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EXECUTIVE SUMMARY 

The purpose of this study is to estimate the potential employment and income benefits of the 
emerging market for gas cooling products. The emphasis here is on exports because that is the major 
opportunity for the U.S. heating, ventilating, and air-conditioning (WAC) industry. But domestic 
markets are also important and considered here because without a significant domestic market, it is 
unlikely that the plant investments, jobs, and income associated with gas cooling exports would be 
retained within the United States. 

The prospects for significant gas cooling exports appear promising for a variety of reasons. There 
is an expanding need for cooling in the developing world, natural gas is widely available, electric 
infrastructures are over-stressed in many areas, and the cost of building new gas infrastructure is 
modest compared to the cost of new electric infrastructure. Global gas cooling competition is 
currently limited, with Japanese and U.S. companies, and their foreign business partners, the only 
product sources. U.S. manufacturers of W A C  products are well positioned to compete globally, 
and are already one of the faster growing goods-exporting sectors of the U.S. economy. Net W A C  
exports grew by over 800 percent fiom 1987 to 1992 and currently exceed $2.6 billion annually (ARI 
1994). 

Net gas cooling job and income creation are estimated using an economic input-output model to 
compare a reference case to a gas cooling scenario. n e  reference case reflects current policies, 
practices, and trends with respect to conventional electric cooling technologies. The gas cooling 
scenario examines the impact of accelerated use of natural gas cooling technologies here and abroad. 

The gas cooling scenario is based on aggressive pricing of gas heat pumps and chillers. Such 
pricing may come fiom manufacturers intent on building their global businesses. The estimated 
domestic market share would result in about 290 BCF of additional natural gas use in U.S. 
residential and commercial buildings by 201 0. For comparison, gas industry estimates range as high 
as 800 BCF by 2010, 500 BCF directly attributable to cooling and 300 BCF in other loads that 
would be lost without cooling (Gas Utility Report, 9/2/94). The export estimates are based on 
manufacturer's projections as reported in a previous study (Geletka and Cobb, 1993) and qualitative 
analysis of energy infrastructure developments outside of the U.S. 

Job and income creation due to domestic gas cooling shipments are estimated net of secondary 
effects such as displaced conventional W A C  equipment, reduced electric consumption, and 
increased gas consumption. The estimated job and income creation due to exports assumes that 
exports displace products manufactured in other nations. Global gas cooling markets exist and, in 
the absence of American competition, these markets will be exclusively served by Japanese 
companies and their foreign business partners. 

We estimate that the gas cooling scenario would create a net of 626,000 job-years of new 
employment and about $5.7 billion (1 993 dollars) in net exports during the 1996 to 20 10 analysis 
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period. The average employment gain over the 15 years is 41,700 jobs (626,000 divided by 15), of 
which about 10,400 are the result of exports. The employment gain in 201 0 is about 100,000 jobs. 

We also estimate that in 1993 dollars, the gas cooling scenariu would create $14.7 billion in new 
wage and salary income through 2010, for an average of $979 million annually ($4.7 billion divided 
by 15), or about $23,500 annually per job. Also in 1993 dollars, the wage and salary gain in 2010 
is $2.2 billion, or about $22,000 annually per job. 

In addition to wage and employment benefits, the gas coozing scenario avoids 18.3 GW of domestic 
electric generation capacity, lowers domestic residential and commercial customer utility bills by 
$17.6 billion (1 993 dollars), and expands domestic HVAC markets by $3.3 billion (1 993 dollars) 
cumulatively through the year 2010. 

The US. continues to build a strong base of intellectual property and international patent protection 
in several gas cooling technologies. Although this has been accomplished largely through gas 
industry and public investment, recently formed partnerships have now also attracted HVAC 
industry investment in a number of technologies. 

Realization of the estimated job and income benefits will require aggressive development and 
marketing of reliable products with market-clearing price and performance characteristics. Although 
the mandacturers involved with gas cooling technologies believe it is possible to reach the product 
selling prices used in the analysis, this has yet to be proven. Higher priced gas cooling products 
would win less market share here and abroad, create correspondingly fewer job and income benefits, 
and each unit of benefit would require greater societal investment than the current analysis indicates. 
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PROJECTED GAS COOLING EXPORTS 

This section summarizes the basis for the gas cooling export projections used in the gas cooling 
scenario. 

Industry Proiections 

The University of Pittsburgh (Geletka and Cobb 1993) recently completed a study of gas cooling 
export potential, As part of the study, the authors polled three large domestic equipment 
manufacturers and documented the average of their absorption chiller export projections for the 
period 1995 through 2004. While absorption exports to Europe and Africa were expected to rise to 
$50 million annually by 1995 and then remain relatively flat, exports to Mexico, Central and South 
America, and Asia were expected to explode to an additional $50 million by 1995 and to $300 
million by 2004. If these projections are correct, absorption chiller exports would have to grow from 
1993 levels of about $8 million to about $100 million in 1995 and about $360 million in 2004. 

Are The Industrv Proiections Possible? 

To substantiate whether such growth rates were possible, the Pittsburgh study examined the potential 
cooling markets in less-developed countries. The roughly 100 countries recognized as less 
developed by the World Bank were screened for having a climatic need for cooling; having the 
political stability and organization necessary for energy infrastructure data to be available and 
collected by the Energy Information Administration (EIA); and having gas available and gas 
infrastructure existing, under construction, or planned. A total of 34 countries met these criteria. 
By considering only floor space additions due to new construction of commercial, health, and 
medical facilities in these 34 countries, the Pittsburgh study estimated that over 5 million tons of 
cooling capacity annually would be required in the projection time frame. At $300 per ton for 
absorption equipment at point of export (approximately FOB factory in 1993), that would be a $1500 
million annual market. Gas cooling exports of $360 million would be 24% of that market, or a 
smaller share of the total market if all building types had been accounted for. 

In considering whether a 20% or so share of the developing world cooling market is realistic for gas 
cooling, it is usefbl to review some of the findings in a recent article in Technolop Review written 
by a senior researcher at Worldwatch Institute (Lenssen 1993). There are 4 billion people in Africa, 
Asia, and Latin America striving to improve their lives. Through a combination of efficiency and 
alternative energy sources, developing countries can “leapfrog” to the advanced technologies being 
commercialized in industrial countries today, avoiding billions of dollars of misdirected investments 
in hfiastructure that is economically and environmentally obsolete. Many developing countries 
have extensive untapped reserves of natural gas, which could supplant oil and coal in buildings, 
transport, industry, and power generation. When international oil companies operating in developing 
countries find natural gas in an exploratory well, they usually cap the well and write the venture off 
as a tax loss. Yet a natural gas well just one-hundredth the size needed for commercial export would 
be cost-effective for local use. The key is building the infrastructure needed to bring natural gas to 



the large markets awaiting it. Substantial reserves of natural gas have already been found in some 
50 developing countries. Many of the oil-producing and exporting countries have burned off (flared) 
gas as a waste byproduct of petroleum production without capturing any useful energy. In Nigeria, 
for instance, several oil producers burn as waste a total of 1.5 billion fi3 of gas a day-equal to 3% 
of U.S. demand (Solomon 1994). 

Lenssen observes that many developing countries are still contending with shortages of electricity. 
India's shortfall averages 9%, rises to 22% during peak periods, and is worsening. China's shortfall 
results in regular shutdowns of industry; it idled one-fourth of the country's industrial capacity in 
1987. Electricity shortages are costing Latin America's industry as much as $15 billion per year in 
lost output. And 2.1 billion people worldwide live in areas with no electricity at all. 

Gas And Electric Infrastructure Costs 

According to a recent survey of current and planned natural gas infrastructure construction outside 
of the United States and Canada (Ives 1993), about 52% of the current construction activity and 56% 
of the planned activity is in the Asian and Latin American areas where the greatest gas cooling 
growth is anticipated. The survey indicates that much of the gas pipeline construction activity in the 
developing world is initially aimed at serving liquified natural gas (LNG) export terminals and 
domestic industrial and power generation needs. But the difference in costs between electric 
infkastructure and gas infrastructure to serve a wide variety of end-uses is not likely to go unnoticed. 
Here in the United States, the ratebase (plant less depreciation) required to deliver energy to 
customers in the form of electricity is about 10 times higher than the ratebase to deliver the same 
energy in the form of natural gas (EIA 1991 ; AGA 1991). Ratebase is a measure of historical costs. 
In a forward-looking integrated resource planning context, the 10-to-1 ratio appears also to hold for 
the case of obtaining additional peak-day supplies of electricity or gas for applications already 
connected to the electric and gas grids Gaul and Kihm 1992). 

Developing countries using export cash flows (e.g., from LNG exports) to attract financing for 
domestic development will be looking to avoid billions of dollars of misdirected investments. 
Electricity is a highly processed and expensive form of energy that cannot be stored easily, and it 
is unlikely that the developing world will rely exclusively on electric cooling with its associated load 
peaks and low-system-load factors. The cost to lay additional increments of gas distribution pipe 
in urban areas to accommodate gas cooling (and heating, hot water, cooking, industrial use, etc.) is 
likely to be far less expensive than the avoided electric infrastructure costs to serve all of these needs 
with electricity. In addition, the electric infrastructure that is actually built would be able to run at 
highly economical load factors. 
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Do Gas Infrastructure DeveloDments Support The Industry Proiections? 

The Ives survey and observations by A.D. Little in a survey for the U.S. Department of Energy 
(ADL 1993) appear to confirm that the trend in energy infrastructure development overseas is toward 
increased emphasis on natural gas. This trend supports the equipment manufacturer projections of 
growing export potential for gas cooling equipment. A summary of Asian, Latin American, and 
other gas infrastructure developments is provided below. 

Asian gas infrastructure. Japan is the second largest market in the world (after the U.S.) for 
cooling equipment, far ahead of the next largest. More than 50 percent of residences in Japan are 
connected to the gas grid; in some utility service areas (e.g., Osaka Gas, Tokyo Gas), more than 80 
percent are connected. A similarly high percentage of commercial buildings are connected. 
Japanese production of gas-fired absorption chiller units exceeds that of the U.S. by a factor of 10, 
and currently 90 percent are placed domestically. Gas heat pumps were introduced in Japan in 1987 
and 100,000 units were placed through the end of 1991. In the service territory of Osaka Gas, over 
70 percent of the chiller capacity placed in large buildings (greater than 86,000 fi2) in 1991 was gas- 
fired Veda 1993). The gas grid in Japan is supplied primarily by LNG imports and subsea 
pipelines. 

Taiwan already has an extensive urban gas grid reaching residential and commercial customers. This 
grid is served by LNG imports, and expansion of the Yungan LNG receiving terminal is planned. 
South Korea has an extensive urban gas grid under construction in the central and west coast regions 
and recently enacted a regulation requiring new large commercial buildings to use either absorption 
chillers or thermal storage to reduce peak electric utility loads. The Korean grid is served with LNG 
imports from Malaysia, and steps are being taken to diversifl supplies (from Australia, Yemen, 
Qatar). In Viet Nam construction is either under way or planned to start in 1994 on three natural gas 
supply lines (subsea pipelines from Bach Ho field and Erawan field to landfall, and from Bachtto 
to Vuns Tu). 

Malaysia's LNG export terminals are in the East, but the domestic demand is in Peninsular Malaysia. 
The Peninsular Gas Utilization project will connect gas fields offshore of Terenganu to markets all 
over Peninsular Malaysia and Singapore. Construction has begun on Singapore to connect Johor 
Strait and Queenstown, Toh Tuck, and Kallang districts to the new Malaysian supplies. In Thailand 
a residentiakommercial gas grid in Bangkok is under development and is expected to be in place 
in 1996. The Petroleum Authority of Thailand is moving forward with plans to establish a national 
gas grid connecting offshore Erawan field supplies to Khonom District, connecting Nam Phong field 
to Bangkok and Saraburi, and establishing connections to Khonkaen and Chon Buri Provinces. 

