of the 6 cfm needed for completion leaving 2 cfm as the secondary air

requirement. The secondary air is metered through four orifices in the metering

plate 7 and then through four louvers in the retention ring 5 which provides
swirl in the same direction as the nozzle air swirl. The orifices were sized to

provide under 2 cfm at 15 inches of water with some allowance for leakage air and

little or no tertiary air when firing .25 to .30 gph. Tertiary air is

controlled by adjusting the head positioner 19 on the back of the burner. This

moves the entire internal assembly which varies the pressure drop in two places:
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first around the orifice plate 7 and second at the exit between the tube I0 and

the air cone 3. When set at the full forward position the head will allow no

tertiary air flow barring leakage. So at .25 gph the primary air (4 cfm) plus

the secondary air (2 cfm) provides only the theoretical air while the tertiary

air can supply excess air by the thumb screw adjuster 19. At higher inputs the

primary air (4 cfm) plus the secondary (2 cfm) remain essentially constant and

the deficit is made up by the tertiary air, Firing at 0.60 gph requires 0.6 x 24

- 14.4 cfm or more total, or about 8.4 cfm or more tertiary added.

OPERATING PRINCIPLES AND CONCEPTS

The requirements for stable, intense, complete and clean combustion of oil

includes the following:

o Adequate atomization of the fuel

o A hot spark located at the perimeter of the fine spray

o A stable initial vortex or bubble to provide a well stirred reaction

zone and providing recirculation into the initial fuel spray cone to

quickly evaporate the fuel

o Injection or induction of air into the vapor-rich zones as soon as

they occur (not too soon where liquid drops need heat)

o An air and flame pattern that will foster plug flow

o An air-tight combustion chamber just large enough and long enough to

avoid impingement

o For low NOx a high axial velocity air and flame Jet pattern is also

needed to induce cooler combustion gasses into the reaction zone so

as to reduce the flame temperature even at near stoichiometric
conditions.

Referring to Fig.3 the prototype burner is shown in a combustion chamber

perceived to be about proper (6" diameter x 6" long) for this burner. The

atomization is similar to that of a simplex pressure nozzle at i00 psi except

that it is admixed with about 4 cfm of high velocity air in a conical vortex.

The hot spark is located at the spray's outer envelope. Swirling secondary air

increases the votticity of the nozzle air to promote a torroidal vortex that

recirculates hot combustion gasses (hot CGR) into the spray cone and accelerates

the evaporation process while stabilizing the flame. Tertiary air is injected

into the vapor-rich envelope and the flame and after-flame reactions go to

completion in the microscopic eddy mixing area of t. _ plug-flow zone. Besides

shaping the flame into a short ball the tertiary air jet induces cool combustion

gasses to recirculate (cool CGR) into the reaction zone and reduces the flame

temperature. This would be especially true in a water cooled combustion chamber

without any refractory liner. Here lower NOx emissions would be expected.

RESULTS OF PERFORMANCE TESTS

Most of the testing was done in a wet base steel boiler with a i0" diameter by

20" long water backed unlined combustion chamber that discharged into a square

flue collector and up into the return tubes above, then out the front. The over

fire and flue drafts were maintained at +.01 to +.02 inches of water to prevent

any infiltration of air into the flue gas sampling probe. The boiler water exit

temperature was kept at 140 to F.
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Overall, the performance met the proposed objectives as follows:

o Firing Rate Range 0.30 gph to 0.60 gph
o Zero smoke at 5% excess air (1% 02)

o Below 50 ppm NOx

o Below 30 ppm CO

o Burning intensity over 5xlO6 Btu/ft^3 hr

o Insensitive to large draft variations

SO3 and sulfuric acid effluent were not analyzed but typically it would be a

function of excess oxygen in the flame which was very low. The sensitivity of
the burner to fuel specifications was not measured in work to date but is

planned.

RECOMMENDATIONS FOR THE NEXT PHASE OF THE PROJECT

There was one problem with the burner at the lower firing rates. Ignition and

flame stability were weak at rates below 0.40 gph. It is believed that the strong
aspirating effect of the atomizing air is inducing too much cool excess air from

the combustion chamber into the already vapor-lean vortex in front of the nozzle.

This problem should be addressed as follows:

o Modify the nozzle to produce good atomization with less air flow.
o Try lower air pressure for atomization.

Since this effort was basically a feasibility study, the next phase will need to

bring the design to a point that would prove its ability to be conmlercially
viable and attractive to a burner, furnace, or boiler manufacturer. It would

include an integration phase as follows:

o Finalize the nozzle and burner head design. Consider using a two
stage blower to provide 3 cfm at 10 to 20 inches of water and the

remaining 14 cfm at 2 to 4 inches of water so as to reduce the

electric power required.

o Enlist the help of a fuel unit company to provide a metering pump
that will also provide lift. Also look at the potential of a

solenoid pump.

o Evaluate the flame signal for use with a cad cell flame sensor. If

the signal is not adequate, evaluate alternatives.

o Build and demonstrate an integrated burner that would be of interest
and commercially attractive to a manufacturer.
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Figure 1

Schematic Drawing of Low Pressure, High Volume Air Atomizer
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III, WORKSHOP SESSIONS



GROUP A. ....._EW OILBURNER D_EVELO_ME_T8
INDUSTR__ I_SUES O_ THE_

Chairman: Jim Connors, Mestek

Rapporteur: Dr. Thomas A. Butcher, Brookhaven National Laboratory

TOPICS:

i. With conventional burners, in what areas are improvements needed?

