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ABSTRACT 

A methodology has been developed to evaluate the market potential 
of new energy technologies and systems in today's fast changing U.S. 
economic and energy environment. An econometric and stochastic model 
approach is used to analyze the technical, economic, and market factors 
influencing the possible market penetration of new energy systems. The 
market model methodology includes four phases: 

Phase I Segment the new technology/end-use market; 
Phase II Estimate the technical market; 
Phase III Estimate the economic market; and 
Phase IV Estimate the market penetration. 

The market penetration of new Integrated Community Energy Systems 
(ICES) has been estimated by this methodology. To illustrate the metho
dology, highlights of the ICES application are included in this paper. 



MARKET PENETRATION OF NEW ENERGY SYSTEMS 
ESTIMATED BY ECONOMETRIC AND STOCHASTIC METHODOLOGY 

INTRODUCTION 

A methodology has been developed to evaluate the market potential 
:of new energy technologies and systems in today' s fast changing U.S •. 
economic and energy environment. An econometric and stochastic model 
approach is used to analyze the technical, economic, and market factors 
influencing the possible market penetration of new energy systems. The 
model can be used for analyzing the impact of anticipated changes in the 
economy, energy,competing technologies, and end-use markets. Moreover, 
sensitivity analysis can be conducted inexpensively to examine the ef
fects of alternative policies and assumptions. Because market potential 
can be estimated by specified technology and end-use market, the model 
can be used for developing strategies for technology research, design, 
and development and commercialization. 

The methodology has been applied to measure the possible national 
impact resulting from the commercialization of new Integrated Community 
Energy Systems (ICES) over the next 25 years. Currently, the U.S. Depart
ment of Energy is developing these systems under its energy conservation 
program. To meet the energy needs at a community level, the ICES use the 
simultaneous output of electricity and heat in a power plant (cogeneration); 
whereas, conventional systems utilize (1) electricity from a central power 
plant; and (2) other fuels consisting of natural gas, petroleum, liquefied 
natural gas, and coal. Because ICES are more efficient than conventional 
systems in the use of primary fuels, they have potential to save energy. 

The ·highlights of this methodology application are also included 
here. 

METHODOLOGY 

The four phases shown in Fig. 1 involved in estimating the market 
penetration of new energy systems are: 

Phase I 
Phase II 
Phase III 
Phase IV 

Segment the New Technology and End-Use Market 
Estimate the Technical Market 
Estimate the Economic Market 
Estimate the Market Penetration 

Phase I - Segment the New Technology and End-Use Market 

The new technologies/systems are analyzed to select the alternative 
options considered to be commercially viable. By matching the energy de
mand and supply characteristics, appropriate new and conventional systems 
are selected for each end-use market. 

An attempt is made to group the similar technology options or end
use markets together to limit the number of categories. Several possible 
examples for market and system segmentation could include: 
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(1) Market Segmentation by Region 

• Census Region 

• State 

• SMSA 

(2) Market Segmentation by End-Use Sector 

• Residential 

• Commercial 
• Industrial 

(3) Market Segmentation by Application 

• New 

• Retrofit 

(4) System Segmentation by Size 

• Large 

• Medium 

• Small 

(5) System Segmentation by Plant Characteristics 

• Diesel Engine 

• Gas T~rbine 

• Steam Turbine 

The desired segmentation is heavily influenced by: (1) decision-makers' 
objectives, and (2) the time and resource constraints imposed on the 
analysis. 

Phase II - Estimate the Technical Market 

The technical market includes all feasible applications where a new 
technology/system can be applied on a con~ercial basis. The technical 
market is equivalent to the portion of conventional systems market where 
new systems could be used. To estimate the current technical market, data 
are collected for all the applications of conventional systems that can be 
substituted by new systems. To identify and measure the technical market, 
it is usually recommended to segment it by system-type and end-use markets 
(discussed under Phase I of the methodology); For new energy systems, the 
technical market could be expressed in terms of: (1) energy demand in Btus, 
(2) conventional systems sales in dollars, or (3) any other suitable unit. 

