
DOE/MC/30 133-96K0603 

IMHEXO Fuel Cells Progress Toward Commercialization 

Authors: 

Joseph A. Scroppo 
Rene M. Laurens 
Vincent J. Petraglia 

Contractor: 

M-C Power Corporation 
8040 S. Madison Street 
Burr Ridge, Illinois 60521 

Contract Number: 

DE-FC2 1-95MC30 133 

Conference Title: 

Fuel Cells '95 Review Meeting 

Conference Location: 

Morgantown, West Virginia 

Conference Dates: 

August 9-10, 1995 

Conference Sponsor: 

U.S. Department of Energy, Morgantown Energy Technology Center 
( M E T  



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not idtinge privately 
owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manu- 
facturer, or otherwise does not necessarily constitute or imply its 
endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of 
the United States Government or any agency thereof. 

This report has been reproduced directly from the best available 
COPY. 

Available to DOE and DOE contractors from the Office of 
Scientific and Technical Information, 175 Oak Ridge Turnpike, 
Oak Ridge, TN 37831; prices available at (615) 576-8401. 

Available to the public from the National Technical Information 
Service, U.S. Department of Commerce, 5285 Port Royal Road, 
Springfield, VA 22161; phone orders accepted at (703) 487-4650. 



5.2 IMHEXB Fuel Cells Progress Toward Commercialization 

CONTRACT INFORMATION 

Coop era t ive Agreement 

Tech. Development 
250 kW Power Plants Oper. 
Prod. Design & Imp. 
1 MW Power Plants Oper. 

DE-FC2 1-95MC30133 

94 95 96 97 98 99 
-- 
- -- 

Contractor 

Other Funding Sources 

Contractor Project Manager 

Principal Investigators 

METC Project Manager 

Period of Performance 

Schedule and Milestones 

M-C Power Corporation 
8040 S. Madison Street 
Burr Ridge, Illinois 60521 
(708) 986-8040 
(708) 986-8153 (Fax) 

GRI, EPRI 

Joseph A. Scroppo 

Rene M. Laurens 
Vincent J. Petraglia 

Diane Hooie 

December 19, 1994 to December 18, 1999 

Program Schedule 

OBJECTIVE 

The overall goal of M-C Power is the 
development and subsequent commercialization of 
Molten Carbonate Fuel Cell (MCFC) stacks. More 
specifically, MCFC's based upon the Internally 
Manifolded Heat Exchange (IMHEX? ) plate design 
created by the Institute of Technology. In order to 
achieve the aforementioned goal, M-C Power 
assembled a formidible team of industry leaders. 
This group, refered to as the IMHEX@ Team, has 

developed a strategy to move decisively through the 
stages of Technology Development and Product 
Design and Improvement through commer- 
cialization. 

This paper is to review the status of the 
overall commercialization program and activities. It 
will also provide an overview of the market entry 
product. Furthermore, we will evaluate the 
opportunities and benefits this product brings to a 
competive power industry. 

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITEONg 
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BACKGROUND INFORMATION 

Introduction 

Industry Environment. As the U.S. gas 
industry emerges fiom the initial uncertainty created 
from deregulation, the successful participants have 
developed a greater understanding of market forces. 
Now offering a myriad of unbundled services the 
industry allows customers to pick and choose the 
proper combination of natural gas services at the 
lowest price. Understanding conditions that enable 
savvy competitors to prosper is also providing the 
gas industry with a major advantage as the electric 
power industry begins its transition toward 
competition. Competition in the electric market 
began in the 1980~~ but experts anticipate major 
changes during the next decade. Even today, power 
marketers are positioning themselves for aggressive 
competition, even though electricity sales and 
distribution are still controlled by regulated electric 
utilities. These new players are approaching 
individual industrial, commercial, and even 
residential customers in an effort to define the 
opportunities being created with the unbundling and 
repackagine of electric energy services. As 
competition in the electric power market increases, 
there will be a downward pressure on the prices 
charged by the various players. 