[Reliability, Controls, Sooting, Excess Air, Service, Side-wall Venting,

NOx, Sensors, Fuel Flexibility, Cold Locations]

2. Does oil deserve a reputation for being a dirty fuel? What might be done
to improve this image? Should this be done by BNL?

3. Has burner technology moved faster than the field? Should BNL put more

effort on analysis of field problems with existing equipment? Would the
service industry participate?

4. What are the needs in advanced burners? What features will the oil-heat

industry want in burners/systems over the next twenty years?

5. What changes should BNL make in their R&D program?

DISCUSSIONS:

The workshop was attended by about 35 people, representing marketers,
manufacturers as well as some people involved with technology development.

Discussions were focused on problems with existing equipment and activities BNL
might undertake to serve current and future needs of the industry.

The major concern raised with current equipment was the service and

reliability issues related to fuel quality. In considering advanced burners BNL

should put an emphasis on ability to handle poor quality fuel without the need
for excessive filtration. One of the participants stated that this was one of

the reasons he was so enthusiastic about the Babbington burner which had been
demonstrated at an earlier conference at BNL.

Another area of concern raised was an apparent decline in the reliability

of both ignition transformers and controls. Newer components are much less
reliable than older designs.

The group had considerable discussions about advanced control options. The

BNL Flame Quality Indicator was seen as a very positive first step. In

addition, however, the group would like to see sensors which will shut down the

burner or provide a warning when a severe sooting situation has occurred. The
FQI should call for service when a burner is starting to produce an excessive

amount of soot but future controls should also look for a fouled heat exchanger

problem. Sooting of homes is unacceptable and the industry must totally

eliminate the possibility of this occurrence.
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In deciding upon the output options for the FQI some concerns were raised
about alarming the homeowners unnecessarily. An audible alarm might lead to a

call to the local fire department.

In advanced burners a wide "window" of excess air levels for acceptable

operation is seen as very desirable. It seems likely that in the future this

window will generally be moving toward higher CO2 levels (reduced excess air).

Generally BNL should pay more attention to NOX in the future. Some of the

participants said that we should start by knowing more about NOx with existing

equipment -what effects it and how might it be reduced. For example, the effects
of the combustion chamber envlrot_ent should be studied.

One participant raised the suggestion that the U.S. industry should pay

more attention to the European ISO standards. These standards must be met for

U.S. products (such as the FQI) to be marketed in Europe and elsewhere. BNL or

some other group might aid exports by assisting U.S. oll heat companies in

understanding these requirements.
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GR___OUPB. GUIDELINES FOR OIL-APPLIANCE VENTING INDUSTRY REVIEW AND
CONSENSUS ACTIONS

Chairman: Richard Krajewski, Brookhaven National Laboratory

Rapporteur: John Strasser, Brookhaven National Laboratory

TOPICS:

Issues related to the Venting Guidelines presentation on Materials and Corrosion:

i. Are vent/chimney inspections commonly performed during equipment servicing
calls?

2. What is the field experience regarding vent and metal chimney corrosion in
the field?

3. How well do masonry chimneys stand up in oil-fired applications?

4. What are the physical and material selection constraints for insulating
vent connectors in the field?

Issues related to the Oil-Heat Vent Analysis Program (OHVAP) presentation:

5. From an industry perspective, how would OHVAP be used by Engineering Staff
and/or Field Service personnel?

6. In order of priority, what types of venting tables should OHVAP be called

upon to generate?

7. The output refinements anticipated for OHVAP should take what form?

A general discussion of the status of the BNL Oil-Appliance Venting Guidelines

document is also planned:

8. What additional avenues should be taken in securing an adequate review of
the document?

DISCUSSION:

The workshop on oil appliance venting followed the list of suggested topics

fairly well. Discussion was lively and centered around two overall topics: The

forthcoming Venting Guidelines and the Oil Heat Vent Analysis Program.

The first topic of discussion was the Venting Guidelines. The participants

were quickly brought up to date on the current status of the Guidelines. The

talk then started going down the list of suggested questions from the conference

program.

The first question was: Are vent/chimney inspections commonly performed

during equipment service calls? Which was answered with: Is there a protocol for
inspecting vent systems or should there be one? Apparently there is a code

already in place in Canada. The Installation Code for Oil Burning EqL_pment (CSA

- 181 -



B139 M91) requires chimney inspections, and regulates such variables as sizing,

entrance and exit temperatures, clearances, appliance types, etc. Another

question along the same vein was then asked. Whose responsibility is the

inspection? The county building inspector, the service company? And how do you

rate the inspector? There didn't seem to be any answer.