Ecuuumetric models can be developed for forecasting conventional sys
tems markets. The market of a conventional system will increase because 
of: (1) growth in end-use market, and (2) penetration of conventional sys
tems in these markets. Alternatively, the conventional system forecast 
could be sourced from the national economy and energy (econometric) models 
if possible. From the estimates of the future conventional system markets, 
the new energy systems technical market can be estimated as discussed 
earlier. 

In short, the methodology includes the trends in the end-use markets 
which are affected by the state of the national or regional economy. 

To focus only on the realistic (rather than theoretical) applications, 
certain threshold criteria can be developed to screen the extreme applica
tions where new energy systems will not become competitive even under most 
favorable conditions. This will allow the maximum utilization of resources 
available for the analysis. 

3 



Phase III - Estimate the Economic Market 

The economic market is the portion of the technical market where a 
new energy system is economically attractive over its competing systems. 
New and conventional systems are designed for the end-use market to esti
mate the system cost. Next, an economic comparison is made between the 
competing systems to allocate the portion of technical market to economic 
.market. Because of changes in technologies, and in the economic and energy 
.environment, the economic share of new energy systems will continuously 
change. The cost of alternative systems will escalate differently because 
of differences in the system characteristics. 

A brief description of the methodology to estimate economic market 
follows: 

A stochastic approach is used to estimate the economic market from 
the technical market. The average cost of delivered energy from an alter
native system is derived by market segment. Because of the differences in 
capital cost, fuel prices, energy-use patterns, operations, maintenance, 
climate, etc., each system cost is expected to change with applications 
within a market segment. To recognize these variations, a probability dis
tribution is determined for each system cost. For convenience, a triangu
lar distribution can be assumed with the expected cost having the highest 
probability. Two extreme points of the triangular distribution coincide 
with the least and most favorable application within the market segment as 
shown in Fig. 2 which includes ICES as an example. Next, the probability 
of a particular new energy system being most economical is estimated. By 
multiplying this probability by the technical market, the new energy sys
tem economic market is determined. The analysis is carried out for an 
historic base period and subsequently extended to all years under consider
ation. By escalating the present costs with suitable forecasts, the cost 
of competing systems in future years can be estimated. 

In short, the impact of anticipated changes in the economic and en
ergy outlook is reflected in the estimates of new energy systems economic 
market. 

Phase IV: Estimate the Market Penetration 

New energy systems cannot be expected to captu.re the economic mar
ket immediately; rather, new products have been shown to follow a growth 
pattern somewhat similar to the S-shape (classical model). Market res
ponse is slow in the beginning because of: (1) unwillingness of investors 
to take risks with the new technology, and (2) lead times associated with 
the new technology. As technology viability is shown, many new investors 
enter the market place to remain competitive, and a period of rapid growth 
follows. Finally, the technology approaches maturity in the marketplace. 
The penetration of the economic market can be estimated with the help of 
Gompertz's curve or any other S-shape curve. To estimate the growth curve, 
Stanford Research Institute (SRI) has developed the following behavioral 
lag function: (1) 

y = 1 
(Eq. 1) 
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where: y = market penetration fraction, 

h = years required for 50% of the market to respond to the 
entrance of new commodity, 

K = years since new commodity introduction, and 

a = response parameter. 

This model has been used successfully by SRI to estimate the solar 
energy market penetration. (1) 

To minimize subjective errors associated with the estimation of 
growth curve (Eq. 1), a two-step approach is suggested: 

(1) Econometrically estimate the market response curve for 
similar technology in the past (if possible). 

(2) Modify the growth curve to suit the new technology. 

The response parameter, a, can be estimated by a regression analysis 
using form: 

log (~- 1) =a log (h/K) (Eq. 2) 

The penetration share captured by new technology is multiplied by 
the economic market to yield the market penetration. An annual analysis 
then is carried out starting with the commercialization period. 

