THE HEAT PUMP IN AGE/AEP AREA

Introduction

The Roanoke Chapter of ASHRAE, chartered in 1975, encompassed the geographical area of Virginia and West Virginia served by Appalachian Power, an operating company of American Electric Power (formerly American Gas & Electric).

The climate was favorable for the use of air-to-air heat pumps.  The five-year average 1974-1978 records show the average winter temperature at 46 degrees, heating degree-days at approximately 4200 and cooling degrees at approximately 1200.  Those conditions have remained somewhat stable during the ensuing years.

The growth of the heat pump market resulted from a favorable climate, an aggressive sales program by AEP, which was implemented by the operating companies, the efforts of many architects, engineers, distributors, contractors and some kindly media reports.  One effective sales tool for determining the applicability of heat pumps to commercial jobs was AEP’s computer program commonly referred to as BEEP (Better Energy Estimating Program).

BEEP was in use in the sixties and had the capability of developing heating/cooling loads, comparing different systems including competitive ones, evaluating heat recovery, estimating energy costs including competition, as well as predicting kw demand.  The use of BEEP was not limited to Appalachian Power Company’s sales personnel; it was used by some consultants and a few large mechanical contractors.

In the early seventies AEP introduced a computer program for residential applications.  It was an uncomplicated method, easy to use, and was well received by small contractors.  The program was referred to as TEL (Total Electric Living) and served Appalachian’s residential sales people quite well.

Several of Roanoke’s ASHRAE Chapter members have been responsible for the design applications and installations of many heat pumps since the mid-seventies.

The air-to-air heat pump was introduced in Appalachian Power’s area by GE through their selected distributor, Richardson-Wayland Electric, Roanoke, in the late forties.  A one-day meeting was conducted for Appalachian’s sales personnel and other interested parties (few in number).  That was the beginning of the heat pump story for central and southwest Virginia.

Credits and acknowledgements are given to AEP for the following history, which is being used with permission.  The information was originally published in the book titled:  

And There Was Light, the story of American Electric Power, Its First 85 Years—1906-1991, which was copyrighted by American Electric Power in 1992. 

HISTORY
AGE (American Gas & Electric) designed and installed its first heat pump in 1934, more than half a century ago.  It was a test installation in the Salem office of Atlantic City Electric.  From that point on, AGE researched and promoted the heat pump at every opportunity.

The Salem heat pump, crude by today’s standards, was the joint creation of Philip Sporn, then AGE’s chief engineer, and Eugene R. Ambrose, then a refrigeration engineer with GE.  Sporn long had agitated for work by the manufacturers in the heat pump field and, throughout the rest of his career, continued his interest by sponsoring  test projects on the AGE System and persuading both GE and Westinghouse to get into the business.  Ambrose joined AGE in 1939 and spent the remainder of his career directing the company’s development of the heat pump and other heating and cooling systems.  Although there were many setbacks along the way, the single-mindedness of purpose displayed by Sporn and Ambrose went a long way toward advancement of the heat pump to its present level of performance and position in the heating market.

That first company heat pump used air as its heat source (Salem, 10 miles south of the Mason-Dixon line, had a milder climate than much of the AGE System of 1934).  The unit’s heating-cooling functions were changed by manipulating two pairs of two-way globe valves, there being no suitable automatic valves available at the time.  Although the system’s defrost concept worked, the cost of the transformers needed to provide the low-voltage, high-current flow for defrosting, coupled with the high cost of electrically isolating the outdoor coils, proved prohibitive, and the concept saw no further development until 1947.