The tools that are needed to inspect a chimney/vent system were also talked

about. Miniature video cameras were a common though expensive option. Others

said that they had a chimney sweep company come in and perform the inspection.

A glaring problem with both of these techniques was then immediately brought

forth-all of the inspections performed were visual. There was no way to properly

evaluate the structural strength of the system, short of seeing obvious holes in

the chimney.

Discussion then turned to the second question on the agenda. What is the

field experience regarding corrosion in the field? The discussion was short and

quick. The L-vent installed in the field was mostly "rotten" through and

through. PLEXVENT, the plastic vent pipe used in gas applications was failing

with longitudinal cracks forming in straight sections and was in the process of

being re-evaluated by Under Writers Laboratories. The temperatures provided by

mid-efficiency equipment were may be too high for the plastic.

Soot and acid carryover were also talked about. Apparently, even in

condensing systems soot and acid will pass through the heat exchanger. Along the

same lines the question of flue fires was brought up. It seems that in older

equipment there was a tendency to carry combustibles (soot and/or unburned fuel)

out of the api_!iance and into the vent. If a restart was initiated with liquid

fuel in the system or if the flue-gas exit temperature within the system then

became too high, it was possible for vent system deposits to start burning.

The third topic was how well masonry chimneys performed for oil appliances.

The general consensus was that too much heat was lost in the vent connector,

either to the surroundings or through dilution, for older chimneys to work well.

Most chimneys, it was felt, should be relined for the newer equipment. Next to

inadequate draft, acid condensation was the biggest problem reported. The

statement was made that chimney tile liners are supposed to be assembled using

an acid resistant mortar. It was generally believed that this was not actually

done. Instead, the acid would condense out of the flue gas within the liner and

find its way out to the brick work and eventually destroy the chimney. According

to the experience of one of the participants, chimneys located on the north side

of the house were the worst, while those located on the south side were

"generally OK".

The fourth question regardinB what materials should be used to insulate the

vent connector never got addressed. Instead this discussion centered on the

contradictions between the manufacturer's instructions and the many regulating

codes. This was an area where it was felt that BNL would probably do the most

good; develeT_ing a document that would summarize and organize the various codes

that apply.

The last question about the Guidelines involved what additional avenues

should be used to perform an adequate review. There was general agreement that

the equipment manufacturers should definitely review the document. IBR and

ASHRAE (TC 3.7) were also mentioned as good forums for review.
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The meeting then talked about the forthcoming Oil Heat Vent Analysis

Program (OHVAP). Before the questions from the agenda were even read, someone

asked if OHVAP would handle house and outdoor pressure fluctuations. It doesn't,

in it's present form but further enhancement of the program should be considered.
OHVAP, in it's present form, is a program that is designed to model the

independent behavior of the venting system under temperature and flow from an

oil-fired appliance. Other effects due to appliance design characteristics or

building de-pressurization are, at present, neglected. One feature that people
did want to see was the ability to have multiple appliances exhausting into one

flue. While not currently implemented, if time constraints allow, this feature
should be added.

When the question came up about how the program would be used by the

industry, the answer was rather surprising; it wouldn't. It was believed that

the venting tables produced from the program's output would be widely used

instead. In keeping with this position, everyone was in agreement in stating

that the program didn't need graphical output (except as a "neat toy"), tabular
results would be just fine. When asked for the types of tables that should be

given priority, masonry chimneys topped the list. Relined chimneys came in

second, with power vent systems being a distant third.

The workshop was brought to a close at this point, since we were running
late. A summary was prepared and presented to the attendees at the closing of

the general session.
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GROUp C. FUELS, FUEL QUALITY, AND STORAGE INDUSTRY pERSPECTIVE.
AND ACTIONS

Chairman: Thomas A. Santa, Santa Fuel Inc.

Rapporteur: Wai Lin Litzke, Brookhaven National Laboratory

TOPICS:

I. What actions are being taken by industry members to deal with fuel quality

related problems? (Mr. Santa will review the range and extent of field

problems, quality control, documentation, database system, studies with
biocides, his data, and his results.)

2. Can a network or database system be established by industry members to

refer to, for products evaluated out in the field and to share experiences
and information? How much interest is there to participate in field
studies?

3. BNL has put together a set of guidelines for maintaining fuel oil quality
to be used as a reference and training material for servicemen and

managers. How much interest is there to further develop, revise, and

upgrade this booklet? (Discussions shall include industry support for

funding for future publications, methods of distribution, and use.)

DISCUSSIONS:

A total of (26) members attended this workshop session; they consisted of

fuel oil distributors, additive marketers, refinery R&D researchers, heating

equipment manufacturers, members of associations for petroleum marketers, tank

cleaning/ fuel quality service representative, and a trade journal reporter.