In Indonesia there are large potential gas demands in Java and Jakarta. Stage I of the Trans-Java gas 
pipeline project between the demand centers and indigenous supplies is under way, and the entire 
project should be completed in the late 1990s. Construction is close to starting on a subsea gas 
pipeline from China's Yacheng field offshore from Hainan Island to Hong Kong, 480 miles away 
(the second longest pipeline in the world after Zeepipe in the North Sea). China continues to look 
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at a national distribution grid and related facilities that would measure up to 4,400 miles. The grid, 
covering several provinces, would move both natural gas and regasified LNG. Australia's future 
plans call for nearly 4,800 miles of new natural gas lines as the country seeks to expand the national 
grid to develop competitive energy prices and serve export markets. 

India has initiated an aggressive campaign to eliminate gas flaring in its oil production regions. A 
subsea gas pipeline is under construction fiom the offshore Bassein field to a terminal near Bombay, 
and another has been approved. India's Gas Authority has proposed a national gas grid linking the 
North, West, South, and East regions of the country (over 11,400 miles of pipe). Final planning for 
New Delhi's gas distribution system and for a link between the Godavari Basin fields and Kikinada 
is under way. Bangladesh is considering some 1,500 miles of gas transmission and distribution 
pipeline ranging in size from 2 in. to 14 in., which is aimed at fostering the country's industrial and 
economic growth. 

Latin American gas infrastructure. In addition to Asia, the other major gas cooling growth area 
is likely to be in Latin America. Here too, gas infkastructure development appears to be accelerating. 
Mexico already has considerable gas infrastructure and plans an additional 350 miles of pipeline in 
the next 5 years. Mexico's major new markets for gas in this period are in the North, particularly 
across from California. These needs are expected to be met with new U.S. lines transporting U.S. 
and Canadian gas. 

This year's privatization initiatives by the government promise to make Argentina a major consumer 
and exporter of natural gas in the near future. Financing for the Argentina-Chile pipeline system is 
expected to be resolved shortly. The 740-mile pipe will cross the Andes and connect Argentina's 
Neuquen province fields to a distribution network in Chile that will serve Santiago initially. Export 
lines to Brazil, Uruguay, and Paraguay are also under study. 

Bolivia and Brazil have reached agreement on transporting natural gas from southeast Bolivia to 
consuming regions of Brazil. The total project calls for about 2200 miles of pipe and initial 
deliveries starting in 1997. There already are extensive gas grids in Rio de Janeiro and Sa0 Paulo, 
and grid expansions are expected in other cities in the south and southeast. The natural gas exports 
will more than double the revenues of Bolivia, providing resources to support Bolivian economic 
development. 

Columbia is making a major push for gas utilization, featuring pipeline and other facility 
construction reaching $3 billion by the year 2015. Gas use will extend to power generation, 
industrial, commercial, residential, and vehicular uses. The state-owned Ecopetrol will oversee most 
of the activity. Ecopetrol envisions a gas network from the north coast to central Columbia, as well 
as a series of regional lines. Some segments are scheduled for completion in 1994 and 1995. Gas 
supplies associated with both domestic oil fields and imports are envisioned. Venezuela is 
considering proposals for a pipeline to export gas to Columbia. Also, the government recently 
approved the construction of an LNG export terminal for gas supplied from four gas fields in the 
Caribbean Sea north of Paria Peninsula. 
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Other areas of the world. Other areas of the world besides Asia and Latin America are also 
experiencing rapid gas infrastructure development. Expanding demands for clean-burning fuels in 
Europe are driving construction of natural gas pipelines fiom the former Soviet Union (FSU), North 
Africa, and the North Sea. The greatest activity is in the North Sea, where Zeepipe Phase I is 
wrapping up, and Zeepipe 11, Europipe, and Haltenpipe are under way. 

Increased pipelining in Afiica is closely tied to natural gas expansion in Europe. Algeria has trans- 
Mediterranean loop construction to Italy under way and has started engineering its part of the 
Magheb-Europe system that will transport gas from Algeria to Spain, Portugal, and eventually 
France and Germany. Libya is in a position to tie in its production. 

Most of the countries of Western Europe have well developed gas grids, but a few are catching up 
now. Denmark plans a 2,400-mile expansion of its gas distribution system. Germany has several 
expansions under way, including a new system to supply gas to the former East Germany fiom the 
FSU and the West. Much of the planned activity in Eastern Europe and the FSU appears to be 
delayed by political and economic instability. 

The Mideast oil-exporting nations are beginning to place greater emphasis on seeking domestic and 
export markets for gas. Abu Dhabi has nearly 300 miles of pipe scheduled for completion in 1995 
and 1996 that will provide links fiom Habshan to Ruwais, Bab to Miffa, Bab to Taweelah, and 
Maqta to Taweelah. Iran will complete a line fiom Neka to Resht in 1994 and has another planned 
fiom Dalan to Khuzestan. Iran is also considering enormous pipeline projects to export gas to 
Pakistan and Turkey. Oman is planning a 900-mile subsea pipe to India, as well as LNG exports. 
Qatar is expanding gathering lines to feed its Ras LafTan LNG export terminal and is studying a 995- 
mile subsea pipe to Pakistan. Syria is constructing gas gathering lines to fuel power plants with 
domestic gas supplies. Egypt is expanding its gas grid, particularly in Cairo, to reach an additional 
235,000 houses and 5,000 commercial and industrial customers. 

Gas Cooliw Export Profections Used In This Studv 

There appears to be considerable evidence that gas infrastructure construction in the developing 
world can support gas cooling equipment export growth similar to that projected by industry. 
Particularly in Asia, many cities already have low-Btu town gas systems (gas derived fiom coal) that 
can be served with natural gas as it becomes available. Only the United States and Japan 
manufacture and sell significant quantities of gas cooling equipment, whereas many other nations 
(South Korea, Taiwan, Malaysia, China, many European countries) have considerable domestic 
production of electric cooling equipment (primarily small unitary equipment). The growth markets 
for cooling equipment are in the developing world, where electric infrastructure must also grow. 
Avoided electric supply costs more than make up for the cost premium of gas cooling equipment. 
Most gas cooling equipment can run on oil, propane, or regasified LNG and therefore can be placed 
in service before robust electric or gas infrastructures exist, and then inexpensively converted to 
natural gas when the pipeline is laid. This provides ready-made loads, making it easier to finance 
pipeline projects. Gas cooling equipment gives developing countries a competitive edge by 
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minimizing their overall capital requirements and by making it easier for them to secure the capital 
they need to develop their economies. 

The Japanese will be formidable competitors for this growing market, particularly since many of the 
growth markets are in Asia. But the United States appears on the verge of creating a technology 
edge with the new direct-fued triple-effect absorption chillers and engine-driven chillers (versus the 
less efficient direct-fired double-effect absorption chillers), and absorption and engine-driven gas 
heat pumps (versus the more expensive engine-driven units based on motorcycle engines). Creating 
and exploiting a technology edge will be a key to succeeding in the global competition. The export 
projections used in this report are bounded by current import/export levels in the near term and, in 
the case of chillers, by the industry forecast in the long run. For chillers, the ramp up assumed here 
is slower than the industry forecast. The rationales for unitary and chiller export projections follow. 

The closest equipment category to unitary gas cooling imports/exports in 1992 was the small 
absorption category (Commerce 1994). The imports are primarily small packaged absorption liquid 
chillers from Japan, and the exports are primarily small split-system absorption air conditioners to 
Europe. In 1992, imports were valued at about $5 million and exports at $8 million. 

The overseas markets for unitary gas heat pumps will likely be in areas with significant space 
heating as well as cooling requirements, and with well developed gas grids connected to residential 
and commercial customers. Most of the Asian markets have tropical or subtropical climates with 
limited need for heating, Japan and Korea being notable exceptions. Latin American opportunities 
exist in high altitude regions, and in areas further south such as southern Brazil and Argentina. 
European opportunities for equipment configurations that condition air may be limited because of 
the mild cooling climate and the prevalence of hydronic distribution systems for space heating. But 
a heating-only hydronic configuration would have opportunities in Germany and elsewhere. 
Opportunities in the FSU and Eastern Europe may be enormous because of the extreme climates 
(heating, and in some cases cooling), plentiful gas, and considerable gas infrastructure; but these 
opportunities will likely be delayed by continuing political and economic unrest. Efficient and 
modestly priced cooling-only configurations would have enormous potential in many parts of Asia, 
Latin America, Africa, the Middle East, and Southern Europe. 

All things considered, it is reasonable to believe that unitary gas cooling exports could grow into a 
$400 million per year business by 2010. If we split this market with the Japanese, our share would 
grow to $200 million per year. It is assumed that by 1996 domestic manufacturers will reclaim the 
entire domestic market so that there are no Unitary imports in the base case. In addition, it is 
assumed that exports grow from $8 million to $10 million by 1996. The shape of the export growth 
curve from $10 to $200 million in the 1996-2010 timeframe is based on judgment consistent with 
what is assumed to be happening in the domestic markets. It is further assumed that the dollar value 
of unitary exports will be equally divided between 3-ton and 7.5-ton units. The point of export 
valuation was assumed to be FOB factory. By using the same FOB factory assumptions as for the 
domestic shipments from 1996 through 2010, the number of 3-ton and 7.5-ton units was backed out 
and is presented in the following table for the three 5-year periods. 
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Number of units per 5-year period 

3-ton gas heat pump exports 

7.5-ton gas heat pump exports 

1996-2000 

8,900 

3,893 

2001-2005 

39,500 

18,160 

2006-2010 

53,300 

25,040 

The overseas markets for chiller-class gas cooling equipment are based in part on the Pittsburgh 
study, which indicated a potential $1500 million annual market from 1995 to 2004 based on a 
limited number of building types in less-developed countries. Manufacturers are projecting $360 
million in exports in 2004, or a 24% share. In Japan, gas cooling has about a 70% share of the 
market in large buildings in areas served by aggressive gas companies such as Osaka Gas (Ueda 
1993). In this study, we are projecting about a 24% gas cooling share domestically in the United 
States chiller markets in 2004. The developing countries are generally short of financing, and a gas 
cooling share closer to that of Japan is likely, say 50%. If we split this export opportunity with 
Japan, that gives 25 %, or about what industry is projecting. If $360 million is the value of sales in 
2004, we assume that $400 million is the value in 2010. 

In the gas cooling scenario, we assume that gas chiller exports of all types grow to $10 million by 
1996 and $400 million by 20 10. In 1993 about $8 million in absorption chillers were manufactured 
in the United States and exported (Commerce 1994). This amount is smaller than the uncertainty 
associated with the gas cooling scenario export projections, and therefore exports are ignored in the 
reference case. Summary exports by the three 5-year periods are as follows: 

~ 

TYPe 1000s of tons per 5-year period 

Gas chiller exports (all types) 

1996-2000 2001-2005 2006-2010 

197 1017 1312 

PROJECTED DOMESTIC SHIPMENTS 

This section summarizes the basis for the domestic shipment projections used in the reference case 
and the gas cooling scenario. 

Reference Case Eaukment Shipments Out to 2010 

Residential unitary. The primary gas cooling option in this market is the gas heat pump, a device 
that provides both space heating and cooling. Therefore the reference case “electric” equipment 
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shipments of interest are either equipment combinations (gas fiunaces and electric air conditioners) 
or devices (electric heat pumps) that perform both heating and cooling. 