Problem after problem plagued the early development of the heat pump.  The country was in the midst of its worst depression.  Air conditioning was in its infancy.  And the various components needed for the heat pump had not been perfected.  For example, expansion valves were in an early and crude stage of development; compressors were slow and inefficient; solenoid valves were heavy and undependable, and the early automatic temperature controls were expensive.  Also, copper refrigeration piping systems, put together with soldered joints, had little resistance to vibration and frequently broke, allowing the refrigerant to escape

Early on, the attention of AGE engineers was directed toward the heat pump that used ground water as its heat source, since such machines require no defrosting and can be switched to heating or cooling simply by diverting two streams of water.  The first ground water heat pump on the AGE System was installed in Kentucky and West Virginia Power’s new office building in Pikeville in 1936.  This pioneering system remained in use until 1958, when well problems and the advancing age of the equipment dictated its replacement with an air-source unit.  Another early water source system was installed in Appalachian Electric Power’s new Logan office in 1938.  It, too, later was converted to air, but for a different reason.  Its well water heat exchanger became fouled with a rare chemical deposit that proved impossible to remove.

The AGE System companies continued to work on well water heat pumps for many years, including participation in joint projects with manufacturers, but, by the late 1960,s so many non-mechanical problems had arisen that AGE dropped that effort to concentrate on the air-source heat pump, which by then had advanced to a high state of the art.   Most of the problems were associated with the water supply:  falling water tables, chemical fouling of the heat exchangers, corrosion, plugging of the supply and return lines, unpredictability of the chemical properties of the ground water and the high cost of drilling.

It was appropriate that a pioneering 15-ton, air-source  heat pump was installed at the big, new power plant named in Philip Sporn’s honor and placed in service in 1950.  This system, designed by Ambrose, heated and cooled the switchyard control building.  It was augmented by a smaller three-ton unit that employed blackened plate coils using the sun as the heat source.  Heat collected by this unit was stored in large water tanks for use during those periods when the building’s heat loss exceeded the capacity of the main heat pump.  The solar heat pump was operated for several years on test.  However, the high initial cost of solar systems discouraged further attempts at tapping this inexhaustible source of heat until1974.  The Arab oil embargo changed all that.

Another advance in heat pump development came in 1949 with construction of Appalachian Electric Power’s new general office building in Roanoke.  Its heating and cooling requirements were supplied by a large three-unit heat pump system with a connected load of 345 horsepower and equipped with the first large four-way valves ever designed for heat-pump duty.  It was not only the largest air-source system built in the United States up to that time, but the first known application of direct heat recovery and simultaneous heating and cooling.  The building’s auditorium could be cooled while the main system was on heating, with the heat removed in cooling the auditorium returned to the rest of the building to help in its heating.

But the electronics age caught up with the Roanoke system.  Heat from the building’s newly installed computers and other office-automation equipment so unbalanced the winter heating and summer cooling loads that the heat pump simply could no longer perform.  It was replaced in 1973 by a larger, modern, screw-type compressor water-chilling system—which was done, according to Dean B. Jenkins, Ambrose’s successor as manager of the Service Corporation’s Heating & Air Conditioning Section, “to the intense regret of many people throughout the company.”

Every new office building constructed by a System company featured a custom-designed heat pump, and the AGE System unabashedly used them as showcases to encourage commercial and institutional installations of the tailor-made heat pump.  At the same time AGE engineers, and in particular Sporn himself, were working with the manufacturers and other utilities in the development of a package heat pump unit to provide residential customers with all-year air conditioning.  That period was a struggle.

In 1948, the System installed six “factory-built” test-model residential heat pumps using air as their heat source.  Five of them, manufactured by the York Corporation, were  placed in homes in Roanoke and Abingdon, Virginia; Coshocton, Ohio; Kingsport, and South Bend.  The sixth, a GE model, was installed in Canton.  In its 1948 annual report, the company reported: 

 “A great deal of much needed operating experience is being obtained

 from these experimental installations, and this should be of great help in
 

 indicating the next step in the development program.”

That was an understatement.  The “experience” was more like a disaster.

The units had been fitted with the first small four-way valves designed for heat pump service.  The disc material in the valves soaked up Freon gas under high pressure and, in the ensuing cycle change, the expanding trapped gas literally blew the discs to bits.  Compressor drives were poorly designed; the units failed to defrost; tubing broke constantly from the vibration, and relays and solenoid coils were forever failing.  It was a clear signal that the job of perfecting a workable packaged unit would be long and difficult.