-
Implementation 

energy system market 
energy, and economy. 
casts can be quickly 
and/or technology. 

of these four phases leads to an estimation of new 
penetration under an assumed outlook of technology, 

With this model structure, market penetration fore
updated to reflect the new state of energy, economy, 

EXAMPLE OF METHODOLOGY IMPLEMENTATION: ICES APPLICATION 

To aid the Department of Energy (DOE) in its RD&D and commercializa
tion planning, the market penetration methodology was applied to ICES for 
estimating their market potential over the next 25 years. Figure 3 shows 
the model structure. The main objectives were to: (1) measure the ICES 
national impact, and (2) examine the effects of the alternative DOE pol
icies. Some highlights of this application are included here. 

ICES and End-Use Market Segmentation 

The ICES were divided into three generic sizes, based on distinct 
technical characteristics of their prime-movers, as shown below: 

ICES T~Ee Electric Ca2acit~ (MW) Prime Mover 

Small 1-10 Diesel Engine 
Medium 10-50 

~ 
Diesel Engine, 

Gas/Steam Turbine 
Large 50-150 Steam Turbine· 
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To analyze the climatic and fuel cost geographical variations, 
the national market was broken down into four census regions: north
east, north central, south, and west as shown in Fig. 4. Moreover, each 
census region was divided into seven generic communities to reflect the 
variation in the energy demand density which is critical in determining 
the ICES competitiveness. Distribution cost, a major component of a 
typical ICES facility cost, increases rapidly with decline in the energy 
:demand density. 

An appropriate type of ICES was selected for serving the energy 
needs of each community within a region. The energy end-use included 
space heating, water heating, refrigeration, air conditioning, lighting, 
cooking, appliances, etc. 

ICES Technical Market. The 1978 ICES technical market was esti
mated on the basis of particular historic energy demands selected from 
the residential/commercial sector as shown in Fig. 5. To select the 
realistic market, two threshold criteria were used: (1) rural demand 
cannot be economically supplied by ICES because of the low energy demand 
density; and (2) demand for single-family homes cannot be economically 
satisfied by ICES because of the low energy demand density. 

The technical market was projected to the year 2003 using the fore
casts of energy consumption growth rates in the end-use markets. These 
forecasts were obtained from the national energy model of Data Resources, 
Inc. (DRI). (2) 

ICES Economic Market. The 1978 economic market was estimated for 
each community within a region. 

The expected delivered energy cost by the conventional system was 
measured by: (1) weighing the region cost of gas, petroleum, coal, and 
electricity in residential/commercial sectors; and (2) adding the cost 
of end-use equipment. This cost was not expected to vary significantly 
within an urban area. Therefore, a range of costs was established by 
tabulating the weighted cost for sub-regions shown in Fig. 4. 

Estimates of the ICES delivered energy cost involved a detailed 
engineering analysis. Using energy patterns in the commercial and res
idential sectors, as estimated by A.D. Little in its Project Independence 
Report (3), the various size of generic ICES facilities were designed for 
each census region. By dividing the total annual cost by useful cogener
ation output, the delivered energy cost was obtained. For each market 
segment, an appropriate ICES size was selected to determine the expected 
cost. Next, the range of costs was established on the basis of least and 
most favorable cases within the market segment. 

For each year between 1978 and 2003, the ICES/conventional system 
cost and their respective ranges were estimated using the fuel and .other 
cost forecasts from the DRI economy and energy models. (4) Finally, the 
probability of ICES being more economical than conventional systems was 
derived by each market segment for all years between 1978 and 2003. The 
ICES economic market was estimated by using the market penetration metho
dology. 

ICES Market Penetration. An effort has been made to use past ex
perience in the marketplace to estimate the S-shape growth curve. Market 
research has identified that somewhat similar gas turbine systems pene-
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trated the electric utility peak capacity market between 1960 and 1977. 
·From this, it was concluded that the market acceptance of the gas tur
bine could provide the guidelines for the penetration of medium-size 
ICES which use gas turbines as one of the prime-mover options. 