The chairman began the session by asking whether anyone has experienced

fuel quality related problems, and if so, whether they have determined the extent

of these problems. There is a general awareness and concern that poor quality
oil affects their business, ie. the number of service calls, and customer

perception of oil heat. However, little have been done to maintain records of
the occurrence of fuel quality problems (ie. filter changes) with respect to

delivery of oil to their customers. The biggest problem affecting efficient

operation of heating equipment is related to sludge and water buildup. Many

servicemen acknowledge that poor handling of fuel could lead to contaminated
fuel, but some were concerned that the fuel received from various suppliers are

not of "good" quality. The participants discussed ways of how they dealt with

sludge, ie. tank cleaning, use of chemical additives, change in oil delivery

practices so that tank bottom residue would not be stirred up during delivery,
but all had varied success. In many situations, what worked for one company may
not have worked for another.

Clearly, all the members agreed that the mechanisms of fuel degradation and

sludge buildup must be better understood. A treatment (or a series of
treatments) could then be applied to prevent or slow fuel breakdown processes.
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The key to success of any treatment program is to isolate possible sources to the

sludge problem.

The chairman initiated a discussion on stability of fuel. One of his

concerns was the possibility that copper in the fuel delivery lines could be

acting as a catalyst to accelerate the fuel oxidation process. Copper in
solution has been known to function in this matter, although it is unclear in

this case whether it is the leading factor causing fuel breakdown. The chairman

brought in two oil samples showing the results of a small test he had previously

conducted at his company. One sample contained fuel oil only, the other

contained a piece of copper tubing immersed in the oil. Both samples came from
the same source and were allowed to age for about two weeks. The point of the

discussion was that after several days the oil with the copper tubing turned a

deep amber color while the control sample remained light in color. Could this
be an indication of fuel breakdown after such a short time? and if this is the

case, what are the consequences since all piping in a heating system is made of
copper? Further research needs to be done to understand the catalytic effects

of copper and other oxidation mechanisms.

The industry has expressed a great deal of interest in further research

related to fuel degradation. Several members have agreed to participate in any

field studies which may develop in order to provide a statistical basis for the
data.

It is interesting to note that representatives from refinery research
divisions participated in this workshop and were able to provide a different

perspective. Their comments indicated that at the refinery level they were

unaware of the extent of fuel quality related p_'oblems confronted by the oil heat

industry. They were interested in keeping abreast of any further developments

in this field of study.
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GROUP D, OIL-HEAT TECHNOLOGy T_NSFER INDUSTRY ROLE
AND FUTURE SUPPORT

Chairman: Art Irwin, Department of Mines & Energy, Nova Scotia, Canada

Rapporteur: John Batey, Brookhaven National Laboratory Consultant

TOPICS:

Technology Transfer - Product Development

i, The oil-heat industry has indicated that it is very interested in several

new concepts (FQI, advanced oil-burner designs, etc.) currently being

developed by BNL. How can the industry support, assist, and contribute to

the commercialization of these ideas as finished products available on the
market?

2. How can the marketing industry h_!p DOE in promoting the introduction of

new high efficiency technologies currently under development?

Oil-Heat Efficiency Training Manual

3. Prior BNL/DOE/PMAA Oil-Heat Technology Conferences identified the need for

an Oil-Heat Efficienqy Training Manua! for use by the industry in

developing a firm understanding of the many options that exist to improve

or upgrade the efficiency of oil-fired equipment or replace it with new

modern h_gh efficiency systems. BNL has been working on a manual of this

type and will be releasing the first working d_afts this summer in June.

A limited series of training seminars are being planned to "train the

tralners." The manual will be revised based on any suggestions that arise

from the pilot seminar series. After the pilot program BNL(DOE) will be

seeking an industry organization to support the manual and sponsor

continuation of the training seminars. Which industry organizations

should be considered? How should the manual be promoted and by who?

4. How should the seminars be organized and supported?

5. How frequently should the information be reviewed and who should be

responsible to update it?

6. Will the manual need to be supported with other materials other than

workbooks and slides?

DISCUSSIONS:

I. a) The oil-heat industry can best support, assess and contribute to the

commercialization of new ideas and products by encouraging

Brookhaven to participate in trade shows, industry meetings and

industry related programs, Brookhaven must take the show on the

road to provide the necessary credibility to new products.
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b) Equipment development is driven by market demand. Oil dealers must

sell the flame quality indicator and similar developments to the
consumer.

c) More knowledge and background information is needed on new products

from Brookhaven and other research groups. Many products never

reach the market place because the dealer has little knowledge on a

new prodl_ct and is often not sold on its capabilities.

2. a) Tax rebates are good incentives to promote new technologies.

b) Oil dealer education programs for their customers are important.

c) In many ceses, two-step programs are necessary:

i) General l._formation to overcome misconceptions about oil heat;
and

ii) Information on new oil heat advances.

3. Oil Heat Training Manual - The National Oil Heat Service Managers

Association is a logical industry organization to support the manual

and sponsor the combination of training seminars.

4. The seminars should be structured in modules and delivered in one

day seminars, These should be arranged in a scheduled manner to
ensure their success.

5_ The training material should be reviewed on an annual basis and

appropriate addendum included as required. This procedure could be

administered by the Service Managers Association.

6. In addition to the planned workbooks and slider presently being

prepared, the program should be also supported by videos which can

quite easily be developed from slide presuntations.