When that day finally came, AGE was ready.  The System companies helped develop dealerships for the new units and trained 1,000 of their personnel; conducted educational programs for architects, engineers and builders; built up a staff of 24 sales specialists and application engineers; presented hundreds of slide-illustrated talks; prepared dozens of articles for various trade journals; conducted employee information sessions; ran sales campaigns; offered employees long-term, low-cost financing for the purchase of heat pumps for their own homes, and offered customers complete heating plans and specifications, at no charge, including the securing of bids, if desired.

At the same time, Sporn was pushing and cajoling the electric utility industry—if it were to achieve its long-time objective of the all-electric home—to jump on the heat pump bandwagon or, failing that, at least to join in promoting electric resistance heating.  In a talk at the 21st annual sales conference of the Edison Electric Institute in Chicago on March 30, 1955, he cited 10 good reasons why his peers could not afford not to concentrate their efforts on the heat pump:

1. Summer air conditioning was rapidly becoming accepted as essential and for 

the most part would be electric.

2. Development of a summer air-conditioning load already had resulted in an 

unfavorable effect on electric utilities that was bound to be further aggravated.

3. Solution to the high summer air-conditioning peak, with its low annual load 

factor, was a high winter electric heating load.

4. If the industry were to quadruple in size, as anticipated, it was essential to 

develop a year-round heating/cooling load to keep the proper balance and stability in utilities’ financial structures, revenues and earnings.

5. The heat pump was the ideal solution for year-round heating/cooling of homes 

as well as commercial establishments.

6. Promotion of the heat pump did not preclude development of the heating-

resistance market where heating only was desired.

7. Promotion of both resistance heating and the heat pump was essential to 

protect the appliance market (customers with electric heat would be more apt to buy electric ranges, water heaters, etc. because of the lower rates available to high-use customers).

8. Getting a substantial share of the year-round heating/cooling market was not 

going to be easy, but promotion of the heat pump would help.

9.  The heat pump gave electricity the edge in its competitive struggle with fuel-

     burning equipment for the year-round heating/cooling market.

10. And, with development of a substantial year-round electric heating/cooling 

load, the means would be at hand for utilities, manufacturers, contractors and dealers to develop such load to its fullest potential.

By the end of 1956, the AGE System was serving 533 heat pump installations and had contracted to serve another 102.  Of these, 364 were in homes (including those of 50 employees), 226 in commercial and industrial buildings and 45 in company office buildings.  But that was only the beginning.

It was no surprise that, given the AGE System’s long-time interest and experience in the heat pump, it would push that system for all it was worth.  What was surprising, however, was AGE’s announcement in late 1953—even as it was setting up a sales organization and programs to promote the heat pump even more actively—that it would simultaneously promote electric resistance heating and conventional air conditioning.

The first permanent residential electric heating system had come on AGE System lines only seven years earlier and, like the first electric heating of an AGE office building, it was in Kingsport.  That city later also boasted the first electrically heated federal government building (the post office) and, at the time, the largest electrically heated school building in the country (Dobyns-Bennett High School).

Dr. Raymond Steadman, a general practitioner newly discharged from the Army Air Corps following World War II, had approached Kingsport Utilities with the proposal that his eight-room pink stucco home be heated by electrical wall units.  The company agreed—“reluctantly,” in the words of the doctor’s widow, Bonnie—but proposed to install monitoring equipment in the basement to keep tabs on the system’s performance.

The foresighted doctor died in 1965 but Mrs. Steadman, now 83, still lives in the house at 1305 East Center Street, and it’s still heated by the wall units.  She remembers the first electric bill after the system was installed:  it was for the month of October, 1946, and came to $30.  For the comparable month of October, 1991—some 45 years, many appliances and considerable inflation later, and after the AEP System had recorded the addition of its 675,000th residential electric heating customer—Mrs. Steadman’s electric bill was $69.69.

In its 1953 announcement that it was going to promote all kinds of electric heating, AGE made it clear that, whatever the customer wanted, the customer would get.  The late Al Snyder, manager of the company’s Sales Division at the time, explained the philosophy behind the decision in the December 28, 1953 issue of Electrical World: 

“About 1-million homes are being built each year.  About 30,000 are in our territory.  The past 10 years have seen tremendous growth in air conditioning and a considerable growth in resistance heating.  So, in order to obtain our proper share of the residential market and bring the goal of the truly all-electric home into actuality, we have embarked on a stepped-up program embracing not only the heat pump but also residential air conditioning and resistance heating.” 