This study relies on a previously completed market assessment to establish the reference case 
equipment shipments for the 1996-2000 period (Carlson et al., 1994). The 2001-2005 and 
2006-20 10 shipments were projected based on previous analyses of replacement markets (Lewis and 
Clarke 199Oa), and assuming flat new-construction shipments through 20 1 0. Shipments are stated 
as average annual shipments over a 5-year period in recognition that annual shipments are highly 
dependent on the business cycle and can vary widely from year to year. The resulting projections 
are summarized as follows: 

Unif l r  1996-2000 200 1-2005 2006-2010 

Gas furnacehr conditioner combos 1,800,000 1,948,000 2,140,000 

Air-source electric heat pumps 500,000 553,000 6 13,000 

Total 2,300,000 2,501,000 2,753,000 

The furnace/air conditioner combinations are a subset of projected furnace and air conditioner 
shipments. For example in 1996-2000, average annual shipments of gas warm-air furnaces and 
electric central air conditioners are expected to be 2.4 million and 3.1 million, respectively; but only 
1.8 million combinations of the two are expected. Only 50% of the expected electric heat pump 
shipments are listed, corresponding to the approximate number of applications contestable by gas 
heat pumps (most new construction is up for grabs, but in replacement applications, gas is not 
available everywhere). Other central ducted systems (e.g., ground-source heat pumps, dual fuel heat 
pumps) that could be contested by gas heat pumps number about 200,000 units per year in 
1996-2000 but were not considered here. Central hydronic and room unit applications were ignored 
altogether. 

- 

Commercial Unitary. The primary gas cooling option in this market is the gas heat pump. The 
typical configuration is the packaged rooftop unit, although split systems will also be offered. The 
reference case “electric” equipment shipments of interest are conventional gas furnace heauelectric 
cool units, electric resistance heauelectric cool units, and electric heat pump units (backed up by 
resistance heat) of 20 to 25 tons or less. 

The previous market assessment (Carlson 1994) established the reference case equipment shipments 
for the 1996-2000 period. Again, the 2001-2005 and 2006-2010 shipments were projected based 
on previous analyses of replacement markets (Lewis and Clarke 1990b) and assuming flat new- 
construction shipments through 2010. The resulting projections are as follows: 
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UnitNr 1996-2000 2001-2005 2006-201 0 

Gas/electric 

Electric/electric 

Electric heat pump 

540,000 679,000 

90,000 9 1,000 

70,000 98,000 

952,000 

92,000 

1 17,000 

Total 700,000 868,000 1,161,000 

Only 50% of the electridelectric and electric heat pump shipments are listed, corresponding to the 
approximate number contestable by gas cooling. These shipments represent units of about 25 tons 
or less; the average shipment weighted size is about 7.5 tons. Unit volume in larger sizes is low and 
may only support custom gas cooling products serving niche markets. 

Chillers. The gas cooling entrees in this market are water-cooled, direct-fired double-effect and 
triple-effect absorption chillers, and engine-driven chillers. The typical codiguration is a multi- 
chiller plant with a mix of electric and gas chillers. The reference case “electric” equipment 
shipments of interest are water-cooled electric centrifugal and screw chillers that range in size fiom 
about 100 to 3000 tons. 

A previous market assessment (MacDonald, Hughes, and McLain 1992) estimated that 2 1 million 
tons of electric water-cooled chillers would be shipped fiom 1996-2010 to domestic markets. A 
previous analysis of replacement markets (Lewis and Clarke 1990b) shows replacements peaking 
in the 1996-2000 period and declining somewhat thereafter. Combining these projections and 
assuming flat shipments to new construction results in the first line of the following projections. 

However, since these studies were completed, chlorofluorocarbon (CFC) production has been 
mandated to end by January 1996. In round figures, the installed base of centrifugal chillers is 40 
million tons and 80,000 units, and about 80 percent of the capacity uses CFCs (Fischer et al. 1991). 
The original replacement estimates had assumed a full 30-year service life on average. It is now 
anticipated that 20 years may be a more realistic average (Hayner 1993) as building owners weigh 
the costs and benefits of retrofitting existing chillers or changing them out altogether. The second 
row of projections assumes accelerated changeouts, and was used in this study. Domestic chiller 
shipments in 1993 (absorption, centrifugal, and rotary screw) were about 1.7 million tons, indicating 
that the CFC-driven upward trend in shipments is well under way. 

1000s of tons/year 1996-2000 2001-2005 2006-2010 

Centrifugdscrew chillers 
~~ 

1483 1398 1318 

Centrifugdscrew chillers (CFC replacement) 2016 1889 1769 
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It was assumed that essentially all of these electric chiller shipments could be contested by gas 
chillers. Chillers are used in large buildings in metropolitan areas, and almost all metro areas are 
served by gas. Although some large buildings do not have gas service, when heating, cooling, and 
other energy service needs are considered, the potential loads would justify modest line extensions 
in most cases. 

Residential Unitary. A previous market assessment (Carlson 1994) was used to derive a 
relationship between projected gas heat pump shipments and selling price. The 334 metropolitan 
statistical areas (MSAs) were divided into 14 groups (or regions) based on climate, and MSAs in 
each region were further divided into 3 groups based on residential general service gas and electric 
retail rates. In each segment, the gas heat pump was compared with 18 conventional systems (all 
combinations of gas furnaces at two efficiency levels with air conditioners at three efficiency levels, 
in new-construction and replacement applications, Le., 2x3~2=12; and electric heat pumps at three 
efficiency levels, new and replacement, i.e., 3 x2=6). In all, the national market was divided into 756 
segments (14x3~18). 

The energy use, operating cost, and installed capital cost of the conventional system was determined 
for each segment. Gas heat pump incremental installed cost and operating cost established a simple 
payback for the challenging system in each segment. Gas heat pump market fraction was estimated 
for each segment using acceptance versus payback curves (unique for new construction and 
replacements). Market fractions were estimated by segment and then weighted by segment market 
size and aggregated for the nation. The process was repeated at several gas heat pump price points 
to generate a national market fraction versus price point curve. This curve provides a means of 
estimating annual market fraction at a given price point. Gas heat pump shipments over time were 
projected as described in the following paragraphs. 

An engine-driven gas heat pump will be introduced in 1994 at a selling price of $5500 for a 3-ton 
unit set in place (but not installed). Shipments during the 3-year introductory period are targeted 
below the potential shipments (national market fiaction times national shipments of conventional 
units) and are essentially guaranteed as a result of a collaborative program involving the gas industry 
and the manufacturer. Thereafter, it is assumed that selling price drops by 10% in real terms every 
time shipment volume doubles (Boghosian 1993). An absorption gas heat pump will be introduced 
at $4500 for a 3-ton unit in 1997. The economics of absorption heat pump manufacturing require 
immediate large volumes, but the introductory price point makes this possible. A multiyear 
collaborative program should enable volumes to build quickly. The resulting shipment projections 
were made annually but aggregated to 5-year periods in the following table. 
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Unit/Yr 1996-2000 2001-2005 2006-20 10 

Total available market 

Gas heat pumps 

% of market gas cooling 

2,300,000 2,501,000 2,753,000 

75,400 263,500 392,900 

3.3% 10.5% 14.3% 

These projections are based on 3-ton engine-driven units introduced in 1994 at $5500, with price 
reductions to $4950 in 1997, $4455 in 1998, and $4009 in 2000; and 3-ton absorption units 
introduced in 1997 at $4500, with price reductions to $4050 in 1998, $3645 in 2000, and $3280 in 
2003. These pricing potentials are believed to be realistic by the manufacturers involved. Although 
the price points indicated are for 3-ton units (set in place, not installed), capacity increment product 
lines will be offered. Additional market penetration by gas-fired desiccant technologies may be 
possible in residential applications, but that potential was not considered here. 

Commercial Unitary. A previous market assessment (Carlson 1994) was used to derive a 
relationship between projected gas heat pump rooftop shipments and selling price. A market 
segmentation procedure was used, similar to the residential analysis described earlier. In each 
market segment, the gas heat pump competed against 20 conventional systems (five efficiency 
levels-two each for G/Es and EEs and one for EHPs, with and without air-side economizers, and 
new construction and replacement, i.e., 5~2~2=20) .  In all, the national market was divided into 840 
segments (14x3~20). 

The energy use, operating cost, and installed capital cost of the conventional system was determined 
for each segment. The incremental installed cost and operating cost of a gas heat pump rooftop unit 
established a simple payback for the challenging system in each segment. Market fraction was 
estimated for each segment using acceptance versus paybacldcost premium curves. Market fractions 
were estimated by segment and then weighted by segment market size and aggregated for the nation. 
The process was repeated at several rooftop unit price points to generate a national market fraction 
versus price point curve. This curve provides a means of estimating annual market fraction at a 
given price point. Gas heat pump rooftop shipments over time were projected as described in the 
following paragraphs. 

An engine-driven rooftop unit will be introduced in 1995 (a year after the residential unit) at a selling 
price of $1700/ton for a 7.5-ton unit set on the roof curb and hooked up. A 7.5-ton absorption 
rooftop unit will be introduced at $1500/ton in 1998. Rooftop unit price drops are assumed to lag 
those of residential units by 1 year, leveraging off the component volume generated by the 
residential shipments. The resulting shipment projections were made annually but aggregated to 5- 
year periods for presentation in the following table. 
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UnitNr 1996-2000 2001-2005 2006-201 0 

Total available market 700,000 868,000 1,161,000 

Gas heat pumps 16,800 86,500 190,700 

% of market gas cooling 2.4% 10% 16.4% 

These projections are based on 7.5-ton engine-driven units introduced in 1995 at $1700/ton, with 
price reductions to $1530/ton in 1998, $1377/ton in 1999, and $1239/ton in 2001; and 7.5-ton 
absorption units introduced in 1998 at $1500/ton, with price reductions to $1350/ton in 1999, 
$1215/ton in 2001, and $1093/ton in 2004. These pricing potentials are believed to be realistic by 
the manufacturers involved. Although the price points indicated are for 7.5-ton units (set in place 
and hooked up), capacity increment product lines will be offered. Additional penetration by gas- 
fued desiccant technologies, gas cooling-only rooftop units, or gas coolinglgas furnace rooftop units 
may be possible, but those options were not considered here. 

Chillers. A previous market assessment (MacDonald, Hughes, and McLain 1992) was used to 
estimate the gas chiller market share achievable by 2010. Thirty seven of the largest MSAs were 
divided into five groups (or regions) based on climate, and MSAs in each region were further divided 
into three groups based on large commercial general service gas and electric retail rates. In each 
segment, gas chillers competed against electric centrihgal chillers under eight different 
circumstances (dual fuel chiller plants where gas chillers provide 25%, 50%, 75%, and 100% of the 
chiller capacity, new construction versus replacement, Le., 4x2=8). It was assumed that end-users 
would select chiller plants with the highest gas chiller substitution levels meeting their payback 
criterion, which left two rather than eight circumstances requiring market segment assignments. In 
all, the national market was divided into 30 segments (5~3~2=30) .  

The 30-segment analysis was repeated for two building types to bound the reasonable range of gas 
chiller national market share. A hospital was used as the high chiller load factor application, and an 
office building was used as the low chiller load factor application. Explained another way, gas 
chiller market share was estimated assuming all chillers go to hospitals and assuming all chillers go 
to oflices, and the average of the two cases was used in this analysis. 