- 187 -



IV. FINAL ATTENDANCE LIST
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Robert Abbott Ken Abbott

Abbott & Mills, Inc. Abbott & Mills, Inc.
P.O. Box 2505 P,O. Box 2505

Newburgh, NY 12550 Newburgh, NY 12550

Raymond K. Albrecht George W. Anderson

New York State Energy Research Roblson Oil Corp.

and Development Authority 500 Executive Blvd.

2 Rockefeilez Plaza Elmsford, NY 10523

Albany, NY 12223

John Andrews John Batey

Brookhaven National Laboratory Facility Energy Services

Building 475 176B Summer Street

Upton, NY 11973 New Canaan, Ct 06840

Joe Bavoso Roger C. Bavoux
Santa Fuel, Inc, U. S, DOE - Boston

P. O. Box 1141 One Congress St.

Bridgeport, CT 06601 Boston, MA 02114

William Beato Timothy L. Bedeaux

Massapequa Fuel Co. Inc. Burnham Corporation
503 Hicksville Road P.O. Box 3079

Massapequa, NY 11758 Lancaster, PA 17604

Jean C. Beliveau Edward Belnick

Z-Flex (U.S.) Inc. Town of Brookhaven
20 Commerce Park North 3233 Rt. 112

Bedford, NH 03110 Medford, NY 11763

Tom Butcher Frederick J. Caputo

Brookhaven National Laboratory Bayslde Fuel Oil

Building 526 1810 Shore Parkway

Upton, NY 11973 Brooklyn, NY 11510-0077

Ken Carlson Bob Carman

Mitchell Supreme Fuel Co. Reliance-Rite Fuel
532 Freeman Street 522 Grand Blvd.

Orange, NJ 07050 Westbury, NY 11590

Yusuf Celebi George Celorler

Brookhaven National Laboratory AMTROL

Building 526 1400 Division Road

Upton, NY 11973 W. Warwick, RI 02893

William Center Jian Chen

Ethyl Corp. Fulton Boiler
P. O. Box 12035 Port & Jefferson Streets

Richmond, VA 23241-0035 P.O. Box 257

Pulaski, NY 13142

Martin J. Chmura Ronald Coffey

Board of Education N.Y.C. Board of Education

City of New York 433-64th. St.
105 Buffalo Street Brooklyn, NY 11220

Staten Island, NY 10306
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Wee Congleton Jim Connors

Mauger & Co. Mestek
I0 Halin Rd. 260 North Elm Street

Malvern, PA. 19355 Westfleld, MA 01085

Donald P. Cook Stanley K. Corwln-Roach
Meenan Oil Co. R.M. Roach & Sons, Inc.

3020 Burns Avenue P.O. Box 831

Wantaugh, NY 11793 Martinsburg, WV 25401

Charles Coyle Joseph D'Aprile

Deull Fuel Co. Herltagenergy

300 N. George Ave. U.P.O. Box 3130

Atlantic City, NJ O840_ Kingston, NY 12401

Raymond Denneny Ron Devito

Louis Dreyfus Energy VIJAX Fuel Corp.
(Diamond Fuel Oil) 210 Varick Avenue

P. O. Box 629 Brooklyn, NY 11237-0600

Wilmington, DE 19899

Louis DiGlrolamo Bert Disoteo

Z-Flex U.S., Inc. Dowling Fuel Company

303 Evergreen Ave. Industrial Avenue
Westmont, NJ 08108 Ridgefield Park, NJ 07660

Dennis Dowd F. Marion Dwight
Meenan Oil Co. Delavan, Inc.

113 Main Street P.O. Box 969, Hwy. 301S

Tullytown, PA 19007 Bamberg, SC 29003

Leonard Fisher Paul D. Forehand

R.R. #i, Box 86B Johns Bros., Inc.
Christian Hill 986 Bellmore Avenue

Colrain, MA 01340 Norfolk, VA 23504

Dan Fraccalvieri Joe Fraccalvieri

Perillo Bros Fuel Oil Co Romanelli & Son, Inc.

9 Murray St. 374 Fulton Street

Farmingdale, NY 11738 Farmlngdale, NY 11735

Jim Garvey Kenneth R. Gautier

Rayo Oil Co. Seaman Fuel Co., Inc.
470 Lakeville Road 82 Arlington Avenue

New Hyde Park, NY 11040 St. James, NY 11780

Leonard Gautlere Toby George

VIJAX Fuel Corporation McCandless Fuels, Inc.
210 Varlck Avenue 258 Haverford Ave.

Brooklyn, NY I1237-0600 Narberth, PA. 19072

Drew Gillett Jeremy Godfree

33 Holbrook Road Product Design

Bedford, NH 03110 Pugwash River RR#2

Pugwash, Nova Scotia
Canada BOKILO
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Michael Grapkowakl Robert B, Greenes

Wallace Consumer Services NY Oil Heating Assn, Inc.

P.O. Box 699 225 W. 34th. St., Suite 1202

50 Industrial Place New York, NY 10122

Middletown, NY 10940

Richard Hall Frank Harwath

Pt. Authority of NY-NJ Suntec Industries Inc.