Participants, which view themselves as 
integrated suppliers of a full-line of value-added 
energy services, will become the winners in today's 
and tomorrow's energy marketplace. Currently a 
variety of tools help these participants be more 
competitive and provide lower cost of services to 
their customers. One technology, that will enable 
participants to expand their role in the energy 
services marketplace, is the molten carbonate fuel 
cell. Distributed power plants based on this 
technology are uniquely qualified to fill the demand 
for localized, efficient, and environmentally friendly 
energy supplies at the lowest possible cost to the 
consumers. This type of equipment will allow 
energy service companies to supply the majority of 

a customer's electric and thermal energy needs fiom 
small power plants located at the customer's 
facilities. These distributed resources offer benefits 
over and above the commodity electricity and heat 
produced. Reliability and quality of the electricity, 
utility grid support, and independence of self- 
generation are a few examples of these benefits. 
Over the past decade the regulated electric industry 
was successful at establishing barriers to 
cogeneration and self-generation, such as 
supplemental, backup, andor standby charges, 
modified rate structures, and project buy-outs. With 
lli competition in the electric marketplace, some of 
these services will be available fiom competitive 
sources. Therefore, market forces will set the price 
and distributed generation will compete on a level 
playing field. For fie1 cells to achieve the promise 
they have always had in the technologist's mind, 
developers must introduce products that are cost- 
effective and durable. The IMHEP Team realizes 
that its product must compete with commodity 
priced energy supplies while providing customers 
added-value services. The commercialization 
program is focused on developing and verifjing the 
technology that will allow the Team to introduce a 
cost-effective product with the durability demanded 
by the marketplace. 

Development History 

The IMHEX@ Team. M-C Power was 
founded in 1987 with the sole mission of developing 
and commercializing the molten. carbonate fuel cell 
technology that was initially researched at the 
Institute of Gas Technology (IGT). In 1989, IGT 
completed the initial transfer of its sub-scale 
technology. Since then, M-C Power has 
concentrated on developing the technology beyond 
bench-scale models to full-scale stacks that form the 
building blocks for future commercial power plants. 
In parallel, a commercialization Team was 
established with the experience and expertise needed 
to bring this evolving technology into the 
marketplace. IGT and M-C Power concentrate on 
advanced &el cell technologies and hll-scale stack 
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manufacturing, respectively. Bechtel Corporation 
provides the process and engineering capabilities to 
design filly-integrated power plants based on the 
IM€€EX@ fie1 cell stacks. Stewart & Stevenson 
Services, Inc. brings to the Team not only the ability 
to cost-effktively package power plant subsystems, 
but also the marketplace distribution, sales, and 
service infiastructure demanded by the power 
industry. 

Planning. A series of incremental 
development and verification steps are focused on 
the Team's ultimate goal of developing a market- 
responsive, 1-MW MCFC power plant. 
Verifications of prototype, 1-MW power plants are 
scheduled to begin during the late 1990s and initial 
commercial deliveries to begin before the end of this 
decade. The commercialization program has been 
organized into several distinct phases as shown in 
Figure 1. Each phase achieves critical milestones 

Phase 0 - Conceptual Research. The 
conceptual research and development work of all the 
stack components took place in IGT's laboratories 
during the 1980s. The cell design configuration is 
based upon the Internally Manifolded Heat 
Exchanger (IMHEW design of the separator 
plates, which takes on many of the characteristics of 
plate and fiame heat exchanger. Concepts for 
manufacturing processes and initial component 
formulations were defined and verified in several 
0.1m2 (l-fi2) stack tests. This technology was 
subsequently transferred to M-C Power in the form 
of licensing agreements. 

PROJECT DESCRIPTION 

Phase I - Technology Development 

Scaling-Up of The Technology. During the 
first phase of the program M-C Power scaled-up the 

t echno logy  t o  

I EHEX Fuel Cell Developments I DOEAndustry Funded Program 
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Figure 1 IMHEXGD Fuel Cell Commercialization Program Phases 

dimensions required for 
cost-effective stacks. 
The first step involved 
scale-up and verification 
of cells with active areas 
approaching 1-m2 (1 1- 
fit'). This size enables 
each cell to generate 
between 1-kW and 1.5- 
kW of electricity. After 
verification testing of 
short-stacks, the 
technology was 
incorporated .into fill- 
height stacks consisting 
of several hundred cells. 
These fill-height stacks 
were subsequently 
integrated into 
developmental power 
plants that are providing 

involved in our quest to commercialize this 
environmental benign and energy efficient into Phase 11 developments. 
conversion technology. 