The segment analysis was performed with the simple payback hurdle as a parameter ranging from 
1 to 5 years. National market potential was estimated assuming that gas cooling captured all 
segments having paybacks less than the hurdle. Market potential associated with payback intervals 
(i.e., paybacks of 0-1 years, 1-2 years, etc.) was obtained by subtraction. Market acceptance in each 
payback interval was estimated by applying survey-derived acceptance criteria (Easton 1993). 

It was assumed that the direct-fired double-effect absorption chiller cost premium of $200/ton (full 
system installed) remained constant throughout the 15-year period, since both electric and double- 
effect absorption chillers are relatively mature products. Engine-driven and triple-effect absorption 
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cost premiums were assumed to decline from $400/ton to $350/ton to $300/ton in the three 5-year 
periods. 

Direct-fired double-effect absorption chillers already are present in the market; therefore, it was 
necessary to distinguish between the reference case and the gas cooling scenario. For the reference 
case, it was assumed that the current 5% or so market share of direct-fired double-effect absorbers 
would continue through 2010, and that triple-effect and engine-driven units would never achieve 
significant shares. The four major domestic chiller manufacturers are all teamed with Japanese 
companies to share double-effect technology. Although many of the double-effect units come from 
Japan today, all domestic manufacturers have announced plans to make them in North America by 
1996 (three in the United States, one in Mexico). Since even the Mexican plant uses U.S. materials, 
it was assumed that all reference case double-effect machines were made domestically from 1996 
to 2010. The gas cooling scenario also assumes that all gas chillers (direct-fired double- and triple- 
effect absorption, and engine-driven) shipped to domestic markets are made domestically. 

Reference Case 
1000s of tons/year 1996-2000 2001-2005 2006-2010 

Total available market 2,016 1,889 1,769 

Direct-fired double-effect absorption chillers 101 94 88 

% of market gas cooling 5% 5% 5% 

Gas Cooling Scenario 
1000s of todyear 1996-2000 2001-2005 2006-201 0 

Total available market 2,O 16 1,889 1,769 

Gas chillers (all types) 388 459 462 

% of market gas cooling 19.2% 24.3% 26.1% 

Other underlying assumptions and data are included in Appendix A, including: 
typical size and type of gas cooling units that would be installed, 
typical conventional electric cooling equipment displaced by gas cooling, 
costs relative to conventional systems, and 
life of gas cooling equipment. 

The input-output analysis requires a breakout of where dollars go when an end-user purchases a gas 
cooling device rather than an electric cooling device. The important categories of costs are 
mandacturing costs (labor and materials), wholesalers costs (if any), retailers costs, and end-users 
costs (equipment and materials). Typical breakouts are provided for each market in Appendix A. 
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SUMMARY DESCRIPTION OF GAS COOLING SCENARIO 

This section summarizes the implications of the underlying gas cooling data and projections, in 
terms of the aggregate characteristics of the gas cooring scenario relative to the reference case. 

Gas Coolinv Capacitv Shipments 

Projected gas cooling capacity shipments to domestic markets are summarized for residential unitary, 
commercial unitary, and chiller equipment classes in Fig. 1. Figure 2 summarizes projected 
domestic and export gas chiller shipments. 

As indicated in Fig. 1, domestically, only gas chiller shipments are expected to be significant by 
1996. Domestic chiller shipments are expected to grow through about 1999 and then remain 
relatively flat over the remaining period. The economics of gas chillers are strongly driven by retail 
electric and gas rates for large commercial and institutional buildings, and shipments flatten out as 
the markets with favorable rates are captured. Another factor is that domestic chiller shipments in 
general are expected to crest and decline slightly during this period. 

Figure 2 illustrates our projection that domestic gas chiller volumes should enable U.S. 
manufacturers to build a technological edge that can be exploited in export markets such as Latin 
America and Asia. Only Japanese and U.S. manufacturers have significant gas chiller production 
capacity. Although Japan was the first to perfect direct-fired double-effect absorption equipment, 
the United States is expected to open a significant lead in triple-effect absorption technology based 
on a strong base of intellectual property and international patent protection. The U.S. technology 
for applying large engines in gas-fired applications is also world-class. Chiller exports also leverage 
considerable exports of ancillary equipment (e.g., cooling towers, pumps, controls), but these added 
benefits are not considered in this study. 

The key to success in the domestic unitary markets is to build sufficient shipment volumes in the 
favorable areas so that volume/experience effects enable equipment pricing to reach broader markets. 
The projection in Fig. 1 calls for residential unitary to lead market entry, but for greater capacity 
shipments and market share to be achieved in commercial unitary in the longer run. 
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The projections indicate that domestic gas cooling unitary shipments leverage considerable exports, 
though modest compared with those generated by chillers. Whereas gas chillers in international 
airports, resorts, government buildings, and hospitals are large enough gas loads to help justify initial 
construction of gas infrastructure in developing countries, extensive gas grids reaching residential 
and commercial customers are needed to support unitary sales. The number of countries with such 
grids is expanding, but many of them have climates with little need for cooling in small buildings 
(Europe) or have closed markets (Japan). 

Fig. 1. Projected total domestic gas cooling capacity shipments. 
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Fig. 2. Projected gas chiller capacity shipments 

Customer Bill SavinFs Attributable To Gas Coolin2 

The three domestic market assessments kept track of customer bill savings based on actual retail gas 
and electricity rates as they existed in 1993. The by-year and cumulative results are presented in 
Fig. 3. It is estimated that by 201 0, customers will have saved about $17.6 billion (1 993 dollars) in 
utility bills as a result of gas cooling. Whether this projection is realistic depends on retail 
gadelectric price trends, which are difficult to predict. 

The Energy Idormation Administration (EM) projects flat electricity prices out to 20 10 and rising 
gas prices, but these projections are averages across all customer classes (EIA 1993). Neither EIA 
nor anyone else has had much success in predicting the by-class retail price impacts of deregulation 
and the growth of competition in the utility industry. The gas industry experience since restructuring 
for the more competitive environment has been that large industrial and power generator customers 
have seen gas price decreases, and core customers (where most gas cooling equipment is used) have 
seen increases. As large electricity customers achieve open access to wholesale (and perhaps retail) 
electricity supplies, core customer electric rates also may rise even if average prices are flat. 

Our sensitivity analysis indicates that gas cooling does better in an environment of rising core 
customer energy rates because it is the bill savings that must justify the cost premium of gas cooling 
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equipment. If electricity prices are flat and gas prices rise, gas heat pumps do better against 
furnacelair conditioners. If the reverse is true, they do better against electric heat pumps. The 
straight fixed variable interstate pipeline rate design imposed by Federal Energy Regulatory 
Commission Order 636 likely will motivate seasonal retail pricing by gas distributors (higher in 
winter, lower in summer) that will benefit all classes of gas cooling equipment. As the electric 
industry deregulates and restructures, revenue requirements from core customers likely will rise 
because of low underlying load factors compared with large wholesale (and perhaps retail) users of 
electricity. 

Increasingly, the retail rates of gas and electricity distributors will be driven by the load factors of 
the customer classes they serve. Since gas cooling improves the load factor of both gas and 
electricity core customers, retail rates may evolve in directions that favor gas cooling. Under the 
assumptions of the gas cooling scenario and based on a national calculation, the equivalent load 
factor of the electric load lost is 19.3 % (sales lost divided by the product of summer generator 
capacity avoided and 8760 ldyear) compared with a typical electric utility load factor of 50 to 60 % 
averaged across all customer classes. The equivalent load factor of the gas load added is 127 % 
(sales added divided by the product of winter peak day throughput increase and 365 daydyear) 
compared with a typical gas distributor load factor of 30 to 40 %. The equivalent load factor of the 
gas load added exceeds 100 % because chillers add nothing to winter peak day throughput and gas 
heat pumps displacing hace /a i r  conditioners and gas/electric rooftop units lower winter peak day 
throughput in most climates. 

1896 1998 2000 2002 2004 2006 2008 2010 

Year 

Fig. 3. Customer bill savings attributable to gas cooling. 
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Investment In Gas Coolin? Eauipment 

The three domestic market assessments kept track of the cost premiums paid by end-users to place 
gas cooling equipment into service rather than the displaced conventional equipment. Cumulatively 
over the 15-year period, about $3.3 billion (1 993 dollars) extra was spent by end-users in return for 
$17.6 billion (1 993 dollars) in bill savings. 

Customer Pavback on Gas Cooling. Investments 

The three domestic market assessments were based on customer acceptance criteria appropriate for 
the various markets. All three used simple payback (cost premium divided by annual bill savings) 
in some way. The customer acceptance at a given payback level varied by market segment and in 
the case of commercial unitary, simple payback and cost premium were used independently. The 
bottom line is that acceptance criteria were realistic and gas cooling investments occured when they 
made financial sense to end-users. 

Figure 4 presents the global payback for all gas cooling investments made in each year. In the early 
years, shipments are concentrated in areas with favorable retail gas/electricity rates and climates. 
As time goes on, the cost premium of gas cooling is modest and acceptance occurs in many areas. 
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Fig. 4. Customer simple payback on gas cooling investments. 
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Potential Impact on Electric and Gas Utilities 

Over the 15 years, the gas cooling scenario would result in the additional use of 288.6 BCF of gas 
in core customer buildings, and would avoid the need for 33,410 GWh of electricity at the power 
plant busbar (assuming transmission and distribution losses of 8 %). The domestic market 
assessment approaches also kept track of the location, equipment class, and efficiency level of the 
displaced conventional W A C  equipment. From this, the analyses derived summer peak kW/ton 
savings at the building meter. The coincidence between building cooling peak and utility system 
peak is defined by the coincidence factor. The electricity generating capacity avoided by gas cooling 
was estimated assuming coincidence factors of 0.8,1 .O, and 1 .O for residential unitary, commercial 
unitary, and chiller equipment, respectively; electricity transmission and distribution losses of 8 %; 
and electricity generation reserve margin requirements of 15 %. 

The by-year and cumulative results are presented in Fig. 5. Under the assumptions of the gas cooling 
scenario, about 18.3 GW of generating capacity would be avoided by the year 201 0. That represents 
almost 10 % of the total generating capacity additions by 2010 in the EIA reference case (EL4 1993). 

1 SgS 1888 2000 2002 2004 2008 2008 2010 
Year 

Fig. 5. Electricity generating capacity avoided by gas cooling. 
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EXPLAINING INPUT-OUTPUT ANALYSIS 

Energy efficiency strategies are options that are being explored more fiequently by state and federal 
agencies as a means to sustain new domestic employment opportunities (Geller, DeCicco, and 
Laitner 1992; and Laitner 1994a). As cost-effective energy eEciency investments are pursued, 
economic efficiency is strengthened. One positive offshoot of such efficiency improvements is the 
strengthening of the local employment base. Input-output analysis is one tool that can assist in 
evaluating the job and income benefits resulting from different energy strategies. It is sometimes 
referred to as multiplier analysis. 

The Input-Output Concept 

An input-output model allows an analyst to examine the economic makeup of a regional economy, 
and then determine how a change in spending or investments might affect overall economic activity 
in the region. For example, in the energy sector, an input-output model can examine how much of 
the total revenues generated by utility customers are used to support local jobs and their associated 
payrolls. It can also evaluate how energy alternatives will increase or decrease the total regional 
employment base. 

For the purposes of this study, input-output analysis can be thought of as a means to evaluate and 
sum the job and income benefits (output) likely to result from the changes in spending patterns 
(inputs) created by investments in gas cooling technologies. 