Central Heating Plant 2210 Harrison Ave.

LaGuardla Airport P.O. Box 7010

Flushing, NY 11371 Rockford, IL 61125

Timothy Henly James M. Hermenau

Ethyl Petroleum Additives, Inc. The Standard Cycle & Auto
1530 S. 2nd St. Supply Company (S.C.A.S.Co.)

St. Louis, MO 63104 P.O. Box 999

22 Rowley St.

Winsted, CT 06098

John Hesse Thomas Hewltt

Carpenter & Smlth,inc. Meenan Oil Co., inc.
P.O. Box 686 3020 Burns Avenue

Monroe, NY 10950 Wantagh, NY I179_

John A. Hill Dennis Hoskin

Ultimate Engineering Corp. Mobil R&/) Corp.
200 West Central Street Paulsboro Research Lab.

Natick, MA 01760 P.O. Box 480

Paulsboro, NJ 08066-0480

Tom Houghton Lawrence J, Howard

Port Authority of NY & NJ McCandless Fuels, Inc.

Central Headquarters and 258 Haverford Avenue

Refrigeration Plant Narberth, PA 19072

Laguardla Airport

Flushing, NY 11371

John Huber Dale L. Hunsberger
Petroleum Marketers Assoc. Suntec Industries

of America 2210 Harriso 9 Aveuue

1901 N. Ft. Myer Drive P.O. Box 7010
Suite 1200 Rockford, IL 61125

Arlington, VA 22209-1604

Kyu S. Hwang Arthur A. Irwin
DMO Industries Nova Scotia Department of

49 Libby Street Natural Resources

Wallaceburg, Ontario P.O. Box 6981087
N8A 5E5 Halifax, Nova Scotia B3J 2T9

Louis Jacques Christopher Jarvis

Riello Canada, Inc. Mestek
2165 Meadow Pine Blvd. 260 North Elm St.

Mississauga Province Westfleld, MA 01085
Ontario Canada L5N 6H6
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Ken Johnson Bola R, Kamath
Newmac Manufacturing, Inc. Heat Wise, Inc.
P. O. Box 9 590 Whiskey Road
Debert, Nova Scotia Ridge, NY 11961
BOMIGO

Lou Karl Laurence M. Kasley
Meenan Oil Co. William Steinen Mfg. Co.
3020 Burns Avenue 29 East Halsey Rd.

Wantagh, NY 11793 Paralppany, New Jersey 07054

Michael D. Kaufmann Jack Kayne

Energy Kinetics Slant Fin Corp,
3772 Meadow Lzne i00 Forest Drive

Shrub Oak, NY 10588 Greenvale, NY 11548

Tom Kennedy Bill Kennedy
Frank Bros. Fuel Corp, Practical Energy Group, Inc,
7 Belford Ave, P,O. Box 1466

Bayshore, NY 11706 Huntington, NY 11743

Mary Kernohan Joseph Kinsey
Fuel Quality Services Slant Fin Corp.
P. O. Box 1380 I00 Forest Drive

Flowery Branch, GA 30542 Greenvale, NY 11548

Jack Kracklauer Richard Krajewski
Econalytic Systems, Inc. Broo_aven National Laboratory
4845 Pearl East Circle Building 526
Boulder, CO 80301-2474 Upton, NY 11973

MaJorle Krampf Esher R. Kweller
Fuel Merchants Assoc. of CE-132, FORSTL, RM. 5H-O48

New Jersey U.S. Department of Energy
P, O. Box 477 I000 Independence Ave., SW

Springfield, NJ 07081 Washington, DC 20585

George LaValla Roger L. Leisenring
The Standard Cycle & Auto Texaco R&D

Supply Co. (S.C.A.S.Co.) P.O. Box 509
P. O. Box 999 Beacon, NY 12508

22 Rowley St.
Winsted, CT. 06098

Richard Lelsner Richard Levi

Pt. Authority of NY & NJ Oil Services_ Inc.
Central Heating Plant 3555 Hargale Rd.

Laguardla Airport Oceanslde, NY 11572
Flushing, NY 11371

Skip Lincoln Lindy Lindtvelt
Southern Maryland Oil Sid Harvey Corporation
P,O. Box E I00 E. Mineola Ave.

LaPlata, MD 20646 Valley Scream, NY 11580
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Walter Lingner Wailln Litzke
Reliance-Rite Fuel Brookhaven National Laboratory
522 Grand Blvd. Building 526

Westbury, NY 11590 Upton, NY 11973

Paul Losquadro Tony Losquadro
VIJAX Fuel Corp, VIJAX Fuel Cor.
210 Varlck Avenue 210 Varick Avenue

Brooklyn, NY ii237-0600 Brooklyn, NY i1237-0600

Sam Lutz Rachel Luxemburg

Lutz Oil Company Fuel Oil First Communications
S.G. Lutz & Son, Inc. 989 Ave. of the Americas
295 Locust Street New York City, NY i0018

Roxbury, DrY 12474

Robert Lynch Todd Mackeigan
Empire State Petroleum Assoc. Newmac Manufacturing, Inc.
33 West Main Street Box 9

Eismford, NY 10523 Debert, Nova Scotia
BOMIGO

Brad Mader Edward Marln

Carlln Combustion Technology Santa Fuel
2342 Boston Rd. 154 Admiral Street

Wilbraham, MA 01095 Bridgeport, CT 06605

John Marran Tony Masi

Energy Kinetics, Inc. Roblson Oil
Box 103 Molasses Hill Rd 500 Executive Blvd.