the initial proof-of-concept Gong with the transition 
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Much of M-C Power's scale-up activities 
concentrated on the successfil implementation of 
fill-size separator plate configuration. This 
component integrates the finctions of cell-to-cell 
electrical connection, anodekathode gas separation, 
formation of process gas flow fields, and soft-rail 
structures that form wet-seal barriers between 
internal process gas manifolds and flow fields. The 
separator plate is made fiom sheet metal, which has 
been pressed to form the various features and 
welded into a final assembly. 

Scale-up of the manufkturing processes was 
a prerequisite to developing commercial-size cells. 
The world's first manufacturing facility, designed 
exclusively for fabricating MCFC Components, was 
operating during the early 1990s. These processes 
are based on tape casting large-area porous 
components at widths approaching 1.3 meters (52 
inches) and component thickness within plus or 
minus two thousandths of a centimeter. Anodes, 
cathodes, matrices and electrolyte tapes are all 
initially manufactured using this tape casting 
equipment. The metal components (anodes and 
cathodes) are then sintered in a continuous, dual 
atmosphere firnace resulting in high quality 
components with tight control of both bulk porosity 
and pore size distribution. The individual 
components are then cut to shape and added to a 
separator plate prior to final stack assembly. 

Beginning in 1992, several short-stacks were 
fabricated and tested to veri@ M-C Power's fill- 
scale cell components and continuous manufacturing 
processes. Verification involved the testing of six 
stacks containing 2O-cells, each producing at least 
20-kW of electricity. These tests proved many of 
the unique characteristics of the IMHEP cell stack 
design and laid the foundation for continued 
developments. 

Phase IT - Product Design and Improvement 

The Product Design and Improvement 
activities began in 1995 in parallel with the final 

steps of the Technology Development efforts. The 
major focus of the Phase 11 activities is to address 
cost reduction issues and to establish the commercial 
readiness of the power plant, stack technology, and 
marketplace infrastructure. The Team's efforts will 
initially address these issues at the component level, 
followed by verification of advanced technologies in 
prototype power plant hardware. 

RESULTS 

Unocal Proof-of-Concept 

With the successfil completion of the initial 
scale-up verifications, M-C Power and its 
commercialization Team focused on verification of 
the IME3EP technology in fill-height stacks 
integrated into proof-of-concept power plants. The 
goals of these efforts are to demonstrate the 
potential of IME3EP technology in distributed 
generation and cogeneration applications and to 
provide the engineering foundation for power plant 
integration and process optimization. The first 
proof-of-concept power plant is a 250-kW 
developmental power plant located at Unocal's Fred 
L. Hartley Research Center in Brea, California 
(shown in Figure 2). The fill-height stack was 
fabricated and acceptance tested at M-C Power's 
facilities in BUK Ridge, IL in October 1994 and 
shipped to the site in November. Stewart and 
Stevenson completed the mechanical skid assembly 
in parallel. Both of these major subsystems were 
integrated with a conventional natural gas reformer 
and power conditioner previously installed at the 
site. 

- 

. 

Project Status. In January 1995, the Unocal 
power plant installation and construction was 
completed. With this milestone achieved, M-C 
Poyer, Bechtel, Stewart & Stevenson, and Unocal 
personnel began the process and control test phase. 
The startup team overcame several operational and 
design issues during this phase. The most significant 
effort involved the modifications of the reformer so 
that it would operate near fill load conditions. 
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Significant effort was also expended in debugging 
the control system and instruments. The process 
and control testing was completed and on May 4 the 
stack was integrated into the power plant. 

A second run was initiated on June 16. 
Anticipated open circuit voltages were once again 
achieved, and the internal manifolds in the stack 
maintained design pressure differentials of over 10 in 

I ?  
b 

Figure 2 The 250-kW Fuel Cell Power Plant at Unocal's Fred L. Hartley Research Center, Brea, Ca. 