To determine the total economic effects of any technology investment-for example, the installation 
of a gas cooling unit in a large commercial building-three separate effects must first be evaluated. 
These include the direct efect, which refers to the work done by a contractor or crew hired to do the 
installation; the indirect effect, which includes any operation necessary to support the work of the 
contractor (e.g., design professionals, wholesale suppliers, manufbcturers, component suppliers); and 
the induced effect, which refers to other spending that results fiom the wages of those directly and 
indirectly employed by a project. This last category might include money for groceries, educational 
expenditures, recreational activities, or clothes. 

To generate a complete impact anaZysis of an efficiency investment, two additional impacts must 
also be examined for their direct, indirect, and induced effects. These are the substitution and 
displacement effects. The substitution efect is the net savings (or loss) generated by the installation 
of the improvement. In effect, the investment is a means of substituting source energy efficiency, 
gas cooling technologies, and a lower-priced form of energy (natural gas) for source energy 
consumption, electric technologies, a higher-priced form of energy (electricity), and additional 
electric generation, transmission, and distribution facilities. A net savings would result in increased 
local spending equal to the energy bill savings, 
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The displacement effect, on the other hand, is the loss of revenue to local electric utilities and electric 
equipment suppliers as a result of the efficiency improvements. All or part of the revenues might 
be an economic loss to the United States. 

This study applies input-output analysis to evaluate the impact of expanding the use of gas cooling 
technologies within the United States and elsewhere. The approach is based on the following 
scenarios: 

A reference case that reflects current policies, practices, and trends with respect to 
conventional electrical cooling technologies; and 

A gas cooling scenario that examines the impact of accelerated use of natural gas cooling 
technologies. 

The analybcal M e w o r k  used to estimate the full range of these impacts is the national data tables 
associated with the US. Department of Commerce Regional Input-Output Modeling System (RIMS 
11). This model contains information on 528 different sectors of the national economy. Since each 
sector of the economy supports a different level of wage and salary income or employment, as the 
level of expenditures increases or decreases, so do the income and employment levels. 

The effect of the expenditure changes can then be represented by a total multiplier. For example, 
using the 1989 RIMS database (RIMS 1992) for the United States, electric utility services will 
support 18 total jobs for every million dollars of revenues collected from electric utility customers. 
This includes the direct, indirect, and induced employment that results from the investment. In this 
case, then, 18 is used as the employment multiplier for electric utility services. By way of 
comparison, manufacturing sectors have an employment multiplier that ranges from 21 to 41 jobs. 
Commercial sector multipliers range from 30 to 60 jobs. Furthermore, it is the manufacturing and 
commercial sectors, more than utilities, that can be expected to generate exports. 

To summarize, then, each change in expenditures must be augmented by the multiplier that is 
appropriate for that sector. The sum of these products will then yield a net result. For example, if 
an investment in gas cooling technologies produces an energy bill savings, the lower net utility 
revenues may lead to a loss of jobs. But, to calculate the net employment benefits, it is necessary 
to adjust this apparent loss of employment by the number of jobs created or supported by energy bill 
savings which benefit other sectors of the economy. Thus an appropriately defined input-output 
analysis provides a full picture of the net total employment impacts sustained by technology 
changes. 

The input-output analysis framework is constructed to estimate the net job and income benefits of 
domestic gas cooling shipments. But once established, the same framework provides a rational basis 
to estimate the net benefits of exports that displace products manufactured in other nations. 

21 



Constraints in the Model 

While the input-output model provides a useful tool in the analysis described above, it should be 
recognized that the data associated with RIMS (or any other such model) have limitations which can 
affect the results presented in this study. These are briefly reviewed below. Despite the inherent 
limitations, however, the scenarios as presented here either minimize the impact of the analytical 
drawbacks, or they depend on procedures which tend to offset those limitations. 

Perhaps the most important weakness of input-output models is that they assume a linear relationship 
in their production functions. In other words, if final demand for a specific technology is doubled, 
total employment and/or income returns will also be doubled. In the case of gas cooling 
technologies this may be a conservative assumption which understates the net impacts on the 
economy. The reason is that an expanding market will bring about economies-of-scale and an 
increased learning curve that will tend to lower cost of production, and therefore alter the production 
function in a more positive way. By continuing with the assumption of a linear relationship, this 
benefit is not fully captured within the input-output model itself which likely understates both 
productivity benefits and the employment impacts. 

Two other shortcomings are closely related to the linear assumption within the input-output 
fiamework. One is that the model is not supply constrained, and the other is that it does not capture 
the dynamic changes which might be spurred within the economy as the new gas cooling market 
emerges. As to the first, the survey undertaken for this analysis does not show any indication that 
the market will be unable to provide the necessary growth in raw materials, semi-finished products 
or skilled labor. Thus, correcting the analysis to account for supply constraints does not appear to 
be a necessary step. 

In terms of a dynamic versus static analysis, the evidence also suggests that the static approximation 
will have a minimal impact at best. In the year 2010, for example, the incremental value of 
shipments for all gas cooling technologies shipped foreign and domestically is projected to be less 
than $800 million (measured in constant 1993 dollars). This is less than 0.01 percent of the 
anticipated Gross Domestic Product for the U.S. in that year. Although a dynamic model could, for 
example, track how the higher investment drove up borrowing and, therefore interest rates, this is 
unlikely to be an important effect. 

Another category of limitation deals with the change in capital stock brought about by the gas 
cooling scenario. In other words, the nation's productivity depends, in part, upon the extent and 
quality of manufacturing capital used to sustain the economic process. The problem is handled, in 
part, by treating the domestic shipments of gas cooling technologies as an investment which 
displaces conventional electric utility plant. To the extent that the shipments of electric cooling 
technologies are affected, the assumption is a one-to-one trade-off in capital investment. 

Again, however, the relatively small scale of shipments (as a percent of GDP) implies an 
inconsequential impact. In fact, a Department of Energy analysis used to verify the results of 
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Laitner’s (1994a) study on the Climate Change Action Plan (Clinton, 1993) indicates that, if 
anything, the static model used here may understate the net employment benefits of efficiency 
investments relative to dynamic models (Laitner, 1994~). 

STEPS IN THE ANALYSIS 

The starting point or reference case in the analysis is the national data tables of the RIMS I1 database 
previously described. This database provides the information needed to describe the U.S. economy 
adequately so as to evaluate the economic changes brought about by variations in consumer and 
business expenditures. Thus the first step is to download the available national data and format them 
for use in a spreadsheet input-output model. Three issues should be noted at this point. 

First, only selected sectors of the 528-sector national model are used. For example, the installation 
of the gas and electric cooling technologies can be reasonably described by three activities: the 
equipment production, the shipment and distribution, and the installation of the technology. This 
means, in turn, that we need to reference only three sectors representative of these activities. For the 
manufacturers, we selected Bureau of Economic Analysis PEA) sectors 40.06 and 52.03 for the gas 
and electric technologies, respectively. For wholesale distribution, we selected BEA sector 69.01, 
and for installation, we selected special trade contractors found in BEA sector 12.01. Other key 
sectors include BEA 68.01 and 68.02 for the electric and gas utilities, respectively. 

Second, the residential and commercial sectors used in this analysis are weighted averages rather 
than specific BEA sectors. For the residential sector, we weighted jobs and incomes based upon the 
typical spending patterns of households, using the personal consumption expenditure profile 
captured as BEA sector 91 .OO. For the commercial sector, we weighted BEA sectors 69.02 through 
79.00, using the total output of each sector as published by the Bureau of Labor Statistics (BLS 
1992). While this weighting scheme will likely not match the precise pattern of those sectors that 
actually install the gas cooling technologies, the resulting multipliers are reasonably conservative 
and provide a useful indicator of employment and income impacts. 

Third, the latest RIMS data available at the time of this study are for 1989. The Bureau of Economic 
Analysis is in the process of updating its model to reflect changes in a number of accounting 
conventions. However, the pattern among sectoral multipliers likely will change very little between 
1989 and 1990, or even through 1994 for that matter, as a result of minor changes in accounting 
conventions. Moreover, the limitations of the 1989 database were minimized by the overall project 
design. For example, all dollar values were converted to 1989 constant dollars before being used 
in the analysis, and then results were converted back to 1993 constant dollars. Future employment 
impacts were also deflated by an annual productivity improvement rate of 1.5% through the year 
2010. 
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Establish the Underlviner Assumptions and Data 

The assumptions and data categories used for the analysis are as follows: 
reference case equipment shipments out to 20 10, 
gas cooling scenario equipment shipments out to 20 10, 
typical size and type of gas cooling units that will be installed, 
typical conventional electric cooling equipment that will be displaced, 
costs relative to conventional systems, and 
life of gas cooling equipment. 

These assumptions and data are described in previous sections, or in Appendix A. 

Establish the Gas CoolinP Scenario 

The underlying assumptions and data are used to construct the gas cooling scenario. The scenario 
consists of appropriate inputs to the input-output model based on the series of activities and 
transactions embodied in the underlying data. With this approach to building a scenario, an activity 
should be thought of as the efficiency upgrade within a single year. If the gas cooling scenario 
envisions a 1 5-year program of accelerating installations-say 1996 to 20 1 0-there will then be 15 
separate activities associated with cooling improvements, each with its associated transactions. 

The transactions associated with each activity are best explained with an example. Assuming a gas 
cooling upgrade with a 15-year life as the activity, there might be 32 transactions associated with 
the activity over time. The first transaction is the efficiency upgrade itself. This is essentially the 
premium spent to install gas cooling. The second transaction involves the transfer of investment 
funds from other uses in order to finance the upgrade. The next 15 transactions are associated with 
the annual energy bill savings projected over the 15-year measure life. Finally, the last 15 
transactions involve the revenues gained or lost by the appropriate energy suppliers. 

Desim Spreadsheet Input-Output Model 

The next step is to transfer the information into a menu-driven LOTUSm spreadsheet model 
(Version 2.4) to allow easier data entry, analysis, and printing of results. The spreadsheet, in effect, 
becomes the working model based upon selected sectoral data from RIMS and the LOTUSm macro 
programming language. The input is the changes in spending brought about by the gas cooling 
scenario. The output is the projected wage and salary income and employment impacts that resulted 
fiom efficient gas cooling. 

Perform Scenario Analvsis 

With the reference case established by the RIMS database, the gas cooling scenario was run for 
each of three major market categories, described in the following sections: (1) residential unitary, 
(2) commercial unitary and chillers, and (3) export sales. The analysis yielded net income and 
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employment benefits attributable to each of the three market categories compared with the reference 
case. (For a recent review of input-output scenarios and studies, as well as their findings, see Laitner 
1994b.) 

INPUT-OUTPUT ANALYSIS RESULTS 

The scenario data described earlier can be adapted for use within an input-output model to estimate 
income and employment impacts. This was done by matching the different transactions expected 
to occur in each of the three market categories (residential unitary, commercial unitary and chillers, 
and exports) for the years 1996 through 2010. This section describes the specific multipliers 
assumed in the model, the basic framework of the analysis, and the resulting scenario impacts. 
Finally, it offers a brief discussion of the findings. 

The table below provides the job and income multipliers used to match each transaction (or change 
in expenditure pattern) brought about by the market penetration of the gas cooling technologies. To 
summarize, the job multipliers represent the direct, indirect, and induced effect for each million 
dollars spent within each of the identified sectors. The income multipliers (identified as wages and 
salaries) reflect the direct, indirect, and induced effect for each dollar spent within each of the listed 
sectors. The data are all adapted from the national level coefficients of the Department of Commerce 
RIMS-I1 model (RIMS 1992). 