The installed capacity of gas turbine electric plants (1968 to 1977), 
and total~l~etric p.;I.ants (1960 to 1977) were sourced from the Federal Power 
Commission Newsrelease (5) (Maintained by Data Resources, Inc. in its energy 
data bank). The gas turbine electric plant capacity between 1960 and 1977 
"was sourced from an .internal report of Argonne National Laboratory. (6) Fig . 
. 6 shows the gas turbine share of total U.S. electr;i.c utility capacity. The 
penetration followed an S-shape growth pattern. The gas ·turbine technical 
market was defined to include all peak load capacity requirements of total 
electric utility capacity. According to the EEI report, (7) the peak load 
capacity was 12.% of the total electric utility capacity in the winter of 
1977/78. In view of time constraints, the economic market was assumed to 
be 10% of the total electric utility capacity as shown below: 

Diesel Engine 
Combined Cycle 
Gas Turbine 

Assumed Gas Turbine 
Economic Market 

Pumped Hydro Storage 

Assumed Gas Turbine 
Technical Market 

% of Total Electric Utility 
Capacity in 1977/78 Winter 

.4 
1.2 
8.5 

10.1% 

2.0 

12.1% 

An econometric model (Fig. 6) was fitted to estimat·e the market 
penetration curve. The half-life period was estimated to be 11.3 as 
shown in this figure. The model fit, which explained 95% of the varia
tion in the gas turbine penetration between 1960 and 1977, is: 

( 1 ) 3. 2 log ( llK. 3 ) log Y - 1 = (Eq. 3) 

whete: Y = market penetration fraction, 

K = years since introduction of gas turbine. 

As greater institutional problems are envisioned with medium-size 
ICES, as compared to those of gas turbine systems, the above model was 
modified to result in slower penetration rate. This was done arbitrarily 
by extending the half-life period of 11.3 yr to 15 yr. 

Furthermore, compared to the institutional barriers encountered by 
medium-size ICES, fewer barriers are expected with the introduction of 
small-size ICES. For this case, the half-life period was shortened ar
bitrarily to 10 yr. Conversely, the half-life period was increased to 
20 yr to reduce the penetration rate for large-size ICES that are expected 
to have more institutional and environmental problems than medium-size 
ICES. 
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Highlights of ICES Market Potential 

The ICES market model was used to estimate the market penetration 
under long-term economic and energy outlook of Data Resources, Inc. re
leased in April 1979. The energy outlook for the next 25 years is sum
marized below: 

• difficult period lies ahead because of serious questions 
raised by OPEC energy supply disruptions and higher prices; 

• natural gas and domestic oil to be deregulated by 1985; 

• real GNP to grow 2.9% annually for the period, declining 
gradually from 3.5% (1976- 1980) to 2.6% (1990- 2003); 

• continued inflationary pressures, driven strongly by fuel 
prices, and resulting in a 6% compounded rate of growth in 
GNP deflator; and 

• fuel and electricity prices to grow at 4.4% in real terms. 

Estimated ICES Market Penetration 

The results are summarized below: 

• ICES are estimated to capture 2.2 Quads of residential/ 
commercial real demand in 2003 as shown in Fig. 7. 

• ICES can result in: (1) 1.05 Quad/yr of total fuel savings, 
and (2) 0.85 Quad/yr of scarce fuel savings by 2003. 

• The northeast region could account for 40% of the total 
U.S. market penetration in 2003 as shown in Fig. 8. 

• Medium-size ICES (10-50 MW) could account for more than 
SO% of the total penetration in 2003 as shown in Fig. 9. 

• Long-run R&D strategy emerges from this model. Development 
of advanced ICES can significantly increase the estimated 
economic market (Fig. 7) and results in much higher market 
penetration. 

• Short-run commercialization strategy also emerges from this 
model. The medium-size ICES should be commercialized first 
in the northeastern market. 

Sensitivity Test of ICES Market Penetration 

A sensitivity analysis was conducted to test the impact of the as
sumption that only small-size ICES (up to 10 MW) could be commercialized. 
Greater environmental and other institutional barriers are associated 
with medium/large-size ICES. The analysis shows that the ICES market 
penetration drops from 2.2 Quad/yr to 1.4 Quad/yr in 2003. 