During the end of May and early June the 
startup team conducted two runs in an effort to 
achieve normal operation. During the first run the 
stack heaters shorted to ground. This failure slowed 
the heat-up rate significantly. It was therefore 
necessary for the startup team to deviate from the 
normal startup procedure. The stack achieved 
operating temperature and open-circuit voltages. 
Several attempts were made to place the stack on 
load, but its performance was far below design 
expectations and the nominal performance achieved 
during the acceptance test at M-C Power. The first 
run was terminated on May 22,1995. 

water column. Although the power plant would 
maintain low power levels and electricity was 
exported to the Unocal grid, attempts to sustain 
significant levels failed. At this point the startup 
team concluded that the stack was not going to 
achieve normal operation and decided to initiate a 
cool down. Preliminary analysis indicates several 
potential causes, but the primary focus is on the off- 
design condition used during the initial run when the 
team deviated from the normal startup procedure. 
M e r  hrther assessment these conditions may have 
potentially damaged the active components, 
however verification of this requires shipping the 
stack to M-C Power for fbrther analysis. The team 
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is currently modifjling the Unocal project plan to 
return the stack for diagnostic activities. 

Initial Conclusions. Although electric 
power production never achieved significant levels 
at Unocal, a great deal of power plant design, 
fabrication, transportation, siting, operational, and 
maintenance information was obtained. Operation 
of the mechanical equipment and the reformer 
revealed many important areas that must be 
addressed for success during commercial 
installations. Several lessons learned are. currently 
being used to modi@ the control and operational 
strategies planned for the San Diego Gas and 
Electric power plant. The IME-IEP stack design 
was successfully scaled-up ten-fold. The critical 
stack conditioning phase, which includes the final 
binder removal, initial electrolyte melting, and 
cathode oxidation, was accurately implemented in 
M-C Power's acceptance test facility. During this 
test the stack produced the target power level of 80 
kW (which is the test facility limit). Inverter 
performance was flawless at low power operation. 
Operator training was successfully completed, and 
the Unocal stafF achieved practical operational 
experience during the installation, process and 
control testing, and heat-up cycles. 

San Diego Proof-of-Concept. A second 
proof-of-concept test is progressing with operation 
scheduled for early 1996. San Diego Gas and 
Electric is the host utility for this test. Gas Research 
Institute is supporting the unit construction and is 
using this test as a major milestone in their support 
of the commercialization activity. This power plant 
is based on a 250-celV250-kW full-height IMHEX@ 
stack that incorporates an advanced separator plate 
configuration. The unit also integrates an advanced 
plate type reformer that allows the full-integration of 
the power plant processes. Anode exhaust gas from 
the stack is used to provide the heat for the 
endothermic reforming reaction. This process 
change will increase the plant electrical efficiency to 
approximately 45%. SDG&E has selected the Naval 
Air Station Miramar, in San Diego, Ca. as the site. 

Project Status. M-C Power has fabricated 
the repeat components and has completed sub- 
assembly. As a result of the Unocal experience, the 
assembly of the first SDG&E stack has been delayed 
until after the analysis of the Unocal stack is 
complete. Control and startup procedures for the 
SDG&E power plant are being reevaluated based 
upon the lessons learned during the Unocal process 
and control test and initial runs. It is anticipated that 
the stack assembly delay will not hold up the 
scheduled operation of the SDG&E power plant in 
early 1996. Power plant process designs and layouts 
are complete, and Bechtel has placed orders for the 
major balance-of-plant components. Stewart & 
Stevenson has begun mechanical skid fabrication 
with shipment scheduled for later this year. The 
advanced plate type reformer has completed factory 
testing and is being prepared for shipment. 

FUTURE WORK 

Phase II - Product Design and Improvement 

The major barrier to successful fuel cell 
commercialization has been the higher first cost in 
comparison to conventional equipment. The MCFC 
technology is no different, and therefore, the Team's 
goal is to define and develop advanced stack and 
power plant technologies that allow the introduction 
of a cost-effective product even during the low 
production volumes of the initial few years. M-C 
Power has defined a range of advanced technologies 
which have the potential to achieve this goal. These 
technologies address the two major cost reduction 
areas of the stack - separator plates and non-repeat 
hardware. Advanced separator plate designs reduce 
the number of components needed for the assembly 
from the fifteen pieces (used in Unocal) to two 
pieces. Cost reduction of the non-repeat hardware 
will be achieved through creative engineering efforts 
which eliminate hardware and integrate functions. 
In parallel, cost reduction in the repeat components 
are also being examined. These include faster 
manufacturing processes and reduced raw material 
through thinner components and reduced scrap. 
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Verification tests and power plant efforts are 
directed toward the construction and operation of a 
prototype, 1-MW power plant. This unit is intended 
to reflect all of the design and operational features of 
the Team's market entry product. The first 1-MW 
power plant is scheduled for operation during the 
early part of 1998. Southern California Edison will 
host this test at their Highgrove Generating Station 