Table 1. Multipliers for key economic sectors (1989 constant dollar basis) 

Sector 
Total jobs Wages and salaries 

(per million dollars) (total per dollar) 

Manufacturing-gas units 

Manufacturing-lectric units 

Distribution 

Installation 

Electric utilities 

Gas utilities 

Commercial buildings 

Residential buildings 

41 

37 

34 

47 

18 

12 

44 

29 

1.02 

0.89 

0.86 

1.05 

0.49 

0.33 

0.93 

0.62 

Source: Adapted fiom U.S. Department of Commerce data (IUMS 1992) 
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Framework for Analvsis 

A quick review of the multipliers table reveals an important point. Looking at the jobs column, the 
gas and electric utilities have the smallest employment multipliers, 12 and 18 jobs, respectively. If 
we compare these with the commercial and residential sector values of 44 and 29 jobs, respectively, 
we can conclude that lower energy bills mean dollar savings will likely be spent in sectors with a 
greater employment impact. 

At this point, two major steps in the input/output analysis have been completed - setting up the initial 
expenditure patterns associated with each of the three market categories, and developing the initial 
set of multipliers. We can understand how these steps fit together within an analysis by setting up 
a simple example problem to solve. 

Let us use the example of a purchase of a gas cooling technology in a commercial office building. 
In this case, we want to know what would be the net job benefit based upon the $1 .O million 
incremental cost of the gas technology over a comparable electric unit. Let us assume that with the 
$1 .O million investment, the gas bill will increase by $6.5 million over a 15-year period. Let us 
further assume that the electric bill will decrease by a total of $14.0 million over that same period, 
for a net utility bill savings of $7.5 million. Moreover, let us further assume that the drop in 
electricity consumption will lead to a modest rate increase such that all commercial electric 
customers will pay an additional $2.0 million in that 15-year period. 

At this point, we need to match the proper change in spending - typically referred to as changes in 
final consumer demand - with the correct job multipliers found in the table above. In this example, 
there are eight such calculations to be made and summed. These are shown as follows: 

- 1. Investment impact = $1 .O,, x 4 1 manufacturer - 4 1 job gain 

- 3a. Gas utility impact = $6.5,,bjll x 12g,utili,,, - 78j,bgain 

3b. Gas customer impact = -$6.5,, bill X 44commercial = -286jOb loss 

4a. Electric utility impact = -$14.0,1,ch, bill x 1 8eIechc utility = -252j0b loss 

- 4b. Electric rate impact = $2.0elechc bill x 1 8,1eckc utility - 36j0b gain 

4d. Electric customer impact = $14.0,1ect,ic bill x 44mmmercial = 616j0b gain 
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According to this example, total employment will be increased by 101 job-years compared with the 
employment generated by buying an electric cooling unit. Averaged over the 15-year period, the 
calculation means that the investment supports a net increase of about six or seven new jobs each 
year for the 15 years. This net benefit includes the direct, indirect, and induced effects of all 
expenditure flows. Similar calculations would be done for the wage and salary multipliers to 
generate estimates of net income benefits. 

Some observers might note the great deal of volatility necessary to create a net gain of 101 job-years. 
Adding up the figures from the example above, we would show an employment gain of 771 job- 
years. The majority of that impact occurs from the respending of energy bill savings in the 
commercial sector during the 15-year period of analysis. At the same time, the scenario shows a loss 
of 670 jobs - primarily associated with the higher gas costs for commercial customers and lost 
electric utility revenues. 

Strictly speaking, however, these numbers represent the opportunity cost of employment rather than 
a loss of employment as such. In other words, the question might be asked whether the market 
chooses a scenario that will increase employment by 771 jobs, or one that generates only 670 jobs. 
As we shall see, as the cumulative global investment in gas cooling technologies begins to climb up 
toward the $9.0 billion mark (1993 constant dollars, as shown in Tables 2,3, and 4, below), this can 
have an important impact. 

Before we can estimate the final impacts of the three market categories, we must make a number of 
adjustments in the expenditure patterns described above. First, all expenditures must be converted 
to 1989 dollars to properly match the base-year of the RIMS model (results are then converted back 
to 1993 constant dollars for presentation in Tables 2,3, and 4). Second, all labor estimates in the 
years 1996 through 2010 must be adjusted downward to reflect productivity improvements. For the 
purposes of this analysis, it was assumed that labor productivity will increase by an average of 1.5 
percent per year. This is higher than the 1 .O percent average over the last decade, but the effect will 
be to slightly understate net employment benefits. 

Third, it is assumed that about 30 percent of electricity bill savings represent fixed costs that will 
need to be spread out among all commercial and residential customers. In effect, the assumption is 
that electric rates will increase slightly as a result of the gas cooling scenario. But the effect is 
modest, raising rates by less than 0.01 percent. Since the level of fixed costs will diminish over time, 
and since the analysis did not provide a corresponding positive impact on natural gas retail rates, this 
result is a conservative estimate of net employment effects. 

Finally, no parameters are established to account for changes either in interest rates or in labor 
participation rates as a result of the analysis. These impacts are expected to be minimal, however. 
While the higher premiums associated with the gas technology might be expected to drive up 
borrowing and, therefore interest rates, this effect will be offset by a greater savings in the avoided 
cost of new power plant capacity. Similarly, while an increase in demand for labor tends to increase 
the overall level of wages (and thus tends to lessen economic activity), the gas cooling scenario job 
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benefits, though significant, are still small compared to the current total national level of 
unemployment or underemployment. 

The substitution and displacement adjustments apply only to the domestic residential and 
commercial market categories. In the export category, it is assumed that the increased shipments 
of gas cooling technologies would not displace the export of electric cooling technologies 
manufactured domestically, but rather would displace products manufactured by other nations. 
Neither would international exports affect domestic energy consumption by residential and 
commercial customers. As a result, the value of shipments (in 1989 dollars) is simply matched to 
the manufacturing and wholesale multipliers to derive the net job and income benefits for the United 
States. 

Market Cateeory Impacts 

The following tables summarize the net impact of the three gas cooling marketing categories: (1) 
residential, (2) commercial unitary and chillers, and (3) exports. The values provided are average 
annual values for each of three periods: 1996-2000,2001-2005, and 2006-2010. The cumulative 
impacts are also provided, as are the impacts in 2010. 

As might be expected, the residential market category shows the smallest 15-year net benefit of 
103,460 job-years. The reasons are two-fold. First, the overall investment is smaller, with a 
premium of $987 million compared with $2,322 million for the commercial scenario and $5,714 
million for the export scenario (all in 1993 dollars). Second, the difference between the household 
multiplier and the utility multipliers is much smaller than the difference between the commercial and 
the utility multipliers. Finally, since the export scenario does not compete either with electric 
technologies or with electric energy consumption, there are no losses to subtract fiom the increased 
export activity. That, coupled with over five billion total sales, generates the second largest 
cumulative increase in job benefits, showing a 15-year total employment increase of 155,320 job- 
years. The commercial category generates the largest employment increase of 367,242 job-years 
because, of a large investment level coupled with a large difference between the commercial and 
utility multipliers. 
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Table 2. Summary impacts from domestic residential gas cooling shipments 

Average annual impacts 
15-year Impact 

1996-2000 2001-2005 2006-2010 total in 2010 

Actual units shipped 

Investment premium ($MM) 

Natural gas bill ($MM) 

Electricity savings ($h4M) 

Net income ($MM) 

Net employment (jobs) 

75,406 

76.4 

63.6 

177.1 

30.3 

1,371 

263,492 

70.9 

232.8 

685.4 

27.2 

5,089 

392,900 

50.1 

418.0 

1330.0 

48.9 

14,232 

3,658,988 407,683 

987.3 48.7 

3572.1 492.2 

10962.4 1597.6 

532.2 73.2 

103,460 19,405 

Note: All values are in millions of 1993 dollars, except shipments and jobs, which are in actual 
units. 

Table 3. Summary impacts from domestic commercial gas cooling shipments 

Average annual impacts 
15-year Impact 

1996-2000 2001-2005 2006-2010 total in 2010 

Actual units shipped (tons) 488,955 978,5 15 1,605,825 15,366,473 1,717,628 

Investment premium ($MM) 144.5 169.4 150.5 2322.0 146.7 

Natural gas bill ($MM) 74.9 324.6 73 5.9 5677.0 925.0 

Electricity savings ($MM) 258.0 957.6 1958.9 15,872.9 2,402.3 

Net income ($MM) 87.5 456.7 1 150.9 8,475.1 1,492.4 

Net employment (jobs) 3,182 19,830 50,437 367,242 65,347 
_ _ _ _ ~ ~  ~ ~~ ~ 

Note: All values are in millions of 1993 dollars, except shipments and jobs, which are in actual 
units. 
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Table 4. Summary impacts from gas cooling exports 

Average annual impacts 
15-year Impact 

1996-2000 2001-2005 2006-2010 total in 2010 

Shipments ($MM) 99.2 454.6 589.0 5,713.8 599.6 

Net income ($MM) 98.5 45 1.5 585.1 5675.5 595.6 

Net employment (Jobs) 2,966 12,727 15,371 155,320 15,189 

Note: All values are in millions of 1993 dollars, except jobs, which is in actual units. 

CONCLUSIONS 

We estimate that the gas cooling scenario (domestic residential, domestic commercial, and exports) 
would create a net of 626,000 job-years of new employment in the period from 1996 through 201 0. 
In this 15-year period, this would be an average employment gain of 41,700 jobs. The employment 
gain in the year 2010 would be about 100,000 jobs. We also estimate that the gas cooling scenario 
would create $14.7 billion in new wage and salary income through 2010, an average of $979 million 
anndly (1 993 dollars). The wage and salary gain in the year 201 0 is $2.2 billion (1 993 dollars). 

~ 

In addition to the income and employment benefits, the gas cooling scenario would generate about 
$5.7 billion (1993 dollars) in cumulative net exports through 2010. The scenario would avoid 18.3 
GW of new electric power generation by the end of 2010 and save domestic residential and 
commercial customers $17.6 billion (1 993 dollars) in utility bills through 201 0. Finally, the scenario 
would expand domestic W A C  markets by $3.3 billion (1993 dollars) through 2010 (this is in 
addition to the $5.7 billion increase in W A C  exports). 

The gas cooling scenario would expand the efficient use of natural gas. Over the 15 years, an 
additional 288.6 BCF of natural gas would be consumed in residential and commercial buildings and 
the use of 33,410 GWh of electricity (at the power plant busbar) would be avoided. The exact 
resource energy savings are difficult to establish because of the wide regional and temporal 
variations in energy use associated with electric power generation. Nonetheless, at an electric 
generation heat rate of 1 1,400 Btu/kWh the primary energy savings would be about 0.09 quads per 
year by 20 10. 
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APPENDIX A: SUPPLEMENTAL ASSUMPTIONS AND DATA 

Tvpical Size and TvDe of Gas Coolin? Units That Will Be Installed 

Residential Unitary 
Currently about 60 % of conventional air conditioner and heat pump unit shipments are in the 2- to 
3- ton range, with 3-ton units slightly outpacing 2- and 2.5- ton sizes (DeLima 1992). Of the 
remaining shipments, more are larger than 3-ton than smaller than 2-ton. The market analysis was 
forward looking in terms of residential heating and cooling loads for new homes and weatherized 
existing homes, and consequently projected that equipment sizes would trend downward. According 
to the analysis, gas heat pumps placed in 1996 had an average size of 2.6 tons. If manufacturers 
target large homes, the projected capacity shipments used here may be conservative. 

Engine-driven gas heat pump. Commercial introduction of U. S.-manufactured engine-driven gas 
heat pumps to the U.S. market will occur in mid 1994. These units feature variable-speed internal 
combustion engines to drive the compressor of a conventional vapor compression cycle. The 
enginehmpressor module is in the outdoor unit. The indoor blower is also variable-speed, and the 
outdoor fan is 2-speed. 