Lebanon, NJ 08833 Elmsford, NY 10523

Jeff Massaro Lewis Matteson

Charter Oil Corp. Dahl Oil Co.
24 Brooklyn Ave. 340 W. Thames St.

Massapequa, DrY 11758 Norwich, CT 06560

Andrew McDermott Roger McDonald

Farm & Home Oil Company Brookhaven National Laboratory
420 State Road Building 526
Telford, PA 18969 Upton, NY 11973

Dennis McKernan Bill Mears

Delchester O11 Co. Mauger & Co.
P.O, Box 596 i0 Ha!in Rd,

West Cheater, PA 19380 Malvern, PA 19355

Matt Michaels E. Clyde Miller

Sun Company Burnham Corporation
Sunoco Retail Heating P.O. Box 5079
4041 Market St. Lancaster, PA 17604

Aston, PA 19014

- 195 -



John Millhone William Mitchell

U,S. Department of Energy Suntec Industrlem, Inc,
CE II 2210 Harrison Avenue

i000 Independence Avenue, S.W. P.O. Box 7010
Washington, D,C, 20585 Rockford, IL 61125

Richard G. Mohrfeld Blalze Monostory
Mohrfeld Inc, Petro Partners
24 Lees Avenue 9 Dibble Street

P.O, Box 427 P.O. Box 14, Station G

Colllngswood, NJ 08108 Toronto, Ontario M4M 2K2

Jerry Moskowltz Richard Murphy
Carpenter & Smith, Inc, Seaman's Oil

P.O. Box 686 82 Arlington Ave.
Monroe, NY 10950 St. James, NY 11780

James Murray Donald Murray
R.S. Leltch Co. Solvall Engineering Corp.
P.O, Box 120 P.O. Box 115

Edgewater, MD 21037 E, Swanzey, NH 03446

Melvin J, Myers Lee Neilsen
Director of Engineering Mitchell Supreme Fuel Co_

Peerless Boiler Company 532 Freeman St.
Spring & Schaeffer Streets Orange, NJ 07050
Boyertown, PA 19512

David Nelsen Richard D. Newberry
Kurz Oil Carlin Combustion Technology, Inc.
38 Sintsink Drive East 2342 Boston Road

Port Washington, NY 11050 Wilbraham, MA, 01095

Bill Paquette Ralph A. Peace

Sav-On/Liebert Oil Mitchell Supreme Fuel Co,
341 Rte, 25A 532 Freeman Street

Rocky Point, NY 11778 Orange, NJ 07050

Paul Phillips Victor Piano
Johnson's Fuel Service Dowling Fuel Co.

P.O. Box 59 Dowllng Fuel Industrial Avenue
Granville, NY 12832 Ridgefield, NJ 07660

Barbara Pierce Tony Polvino

Brookhaven National Lab. Sun Company
BidE , 526 Sunoco Retail Heating
Upton, NY 11973 4041 Market St,

Aston, PA 19014

Tlno Posllllco Boyd Powell

Brookhaven National Laboratory S.G. Lutz & Son
Building 526 262 Champlain Rd.
Upton, NY 11973 Gilboa, NY 12076
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Joseph R. Ramsey John Reichard

R. W. Beckett Corp. Hastings & Co.
38251 Center Ridge Rd. 8 Winter Street

N. Ridgeville, Ohio 44039 Troy, NY 12180

Steven Reichard Jerry Rimmer

Hastings & Co. Weil-McLaln
8 Winter Street 29 Southfield Rd.

Troy, NY 12180 Baiting Hollow, NY 11933

Dan Riva Scott Rolph

Steuart Petroleum Company Yankee Oilman

401 Farragut Street, NE P.O. Box 457

Washington, DC 20011 Swampscott, MA 01902

Rot Romary Edward F. Ross

Romary Oil Wallace Consumer Services
523 East 33rd Street P.O. Box 699

Paterson, NJ 07504 50 Industrial Place

Middletown, NY 10940

Andrew Rudin Richard Rutigliano

Heating News A-One Fuel Oil Company

215 Prospect Rd. 92-21 Corona Avenue

Centerport, NY 11721 El'mhurst, NY 11373

John Ryan Jose Sanchez

Herltagenergy Brookhaven National Lab.