Phase'III - Commercial Delivery 

Overview. Commercial Delivery phase of 
the program is scheduled to begin in 1999. The 
Team's product introduction strategy begins with 
gradual penetration of commercial power plants 
following the successll operation of prototype units 
during the previous phase. Initially, M-C Poweis 

IMHEX Fuel Cells 
AI 
GI 

1-MW Capacity 
Natural Gas Fueled 

60% Electrical Eff. (LHV) 
Environmentally Friendly 

Available By-product Heat 
4 to 7 c/kWh Cost of Electricity 

Figure 3 Projected Market Entry, 1-MW IMHEXO Fuel Cell 

in Grand Terrace, CA. Product design and 
definition activities completed in 1994 have 
projected that the market entry unit can achieve 
electrical generating efficiencies as high as 60% and 
overall efficiencies of over 80% with the recovery of 
by-product heat. Summary characteristics of this 
unit and an initial layout design are illustrated in 
Figure 3. The Team estimated the capital cost of 
this product would be in the $1500/kW range with 
production volumes of only 20 to 50 units per year. 
This price relates to cost of electricity in the 4 to 
7$/kWh range depending on business and 
application assumptions. Achieving a cost- 
competitive pricing structure in low production 
volumes is believed to be critical to marketplace 
success as the power industry in the U.S. evolves 
with increasing competition. 
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developmental facility will be used 
to supply stacks for commercial 
deliveries, and Stewart & Stevenson 
will expand their manufacturing and 
assembly floor space. Delivery 
schedules are projected to include 
an initial six units during the first 
year, followed by ten and twenty 
the following years. The initial few 
years of production are limited to 
help manage the risk of new 
product introduction and to 
establish the experience base for 
product durability and reliability in 
real world applications. M-C 
Power will use this time period to 
establish financing for a semi- 
automated production facility that is 
scheduled for operation beginning in 
2000/2001. This facility will have 

the manufacturing floor space for three stack 
production lines and manufacturing equipment for 
the first line will be procured. This one line when 
operated at full-capacity (3-shift operation) is 
projected to have the capacity of approximately 100 
MW of annual production. If market demand meets 
the Team's expectations, a second and third line of 
manufacturing equipment will be needed by the 
2005/2006 time frame. 

Market Opportunities 

Industry Situation. The U.S. power 
generation industry is in the middle of evolutionary 
changes brought on by deregulation and increased 
competition, which creates both opportunities for 
the IIWEX@ power plant and uncertainty for the 



Team. This evolving marketplace needs advance 
power generation technologies, such as the molten 
carbonate fuel cell. This is driven by the industry's 
need to retain loads through better customer service, 
decreased capital risks, incremental investments, 
stronger environmental regulations, and increased 
generation efficiency to balance the risk of escalating 
fuel prices. 

Assessing and evaluating the market for 
IMHEP fuel cell power plants is an important 
element of the Team's Commercialization Program. 
Understanding the evolving power generation 
industry helps ensure that the market entry product 
developed during the 1990s meets the expectations 
of our future customers and is responsive to 
marketplace requirements. Estimated market 
demand and product acceptance will aid M-C Power 
and the Team in establishing market entry strategies, 
manufacturing facilities, and financial requirements. 