This product introduction marks the first direct use of natural gas where the delivered energy (heated 
space) exceeds the heat content of the gas consumed to produce it. The split system has four pipes 
between the indoor and outdoor units, two for the heat pump refiigerant and two for the anti-fieeze 
loop. In heating mode, the anti-fieeze loop recovers heat off the engine by means of an exhaust gas 
heat exchanger and by serving as the engine coolant. 

An advantage of this unit over same-cooling-capacity electric air-source heat pumps is that heating 
capacity will be greater by the amount added by the heat recovery loop. A second advantage is that 
supplemental heat is provided by gas, which is lower in cost and more efficient than the electric 
resistance heat that backs up electric heat pumps. These two characteristics lead to engine-driven 
equipment selections based on cooling load, even in northern cliiates. 

Absorption gas heat pump. Commercial introduction of U. S.-manufactured absorption gas heat 
pumps will likely occur in 1997. A variety of absorption concepts exist, but technology based on the 
GAX (Generator-Absorber-heat exchange) absorption refiigeration cycle has been licensed by a 
mjor manufbcturer, and a national team (including the manufiicturer, the U.S. Department of Energy, 
the American G a s  Cooling Center, and the Gas Research Institute) has formed to bring the 
technology to commercial introduction. 

Absorption machines operate on a completely different principle fiom conventional vapor 
compression machines, so a few words of explanation are offered. The GAX heat pump is an 
adaptation of the simple absorption cycle, in which an absorber, a solution pump and a generator 
replace the hct ion of the vapor compression cycle's compressor. M e r  leaving the evaporator, the 
gaseous refigerant (in this case ammonia) is absorbed into a water solution in the low-pressure 
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absorber before being pumped to a high pressure by a solution pump. The solution then enters the 
generator, where heat from gas combustion is applied and the ammonia boils out of solution. Then 
the high-temperature and high-pressure ammonia is ready to go into the condenser, where it gives off 
its heat and condenses back into a liquid. After expanding to a lower pressure by moving through 
an expansion valve, the liquid ammonia is ready to pick up heat in the evaporator again, thereby 
completing the cycle. 

The proximity of components in a simple absorption cycle creates several opportunities for using 
intemally recovered heat to increase the ammonia refrigerant flow per unit of gas consumption. The 
GAX cycle improves on the simple absorption cycle by implementing several of these internal heat 
recovery opportunities. 

The split-system configuration employs a secondary heat transfer fluid (HTF) to transfer heat between 
the outdoor unit and the indoor unit. This allows a compact absorption module containing the GAX 
cycle and the gas combustion subsystem to be located entirely in the outdoor unit. A valve 
controlling the €€“F flow serves as the mechanism for switching between heating and cooling mode, 
without affecting the absorption module’s flow. 

An advantage of absorption heat pumps is that they are burner-based (i.e., continuous combustion 
when on), and capable of extremely low air pollutant emissions. A second advantage is price; at 
sufficient unit shipment volumes, only modest price premiums over standard gas fbrnace/air- 
conditioner combinations may be possible. A third advantage of absorption units (compared with any 
vapor compression system) is that they avoid the use of ozone-depleting refiigerants. 

. 

Commercial Unitary 
Commercial unitary shipments divide between the high-volume smaller units with standard sizes 
ranging up to about 25 tons, and larger custom units that often are “build-to-order” and may be 200 
tons or more. This study focuses on the smaller units in which component costs can benefit fkom 
economies of scale created by piece volumes going to residential equipment. In this market, the 
shipment-weighted average unit size is about 7.5 tons. The same engine-drive and absorption 
technologies described earlier are embedded in package configurations appropriate for the light 
commercial market. 

Chillers 
Water-cooled packaged chillers range in size fkom 100 to 10,000 tons, but the very large chillers 
generally use HCFC-22 rather than CFCs and are few in number. Also, as older chiller plants are 
upgraded, there is a trend toward the use of several smaller chillers rather than one large one. The 
drivers of this trend are service convenience, reliability, and the economics of using a mix of gas and 
electric chillers. Consequently, the size range of interest in this study is more like 60 to 1,500 tons, 
and a typical size is about 200 to 500 tons. 

The primary gas-&ed chiller technologies are absorption and engine-driven. Absorption chillers can 
be single, double-, or triple-effect and directly fired with gas (double- or triple-effect) or indirectly 
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fired with steam (single- or double-effect). The more “effects” (i.e., levels of cascaded internal heat 
recovery) the higher the efficiency, but also the higher the required fuing temperatures. Steam-fired 
units are used in applications where waste steam or district steam (1 5 psig can drive single-effect; 
120 psig can drive double-effect) are available. In some cases, the waste steam may be from engine- 
driven (or steam turbine-driven) chillers. This study focuses on direct-fired equipment, whether 
absorption or engine-driven. 

Direct-fired absorption chillers use water (refrigerant) and lithium bromide (absorbent) as the fluid 
pair, except for some versions of the triple-effect that use advanced fluids in the high-temperature 
loop. Lithium bromide/water is also the basis for steam-driven absorbers, and such machines have 
been widely used since the 1950s. Direct-fired double-effect absorption chillers are also available 
in a convenient chillerheater configuration where both chilled and heated water are produced 
independently on demand. This configuration avoids the need for a separate boiler in central plants 
that serve four-pipe distribution systems, and may also be an option with triple-effect chillers in the 
future. 

Engine-driven chillers are based on automotive or industrial engines modified for use with natural 
gas. The engine replaces the electric motor of a conventional chiller, driving the compressor. Open- 
drive compressors (i.e,, the driver, in this case the engine, is not cooled by refrigerant) are used, but 
a variety of types are possible (reciprocating, rotary screw, centrifugal). Waste heat is available from 
the engine jacket and gaseous exhaust, if the application has a use for it. 

Residential Unitary 
The market assessment methodology (Carlson 1994) keeps track of the conventional equipment 
displaced by gas heat pumps. At high price points, primarily electric heat pumps are displaced; but 
at lower price points, primarily fumace/air conditioner combinations are displaced. Over the 15-year 
period about 70 % of the conventional units displaced were h a c e / a i r  conditioners. Generally the 
displacements OCCLX in extreme climates with high energy rates first, and then diffuse into areas with 
milder climates and lower energy rates as the price point declines. Higher eaciency electric heat 
pumps and furnacelair conditioners are often the first to be displaced because the cost premiums of 
gas heat pumps relative to these units are less, yet they offer significant bill savings. 

Commercial Unitary 
As with residential, the commercial unitary market assessment methodology (Carlson 1994) keeps 
track of the conventional equipment displaced by gas heat pumps. At high price points primarily 
EHP and E/E rooftop units are displaced; but at lower price points, primarily G/E rooftop units are 
displaced. Over the 15-year period about 5 1 % of the units displaced were GEs, 35 % were EHPs, 
and 14 % were EEs. Relative to the residential case, displacements were driven more by energy 
rates than climate. 
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Chillers 
The vast majority of electric chillers displaced are expected to be centrifbgal machines, because they 
dominate the capacity shipments in chiller class equipment, and because they are most reliant on CFCs 
(and therefore vulnerable to early retirement). Rotary screw electric chillers are the next most likely 
to be displaced. Since the costs and efficiencies of these two types of electric chillers are similar, 
distinguishing between the two was not felt to be necessary. The chiller case does, however, have 
a number of different gas cooling options. Over the 15-year period about 32 % of the gas cooling 
capacity shipped was doubleeffect absorption, 50 % triple-effect absorption, and 18 % engine-driven. 

costs Relative to Co nventional Svste mS 

The input-output analysis requires a breakout of where the dollars go when an end-user purchases 
a gas cooling device rather than an electric cooling device. The important categories of cost are 
manufacturing cost (labor and materials), wholesalers cost (if any), retailers cost, and end-users cost 
(equipment and materials). Typical breakouts are provided in this section for each market. 

Residential Unitary 
Although both engine-driven and absorption heat pumps are considered, their performance is similar 
enough (and different enough fiom conventional equipment) that distinguishing between the two was 
not felt to be necessary. Their differing introductory costs were only used to establish realistic price 
points by year; thereafter, total gas heat pump shipments per year were estimated. At a given price 
point, the cost of either type of gas heat pump system would break down about the same way, so one 
set of representative numbers was used. 

The representative gas heat pump cost breakout is provided at the $4050 price point, which 
corresponds approximately to the engine-driven unit after three price drops (year 2000) or the 
absorption unit after one price drop (year 1998). The bottom line cost shown is for equipment 
installed. The end-user's total project cost would be larger ifa duct system needed to be installed 
(new construction) or significantly modified (replacement), but these extra costs would be required 
whether a gas heat pump was selected or not because the air moving requirements are essentially the 
same as for conventional equipment. 
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Residential gas heat pump cost breakout 

Manufacturer cost: 

Distributor cost: 

Dealer/installation cost: 

End-user cost: 

equipment cost 

equipment cost 
20% gross margin 
Total equipment 

equipment cost 
30% gross margin 
Total equipment 
Installation 
Equipment installed 

equipment installed 

$/3 -ton 

2268 

2268 
567 

2835 

283 5 
1215 
4050 
850 

4900 

4900 

% of bottom line 

46% 

46% 
12% 
58% 

5 8% 
25% 

1 7% 
100% 

83% 

100% 

Although gas heat pumps displace hrnace/air conditioners and electric heat pumps at a variety of 
&ciency levels and in new and replacement applications, the cost breakout for displaced systems is 
primarily a hction of the class of equipment. Therefore, one representative cost breakout for each 
equipment class displaced was used. 

- 

A common hrnacehr-conditioner combination displaced by the gas heat pump was a condensing 
furnace (90 AFUE) with mid-efficiency air-conditioner (1 2 SEER) in a replacement application. The 
cost breakout for this system is as follows. 
Condensing furnace with mid-efficiency air conditioner 

$/3 -ton* % of bottom line 

Manufacturer cost: equipment cost 1882 45% 

Distributor cost: equipment cost 1882 
20% gross margin 470 
total equipment 2352 

Dealer/installation cost: equipment cost 23 52 

total equipment 3360 
installation 840 
equipment installed 4200 

End-user cost: equipment installed 4200 
* Furnace size is 80,000 Btu/h output. 

30% gross margin 1008 

45% 
11% 
56% 

56% 
24% 
80% 
20% 
100% 

100% 
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A common electric heat pump displaced was a mid-efficiency unit (12 SEER) in a replacement 
application. The cost breakout for this system is as follows. 

Mid-efficiency electric heat pump 

$3-ton % of bottom line 

Manufacturer cost: 

Distributor cost: 

equipment cost 

equipment cost 
20% gross margin 
total equipment 

Dealer/installation cost: equipment cost 
30% gross margin 
total equipment 
installation 
equipment installed 

End-user cost: equipment installed 

1456 

1456 
3 64 
1820 

1820 
780 

2600 
900 
3500 

3500 

45% 

45% 
11% 
56 Yo 

56% 
24% 
80% 
20% 
100% 

100% 

Commercial Unitary 
The representative gas heat pump cost breakout is provided at the $1400/ton price point, which 
corresponds approximately to the price of either engine-driven or absorption rooftop units in the year 
1999. The bottom line cost shown is for equipment installed. The $1400/ton includes setting the unit 
on an existing roof curb in a replacement application. The hookup costs vary depending on whether 
a GE unit is replaced (gas already piped to unit), or an E/E or EHP unit is replaced. Other costs that 
do not change incremental cost between gas heat pumps and conventional systems (e.g., economizer, 
indoor ductwork) are not shown. 