CONCLUSIONS 

Short and long-run strategies for technology development and com
mercialization could be formulated as illustrated by application of the 
methodology to ICES. Other benefits include: (1) improved understanding· 
of the end-use markets for new energy systems, and (2) development of 
technical and market data bases for new energy systems. 
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In conclusion, the methodology structure: 

(1) integrates trends of economy, energy,technology, and end-use 
markets; 

(2) identifies new energy system potential by end-use market and 
region; 

(3) measures market penetration sensitivity; 

(4) updates forecasts inexpensively in today's rapidly changing 
environment ; and 

(5) tests alternative policy assumptions. 
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FIGURE I. 

NEW ENERGY SYSTEMS MARKET MODEL METHODOLOGY 
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FIGURE 2. 

ICES ECONOMIC MARKET ALLOCATION 

IS BASED ON STOCHASTIC METHODOLOGY 

>-._ 
>-

-.J ._ 
CD (I) 
~ z 
CD loU 
0 0 a: 
a. 

0 

(ECONOMIC) 
\MARKET 

I,J,K 

~CONVENTIONAL 
~SYSTEMS 

mcEs 

5 10 15 20 

$/MMBTU 

(

PROBABILITY) 
OF BEING 

LEAST COST X 
SYSTEM I ,J,K 

WHERE: I =COMMUNITY (7) 

J =REGION ( 4) 

K =YEAR (25) 

25 

(
TECHNICAL) 

MARKET 

I,J,K 

FIGURE 3. 
\ 

ICES MODEL PRODUCES A CONSISTENT MARKET ESTIMATE 

( 
INTEGRATES TRENDS IN TECHNOLOGY, ) 

ECONOMY. ENERGY, AND END USE MARKETS 

r------------------------, r--------, 
: TECHNOLOGY l 
: ASSESSMENT : 

L----r---J 

r---Y----:-. r--------, 
1 TECHNOLOGY/• 1 NEW 6 1 
' MARKET r-+! CONVENTIONAL 1 

L:~~:.":~~~NJ L_:!~i~_J 
L-----~------------~-----1 I 

I 
I 
I 
I 
I 

EN01JSE MARKET~__,_... 
FORECAST 

*DATA RESOURCES, INC.'-------' 

-- ECONOMIC FACTORS 
----- TECHNICAL FACTORS 
- MARKETING FACTORS 



I. 

i 

SUBREGION 

NENG-NEW ENGLAND 
MAll-MIDDLE ATLANTIC 
SATL-SDUTH ATLANTIC 
ENC-EAST NORTH CENTRAL 
WHC-WEST NORTH CENTRAL 
ESC-EAST SOUTH CENTRAL 
WSC-WEST SOUTH CENTRAL 
MTN-MDUNTAIN 
PAC-PACIFIC 

FIGURE 4. 

MODEL IDENTIFIES I:ES MARKET PENETRATION 
BY 4 C1::NSUS REGIONS 

FIGURE 5. 

ICES TECHNICAL MARKET BASED ON ENERGY DEMANDS 

FROM RESIDENTIAL/COMMERCIAL SECTOR 

U.S. FUEL 
CONSUMPTION 

~. 

I. RESIDENTIAL/COMMERCIAL 
2. INDUSTRIAL 
3. TRANSPORTATION 
4. ELECTRIC UTILITY 

I. URBAN 
2. RURAL 

I. MULTI-FAMILY RESIDENCES 
COMMERCIAL BUILDINGS 

2. SINGLE FAMILY HOMES 

I. FUEL AND ELECTRIC POWER USE 
2. ASPHALT AND ROAD OIL 

I. REAL DEMAND 
2. END USE EQUIPMENT LOSES 

ICES TECHNICAL MARKET 

'' < 



-· 

.. 

FIGURE 6. 
MODEL OF GAS TURBINE PENETRATION IN 
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FIGURE 8. 

NORTHEAST REGION IS ESTIMATED TO ACCOUNT 40% OF 
TOTAL ICES PENETRATION BY YEAR 2003 
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