U.P.O. Box 3130 Bldg. 526

Kingston, NY 12401 Upton, NY 11973

Tom Santa Patrick Scanlon

Santa Fuel, Inc. Dunkirk Radiator
154 Admiral Street 85 Middle Road

P.O. Box 1141 Dunkirk, NY 14048

Bridgeport, CT 06601

Jim Scheibein Daniel A. Schildwachter

Grace Oil Co. Fred M. Schildwachter & Sons, Inc.
P. O. Box 239 1400 Ferrls Place

Wildwood, NJ 08260 Bronx, NY 10461

Herbert C. Schneider George Schultz

Carpenter & Smith Inc. Fuel Oil News
P.O. Box 686 P.O. Box 280

Monroe, NY 10950 Colonia, NJ 07067

John P. Schultz Charles Schwarz

Energy Kinetics Brooklyn Union Gas

334 Chicopee Street 1 Metrotech Center

Granby, MA 01033 Brooklyn, NY 11201

Tom Sclacca Nell Slavln

Intelligen Energy Systems, Inc. Intelligen Energy Systems, Inc.
P. O. Box 120 P.O. Box 120

Westford, MA 01886 Westford, MA 01886
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Bernard A. Smith Mary Smodlaka

New England Fuel Institute Skaggs-Walsh, Inc.
20 Summer Street 119-02 23rd Avenue

P.O. Box 888 College Pt., NY 11356
Watertown,MA 02172

Jay Snellinger Larry Soeller
Practical Energy Group, Inc. NYS Energy Office
P.O. Box 1466 2 Rockefeller Plaza

Huntington, NY 11743 Albany, NY 12223

John Sorensen Gabriel Stefania

Laco Service Fuel, Inc. Baerenklau Co.
170 E. Lincoln Ave. 740 Jamaica Avenue

Valley Stream, NY 11580 Brooklyn, NY 11208

John Strasser Robert Streeker

Brookhaven National Laboratory Alert Fuel Oil Associates, Inc.

Bldg. 526 489 Clay Pitts Road

Upton, NY 11973 E. Northport, NY 11731

Walter Synluta Masoud Tamjidi
Advanced Mechanical Fulton Boiler Works

Technology, Inc. (AMTI) Port & Jefferson Streets
151 California Street Pulaski, NY 13142

Newton, MA 02158

Gil Tastrom Richard L. Taylor

Sav-On/Liebert Gawthrop Oil Co./
341 Rte. 25A Delchester Oil

Rocky Point, NY 11778 431 S. Walnut St.
Kennett Sq., PA 19348

Bill Thiel Frank Tufariello

Fuel Merchants Assoc,. of NJ Rellance-Rite Fuel
P. O. Box 477 522 Grand Blvd.

Springfield, NJ 07081 Westbury, NY 11590

Nicholas Turkovlch Roger Tuthill

Coastal Oil NY,Ino. ° Wallace Consumer Services

31-70 College Pt. Blvd. P.O. Box 699

Flushing, NY 11354 50 Industrial Place
Middletown, NY 10940

Lou Urban Martin M. V_nAdelsberg

Charter Oil Corp. Lawrence J. Dove Assoc.

24 Brooklyn Ave. 625 Stetson Road
P.O. Box 60 Elkins Park, PA 19117

Massapequa, NY 11758

Andrew D. Vasilakls Nick Del Vecchlo

Advanced Mechanical Frank Bros. Fuel Co.

Technology, Inc. (AMTI) 7 Belford Avenue

151 California Street Bay Shore, NY 11706

Newton, MA 02158
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Donald Villamar Richard D. Weaver

Mobil Oil C" 'p. Bock Water Heaters, Inc.

39 Gully Landing Rd. P.O. Box 8632

Miller Place, NY 11764 Madison, WI 53708-8632

Don Webber Herb Weinberger

Wallace Consumer Services Delmar Publishers, Inc.
P.O. Box 699 P.O. Box 213

50 Industrial Place Mountaindale, NY 12763

Middletown, NY 10940

Bob Welch Jim Wellman

Dunkirk Radiator Corp. Weil-McLain
85 Middle Road. 500 Blain Street

Dunkirk, NY 14048 Michigan City, IN 46360-2388

Paul S. Wesoly Hater R. West
Rayo Oil Co., Inc. Clare Brothers

470 Lakeville Road 223 King Street

New Hyde Park, NJ 11040 Cambridge Ontario
Canada L6WIC3

Robert F. White Scott Wikler

U.S. Army Farm & Home Oil Company
Natick RD&E Center 420 State Road

Kansas St. - SATNC-USO Telford, PA 18969

Natick, MA 01760

James W. Wills Edward J. Wisniewskl

Southern Maryland Oil ThermoPride
P.O. Box E 149 Truxton Rd.

LaPlata, MD 20646 Dix Hills, NY 11746

Thomas Wood Douglas Woosnam

Pt. Authority of NY & NJ Sinkler, Inc.

Central Heating Plant 650 Knowles Avenue

LaGuardia Airport Southampton, PA 18966

Flushing, NY 11371

Jeffrey Woosnam Charles F. Wright

Sinkler, Inc. Energy Kinetics
650 Knowles Avenue 186 Broad Street

Southampton, PA 18966 Washington, NJ 07882-1804

Hike Zlatkln

Burnham

P.O. Box 3079

Lancaster, PA 17604
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