Segmentation. Market opportunities for 
stationary power generation can be divided into 
several categories based on the type of application, 
ownership, andor operating strategy. Applications 
can be categorized by size, location, and function of 
the fscity. The Team believes there is one principle 
market for its fie1 
cells during the 
initial ten years of 
commercial pro- 
duction. The mar- 
ket is distributed 
generation (e10 
MWcapacity). This 
segment includes 
electric-only sub- 
station applications, 
cogeneration oppor- 
tunities within the 
commercial building 
and industrial sec- 
tors, improved cus- 
tomer service func- 

power quality and reliability, pipeline compressor 
stations, and specialty fuel sources (such as landfills, 
digesters, and renewable gasification processors). 
Common to everyone's view is that these small 
capacity generators must be strategically sited within 
the electric power distribution network. Selecting 
sites that provide added-value benefits above the 
electric capacity and energy they produce, allow 
distributed generators to compete with the 
commodity price of retail energy at the customer's 
site. . 

Product Requirements. The product 
definition activities over the past years have solicited 
marketplace inputs from the Alliance to 
Commercialize Carbonate Technology members. 
Surveys of industry representatives and economic 
evaluations of the marketplace have shaped the 
Team's perspective of market-responsive 
characteristics. First, the power plant must be 
durable and reliable in its intended applications. 
Second, it must be cost-effective to install, operate, 
and maintain. The power plant must produce 
electricity competitive with the 4 $/kwh to 7 $/kwh 
range typical in light industrial and commercial 
sectors. With the increasing competitive 
environment within the power industry, these 

Cost of Electricity, dkWh 
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tions in the area of Figure 4 Cost of Electricity in Three Typical Applications 

- 163 - 



characteristics must be achieved with the initial 
market entry power plants well before final product 
maturity. 

Economic Analysis. Initial analysis has 
concluded that the projected IMHEX? power plant's 
cost of producing electricity is 6.7 #kWh in electric- 
only applications with a fuel price of $4/MMBtu. 
This cost of electricity is reduced to 5.7 #kWh in 
cogeneration applications and to 3.7 #/kWh when 
additional distribution system benefits are included. 
Figure 4 illustrates these costs and provides a 
breakdown of energy cost between capital, fuel, and 
operation and maintenance. Additional economic 
analyses were conducted to assess the influence of 
varying capital cost, fuel prices, and operating 
capacity factors. With a fuel price at $2/MMBtu or 
with a capital cost approaching $lOOO/kW, the cost 
of electricity in typical cogeneration applications 
drops below the S#/kWh range. 

represent a conservative and an aggressive 
penetration and are illustrated in Figure 5. In both 
cases the IMHEP power plant captured a 4% 
maximum market share of the total installed U.S. 
generating capacity. Market capture followed a 
typical "S" shaped penetration curve beginning, in 
1999. In the conservative case the IMHEX? 
product reached its marketplace maturity 40 years 
after market entry, while under the aggressive 
scenario maturity was achieved in 20 years. The 
results suggest that the IMHEX? market share could 
range from 300 MW/yr to over 1,000 MW/yr by 
2005. Demand continues to increase with estimates 
ranging from 800 MWyr to over 2,000 MW/yr by 
2010. These penetration rates are greater than 
needed to establish a viable production business for 
the product. In fact, the Team's production 
estimates are below the conservative case to help 
ensure management of the technical and business 
risk associated with introducing an advanced 
technology product to the market. 

Market Size, MW per Year 

2000 

1000 

0 
2000 2005 201 0 

Calendar Years 

Figure 5 Market Estimates for m X @  Fuel 
Cells Compared to Planned Production 

Market Entry. Penetration analysis were 
completed to estimate the potential rate of market 
demand during the initial ten yeys of 
commercialization. Two cases were evaluated to 
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CONCLUSION 

In the U.S. as the gas industry continues its 
competitive evolution and the electric industry 
begins its, the concept of supplying energy service 
will become more central to the strategies of both 
industries. Few participants in the industry can 
think of themselves through their previous regulated 
points of view. Competition will force both to take 
new perspectives on their business. One important 
tool in meeting these competitive forces will be 
efficient, environmentally fiiendly technologies that 
can be used to transform fuels, such as natural gas, 
into the energy products and services their 
customers need. The fuel cell power plant is one 
product that holds great promise as competition 
increases. The IMHEX? Team is dedicated to 
developing a cost-competitive product before the 
end of this decade and has focused its ongoing 
program activities toward this goal. Only through 
cooperative developments and partnerships with the 
energy service companies of tomorrow will the 
Team be successful. 