- 

Commercial gas heat pump rooftop cost breakout 

$/7.5-ton % of bottom line 

Manufacturer cost: 

Distributor cost: 

equipment cost 

equipment cost 
20% gross margin 
total equipment 

4998 

4998 
1250 
6248 

48% 
12% 
60% 

45% 
11% 
56% 
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Contractor/ equipment cost 
installation cost: 30% gross margin 

total equipment 

equipment 
installation 

if replacing GE 

if replacing E E  or EHP 
equipment 
installation 

6248 
2677 
8925 

8925 
1575 

10500 

8925 
2222 
11147 

60% 5 6% 
25% 24% 
85% 80% 

85% 
15% 

100% 

80% 
20% 
100% 

End-user cost: equipment installed 
if replacing G/E 10500 100% 
if replacing E E  or EHP 11 147 100% 

A common GE combmation displaced by the gas heat pump was the standard gas fbrnace (80 AFUE) 
with high-efficiency air-conditioner (12.1 EER) in a replacement application. The cost breakout for 
this system is as follows. 
Gas heatlelectric cool rooftop cost breakout 

$/7.5-ton % of bottom line 

Manufacturer cost: equipment cost 3738 46% 

Distributor cost: equipment cost 
20% gross margin 
total equipment 

3738 
935 
4673 

46% 
11% 
57% 

Contractor/ 
installation cost: equipment cost 4673 5 7% 

30% gross margin 2002 24% 
total equipment 6675 81% 
installation 1575 19% 
equipment installed 8250 100% 

End-user cost: equipment installed 8250 100% 

A common E/E unit displaced by the gas heat pump was the high-efficiency air-conditioner (12.1 
EER) model in a replacement application. The cost breakout for this system is as follows, followed 
by the cost breakout for the electric heat pump rooftop unit. 
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Electric heat/electric cool rooftop cost breakout 

Manufacturer cost: equipment cost 

Distributor cost: equipment cost 
20% gross margin 
total equipment 

Contractor/ 
installation cost: equipment cost 

30% gross margin 
total equipment 
installation 
equipment installed 

End-user cost: equipment installed 

Electric heat pump rooftop cost breakout 

Manufacturer cost: equipment cost 

Distributor cost: equipment cost 
20% gross margin 
total equipment 

Contractor/ 
installation cost: equipment cost 

30% gross margin 
total equipment 
installation 
equipment installed 

End-user cost: equipment installed 

Chillers 

$/7.5-ton 

3 528 

3 528 
882 

4410 

4410 
1890 
6300 
1575 
7875 

7875 

$/7.5-ton 

4788 

4788 
1197 
5985 

5985 
2565 
8550 
1575 
10125 

10125 

% of bottom line 

45% 

45% 
11% 
56% 

56% 
24% 
80% 
20% 

100% 

100% 

% of bottom line 

47% 

47% 
12% 
59 yo  

59% 
25% 
84% 
1 6% 

100% 

100% 

Water-cooled chiller costs are complicated somewhat by the fact that installed $/ton costs vary with 
size, and the size range of interest is relatively broad. The following table was extracted fiom a 
previous study for the Electric Power Research Institute (Energy International 1992), and the costs 
include chillers, cooling towers, and condenser-side pumps and piping. The triple-effect costs are 
preliminary estimates from the manufacturers. 
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Chiller type Cost by chiller size ($/ton) 

>60 ton >lo0 ton >300 ton >lo00 ton 

Electric centrigugahcrew 600 500 400 300 

Direct-fired double-effect absorption 700 600 

Engine-driven chiller 1000 900 800 

Direct-fired triple-effect absorption 900 800 600 

In general, the current cost premium of double-effect absorption is about $200/ton, compared with 
about $400/ton for engine-driven chillers. When they are introduced, triple-effect chillers are also 
expected to have a cost premium of about $400/ton. Double-effect costs are assumed to be about 
as mature as those of the displaced electric chillers, with the $200/ton cost premium remaining 
constant over the 15-year period. However, volume and experience curve effects are expected to 
reduce the cost premium of triple-effect and engine-driven systems over time ($400/ton, $350/ton, 
and $300/ton in the three 5-year periods). The following cost premium breakout is based on 
$300/ton, but is representative regardless of cost premium or gas chiller type. 

Gas chiller cost premium breakout 

Manufacturer cost: 

Sales related cost: 

Contractor/ 
installation cost: 

End-user cost: 

equipment cost 

equipment cost 
15% gross margin 
total equipment 

equipment cost 
installation 
chiller installed 
incre. tower/ 

pump installed 
equipment installed 

equipment installed 

$/ton premium 

181 

181 
32 
213 

213 
37 
250 

50 
300 

300 

% of bottom line 

60% 

60% 
11% 
71% 

71% 
12% 
83 Yo 

17% 
100% 

100% 
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These gas chiller costs are expressed as premiums over electric chillers. No differences in design 
costs or chiller installation labor costs are expected after the gas industry and manufacturers complete 
their outreach programs. The cost premium of additional cooling tower and condenser loop pumping 
and piping is about $50/ton installed. The rest of the cost premium is the chiller itself. 

Life of Gas Coo ling Equipment 

In all cases, it is assumed that gas cooling equipment life equals that of the conventional equipment 
being displaced. Residential and commercial unitary equipment lasts about 15 years (ASHRAE 
1987), and chillers last about 30 years (Fischer 1991). 
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48226 
J. Polucha, Valley Gas Company, 1595 Mendon Road, Cumberland, RI 02864 
D. Pountney, Peoples Gas System, 11 1 E. Madison Avenue, Tampa, FL 33602 
G. Ragsdale, Seasons 4, Inc., 4500 Industrial Access Road, Douglasville, GA 30134 
J. Rankin, Lone Star Gas Company, 301 South Harwood, Dallas, TX 75201 
D. Rector, Canier Corporation, 6376 Wave1 Street, Syracuse, NY 13206 
P. Reinhardt, Bay State Gas Company, 300 Friberg Parkway, Westborough, MA 01581- 
5039 
T. Richards, Fort Pierce Utility Company, P.O. Box 3 191, Fort Pierce, FL 34948 
R. Rigler, Tenneco Gas, 1010 Milam Street, P.O. Box 251 1, Houston, TX 77252-3158 
V. Roberts, Southern Natural Gas, P.O. Box 2563, Birmingham, AL 35202 
R. Robinson, Center for Applied Research, 1738 Wynkoop, Ste. 200, Denver, CO 80202 
D. Salee, Robur Corporation, 2300 Lynch Road, Evansville, IN 4771 1 
V. Sanchez, Tokyo Gas - Los Angeles, 633 West 5th Street, Ste. 5880, Los Angeles, CA 
9007 1 
G. Sandor, FMC Corporation, Lithium Division, 449 North Cox Road, Gastonia, NC 
28054 
I. Sauls, Crescent City Natural Gas, 1 15 North Summit Street, Crescent City, FL 321 12 
C. Schafer, Northern Illinois Gas Company, 1844 Ferry Road, Naperville, IL 60563 
M. Scruggs, Municipal Gas Authority of Georgia, 104 Townpark Drive, Kennesaw, GA 
30144 
P. Sharma, Southern California Gas, 555 West 5th Street, Los Angeles, CA 90013 
W. Sherk, City of Rocky Mount, P.O. Box Drawer 1180, Rocky Mount, NC 27802 
N. Sherman, Aerojet, 1100 W. Hollyvale Street, Azusa, CA 91702 
N. Sidler, Peoples Gas Light & Coke Co., 122 South Michigan Avenue, Chicago, IL 
60603 
R. Smith, Florida Public Utilities Company, 401 South Dixie Highway, West Palm 
Beach, FL 33401 
R. Smith, Peoples Natural Gas Co., 625 Liberty Avenue, Pittsburgh, PA 15222 
G. F. Sowers, Law Companies Group, Inc., 114 Townpark Drive, Ste. 250, Kennesaw, 

M. Standley, DeFuniak Springs Natural Gas, P.O. Box 685, DeFuniak Springs, FL 32433 
GA 30144-5599 
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225-226. 

J. Stanley, Public Service North Carolina, P.O. Box 1398,400 Cox Road, Gastonia, NC 

J. Stauder, Briggs and Stratton, 3560 North 124th Street, Dock 20, Milwaukee, WI 53222 
J. Stephens, Southwest Gas Corp., P.O. Box 98510,5241 Spring Mountain Road, Las 
Vegas, NV 89193-8510 
J. Sullivan, Atlanta Gas Light Company, P.O. Box 4569, Atlanta, GA 30302 
R. S. Sweetser, American Gas Cooling Center, 15 15 Wilson Blvd., Arlington, VA 22209 
P. Swenson, Consolidated Natural Gas, 625 Liberty Avenue, Pittsburgh, PA 15222 
B. Swiecicki, National Propane Gas Association, 1600 Eisenhower Lane, Ste. 100, Lisle, 
IL 60532 
W. Syniuta, Advanced Mechanical Technology, Inc., 176 Waltham Street, Watertown, 

A. Tarrant, Lone Star Gas Company, 301 South Harwood, Dallas, TX 75201 
R. Thompson, Rotary Power International, Inc., P.O. Box 128, Wood-Ridge, NJ 07075 
T. Thornton, City of Monroe, P.O. Box 69, Monroe, NC 281 10 
T. Tower, The East Ohio Gas Company, 171 7 East Ninth Street, Cleveland, OH 44 1 14 
M. Tran, Piedmont Natural Gas Co., 191 5 Rexford Road, Charlotte, NC 2821 1 
R. Tugwell, Greenville Utilities Commission, P.O. Box 1847, Greenville, NC 27835 
F. Verbeke, Alturdyne, 8050 Armour Street, San Diego, CA 921 1 1 
K. Darrow, Energy International, 127 Bellview Way, SE, Ste. 200, Bellview, WA 98004- 
6229 
R. Gadley, Energy Ventures Analysis, Inc., 1901 N Moore St., Ste. 1200, Arlington, VA 

T. DuBois, EE-422, FORS, Washington, DC 20585 
Ms. Vuchetich, West Ohio Gas, 3 19 W. Market, Lima, OH 4580 1 
C. M. Walton, University of Texas at Austin, Department of Civil Engineering, Austin, 

A. Ward, McQuay International, 13600 Industrial Park Blvd., Minneapolis, MN 55441 
D. Warner, Utility Systems Florida, Inc., 777 South Flagler Drive, Ste. SOOW, West Palm 
Beach, FL 33401 
C. Warrington, Clearwater Gas System, City of Clearwater, 400 North Myrtle Avenue, 
Clearwater, FL 34615 
R. Watkins, Industry Lialson Consultant, 301 Rosemary Lane, Gastonia, NC 28054 
J. Welch, Equitable Resources, Inc., Allegheny Cente Mall, Ste. 2000, Pittsburgh, PA 

D. Wilkersen, ARKLA, P.O. Box 75 1, Little Rock, AR 72203 
S. Williams, Indiana Gas Company, 1630 N. Meridian St., Indianapolis, IN 46202 
H. Zehender, Sunrise Gas System, 4747 Nob HI11 Road, Ste. 5, Sunrise, FL 33351 
J. Zook, Atmos Energy Corporation, P.O. Box 650205, Dallas, TX 75265 
Office of the Assistant Manager for Energy R&D, US. Department of Energy, Oak 
Ridge Operations, Oak Ridge, TN 3783 1-6269 
Technical Information Center, Department of Energy, Post Office Box 62, Oak Ridge, 
TN 37831 

28053-1398 

MA 02172-4800 

22209-1 706 

TX 78712-1076 

15212-5352 
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