Snyder conceded that the heat pump offered the more satisfactory method of heating and cooling and that it would find its greatest application in those homes where complete year-round air conditioning was desired  Nonetheless, he pointed out, first cost was a consideration for many families and, for them, resistance heating—whether by radiant panels, built-in ceiling or floor cable or other types of heating—was the answer, especially where the customer was interested principally, or only, in heating.  He then concluded:

“We believe, therefore, that, by promoting these three pieces of equipment, we can achieve a good balance between heating and cooling loads. This, in turn, will result in higher overall load factors for the residential class and lower overall cost of  service than would result if we promoted only one.  We are promoting these same pieces of equipment for commercial and industrial as well as for residential users for much the same reasons.”

The decision having been made, the AGE sales staff moved ahead quickly, as it had, earlier, ion the heat pump field.

The AGE companies worked with manufacturers of resistance-heating equipment to establish dealers in their territory; conducted employee information meetings; developed literature; cooperated with builders to help them sell their electrically heated homes; located demonstration model homes in strategic sales areas; conducted System-wide sales campaigns; held programs for builders, architects and the general public; presented the electric heating story to civic clubs and at fairs and home shows; advertised extensively, and developed, in cooperation with General Electric, the first all-electric builder-architect caravan, which was exhibited at 17 locations in the System’s seven states.

Within three years, the System increased its residential heating installations from 1,532 to 7,056.

And, in the two decades that followed, there were these highlights, year by year, a selected few from among many:

In 1954, the System recommended that all new and remodeled homes employ 100-ampere electric service (the 60-amp level had been recommended since 1934).

In 1955, Ohio Power sold 80 heat pumps to the Sharon Homes subdivision in Lima, the first large development of its kind east of the Mississippi, and Indiana and Michigan began serving the System’s first all-electric school, Parkside Elementary in Hartford City, Indiana. 

In 1956, Phil and Sadie Sporn were building a home in North Stamford, Connecticut, where they planned to live part time while maintaining their apartment in Manhattan.  The subject of the new home came up on a social occasion, when a director—whom Sporn never named—asked him why it was not being heated electrically.  A non-plussed president of the world’s No. 1 utility in heat pump promotion protested that this simply was not so.  Then, to lay the rumor to rest and “to clear my reputation,” Sporn informed all of his fellow directors, officers and management members, in his own newsletter, “The house will be heated by a heat pump (GE Weatherton WC66C1) and will have almost every electric appliance for living that a modern home should have and can use with benefit.”  He went on to reveal that the houses’s connected load was estimated at 56 kw, that his monthly bill would run 50 percent higher than if it were on the AGE system and that, in fact, he was installing a five horsepower emergency gasoline-driven generator.  So there.

Ten months later, Sporn thought it best to follow up with a personal progress report.  He wrote:

“The president and his family have been spending a portion of each week at their home in Connecticut.  I thought the readers would be interested to know that the living experience to date confirms everything that the president has had to say about the heat pump these past 25 years or so, all of which was before he had an opportunity to live in a house conditioned by the heat pump.  And his less technical partner is almost as enthusiastic about the heat pump as he is.”

In 1956, the AGE companies joined the national “Live Better Electrically” and “Housepower” campaigns, and, in 1958, the national “Medallion Home” program, an incentive system for builders and buyers of all-electric homes.  In its very first year 592 gold medallions were awarded to the owners of those homes meeting the highest standard for electric heating, lighting, wiring and major appliances.

In 1959, President Sporn, speaking at the AEP System’s annual management meeting in Canton, visualized 500,000 residential electric heating customers on the System by 1975.  Five years later, President Cook, addressing the same audience in Wheeling, backed off from his predecessor’s sights and moved the goal’s attainment year to 1980.  At the same 1964 meeting, Sporn, by then retired as an officer but still chairman of the Board’s System Development Committee, gave his well-regarded “Inventing the Future” speech, in which he projected a goal of 1-million electrically heated homes by the year 2000.  (The 600,000 milestone was passed in 1987.)

In 1961, Appalachian Power ran service to the new Crossroads Mall in Roanoke, a six-acre shopping center under one roof using 4.3 million kwh a year—then the equivalent of the usage of about 1,000 average homes.

In 1962, the System companies established a new, lower rate for all-electric homes:  1.2 cents per kwh for electric use in excess of 800 kwh per month, representing a 20 percent reduction for most of the System.

In 1963, AEP was instrumental in the founding of the Electric Heating Association, formed by more than 100 electric utilities, coal producers, coal-carrying railroads and manufacturers allied with the utility industry.  Cook was elected its charter president, and J. H. K. Shannahan, a former AEP assistant vice president, commercial, and Paul C. Greiner, of I&M’s Commercial Department, joined EHA as its top operating officials.  (In 1972 EHA and Edison Electric Institute’s marketing functions were merged into a new Electric Energy Association, and in 1975 that association was merged into EEI.  In 1982, Greiner rejoined the AEP System and was named vice president—marketing and customer services of its Service Corporation.  He retired in 1990.)

By 1965, almost half of all housing starts and 83 percent of all apartments on the AEP System were committing to electric heating.

In 1966, the AEP System put in effect its fourth major rate cut in four years, and the average price for residential electricity used that year dropped below 2 cents (to 1.95 cents) for the first time.  Four years later, in 1970, it was to drop to its all time low of 1.81 cents.

By 1967 the System was serving 450 all-electric school and college buildings, as well as thousands of other commercial and institutional establishments, including hospitals, churches, government buildings, office buildings, banks, supermarkets, service stations and bowling alleys.

Also, there was at least one electrically heated outhouse, billed of course at residential rates.  It was in Kentucky Power’s Ashland Division and was an ingenious contraption, designed exclusively for winter-time use.  The owner had mounted, two infrared lamps from a two-by-four “arm” that hung suspended over the seat and was fastened to the wall by a hinge.  One would turn the warming lamps on from the house and, by the time of arrival in the privy, the seat would be warm.  One simply pushed the arm back out of the way during occupancy but of course had to remember to return the arm to its position over the seat after use.

In 1968, the System connected its 100,000th electrically heated home.  (By then the average electric heating customer was using 22,153 kwh a year and paying $294 for the service.)  Five years later, in 1973, the System connected its 200,000th residential electric heating customer; in 1976, No. 300,000; in 1980, No. 400,000, and in December 1982, its lone-sought goal of half-a-million.  It came seven years later than Sporn’s forecast and two later than Cook’s.

Customer No. 500,000 was a young couple, Glenn and Nancy Hall, who had bought a new house in the Olde Sawmill subdivision in Columbus and moved in, in February, 1983, with their son, Adam, 3, infant daughter, Leah, and cocker spaniel.  Befitting the milestone occasion, there were a couple of house-warming gifts.  General Electric presented the couple its newly introduced, high-efficiency, super-duper Elite model heat pump, replacing the heat pump that had come with the house, and Columbus and Southern Ohio Electric gave them a microwave oven.

From the beginning, in conjunction with their development work on the heat pump and sale and promotion of both the heat pump and resistance heating, the AGE companies always insisted on good energy-conservation practices. The development of precise methods for calculating the heating and cooling requirements of all types of buildings and for recommending insulation thicknesses for ceilings, walls and floors was a good example.

As Dean Jenkins put it,

“We really had no choice in the matter, since the energy we had to sell cost more than five times as much, Btu for Btu, as its cheapest competitor, and any oversized electric heating system priced that system out of reach of most of the market.  Ironically, our gas and oil competitors in the heating business once laughed at our energy-conservation practices, basing whole advertising campaigns on ridiculing them.  Today, with gas and oil very dear in price, no one is laughing now.

“Energy conservation is now a requirement for survival in the energy business, but we always will be able to say that our company led the way.”
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